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         ABSTRACT 

Rice is one of the most important staple foods on which more than half of the global population de-
pends as a source of their calories. Pakistan being one of the world’s major rice producing countries 
produces rice not only for its domestic needs but also for export to earn foreign exchange. With the 
current trends for functional foods and nutraceuticals, growing need exists to explore local rice cul-
tivars for biochemical composition and nutrient specificity to enhance the share of rice in trade mar-
ket and to benefit consumer’s health. The primary objective of the present research was to character-
ize selected varieties of rice (Oryza sativa L.) and its by-product (rice bran) for the important nutri-
ents, high value-components and antioxidant attributes. The rice varieties most commonly cultivated 
in Pakistan were analyzed for the quality- oriented physiochemical and nutritive attributes such as 
moisture, ash, crude fiber, carbohydrates, lipids, proteins and minerals etc. Proximate analysis re-
vealed that Pakistani varieties, especially, Basmati rice, contain appreciable amounts of important 
nutrients such as carbohydrates, protein, fat, crude fiber and minerals. Extraction for antioxidant 
components from rice and rice bran was carried out by employing six solvents; methanol 
(100%,80%), ethanol (100%,80%) and isopropanol (80%,100%) and two extraction techniques; or-
bital shaker and sonication-assisted orbital shaker. Overall, best extraction yields of antioxidant 
components were obtained with 80% isopropanol and 80% methanol using sonication-assisted or-
bital shaker. The antioxidant activity of the tested varieties of rice and rice bran was assessed  using 
various in vitro antioxidant  essays e.g. estimation of total phenolic contents (TPC), 2,2-diphenyl-1-
picrylhdrazyl (DPPH) free radical-scavenging capacity, reducing power and ferrous ion-chelating 
activity. Present study revealed that tested Pakistani rice varieties have considerable potential for 
total phenolics and radical scavenging activity. The profiles of carbohydrates, fatty acids, sterols, 
amino acids, tocopherols and γ-oryzanol compounds were studied by using state-of-the-art spectro-
scopic and chromatographic techniques such as UV/Vis spectrophotometer, HPLC, GC, GC-MS 
etc., where applicable. Among rice varieties tested sixteen amino acids were detected with glutamic 
acid, arginine, leucine and aspartic acid as the major components. GC analysis of the fatty acids 
composition depicted C18:1 and C18:2 as the major fatty acids of rice varieties. GC and GC-MS 
analysis revealed the presence of β-sitosterol, stigmastenol and campesterol as the main phytosterol 
components. HPLC analysis of the tocopherols and γ-oryzanol showed the distribution of α-
tocopherol (41.2-76.1 mg/kg), γ-tocopherol (20.5-27.5 mg/kg) and δ-tocopherol (6.5-14.2 mg/kg) 
and 24-methylcycloartenyl ferulate (140.2-183.1 mg/kg), cycloartenyl ferulate (65.5-103.6 mg/kg) 
and campesteryl ferulate (29.8-45.5 mg/kg) as the principal components. Overall, Basmati Pak, 
Basmati 198 and Basmati 2000 were found good nutritive varieties in respect of antioxidants poten-
tial and valuable nutrients. In view of investigations of valuable phytochemicals and bioactives it is 
revealed that the rice has great potential for functional food and nutraceuticals applications. Efforts 
should be made to highlight the nutritive potential/quality of local aromatic rice varieties for enhanc-
ing their commercialization at global level. 
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Rice (Oryza sativa L.) is one of the most important staple food cereals in human nutrition, 

consumed by almost 75% of the global population while contributes about 60% of the food 

intake in Southeast Asia (Bouman et al., 2007). Among the cereals, rice and wheat are considered 

to be equally important as leading food sources for mankind. Currently, the world wide paddy 

rice production is about 650 million tons, whereas milled rice production is 441.4 million tons 

(FAO, 2009).   

 

 

 

 

 

 

 

 

 

 

 

  

   

Figure 1.2 Global Share of Rice (Oryza sativa L.) Production 

 

Agriculture is the back bone of Pakistan’s economy, accounting for 25% in GDP and 

employees 42% of the labor force. Pakistan is one of the largest rice producers of the world. After 

cotton, rice is the second largest revenue earner crop in Pakistani export (Carroll and Raza, 

2010).  

 
 Rice occupied about 15-20% of the total cropped area in the country, yielding 6.5 million 

tons from an area of 2.52 million hectares during 2009-10 (GOP, 2010). Pakistan contributes 

about 11% in the total world rice export with numbering at twelve (12) among the rice exporters. 

On average, more than 60% of the total rice produced is exported every year, contributing to 

5.7% of the whole value- addition in agriculture and 1.3% to GDP (Anonymous, 2009).  
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  Rice (Oryza sativa L.) is not only the prime staple food, but also an integral component of 

rural culture of Pakistan. Therefore, it can be recognized as a cultural food commodity, which 

most evidently marks the areas that still maintain a large diversity of rice varieties. Over a long 

time, three major genotypes (types) of rice had been cultivated depending on nutritional profile 

and dietary taste of the grain. These are indica, long, slender grains high in glucose polymer 

(amylose); japonica, shorter, plumper medium-grain rice that is low in amylose and Javanica, 

with an intermediate value of amylose and stickiness. Rice is further classified into long, medium 

and short-grain varieties. Freshly harvested rice is usually called paddy or rough rice. In the 

paddy rice, under the hull, white grain is covered by a nutritive film called bran. Rice embryo, a 

small structure at the base of the seed, is also contained within starchy structure beneath the bran 

layer.   

      
Rice is an excellent source of calories and almost all the valuable nutrients of the rice 

grain are located in the germ and its major by-product the bran (Kim et al., 1999). In addition to 

the nutritional features, rice also has antioxidant properties. The rice phytoxidants are very 

effective in reducing total serum cholesterol and low density lipoprotein (Rukmini and 

Raghuram, 1991; Hu et al., 1996; Sugano and Tsuji, 1997; Mazza, 1998; Kim, 2005). Rice is 

valued as a good source of carbohydrates, proteins, vitamins and minerals (Anjum et al., 2007; 

Deepa et al., 2008). Most of the valuable nutrients are stripped from rice when the bran layer is 

removed during the milling process. The grain, embryo and bran are collectively known as brown 

rice. Brown rice provides five (5) time greater proportion of Vitamin E (tocopherol and 

tocotrienols) and three (3) folds higher magnesium. Brown rice has two times more fiber as white 

rice provides, but it is not an especially rich source of fiber. Rice is also a reasonable source of 

protein comprising all eight essential amino acids (Jianguo et al., 2002).  

 
On the other hand rice bran, a by-product of rice polishing industry, alone is an excellent 

source of fiber. The bran is a major nutrient rich by-product of rice, produced during milling 

(Sereewatthanawut et al., 2008), primarily composed of pericarp, aleurone and subaleurone 

layers of kernel, and also includes embryo or germ and trace amount of starchy endosperm 

(Tahira et al.,2007).    
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found are cycloartenol, β-sitosterol, 24-methylene-cycloartanol and campesterol (Lloyd et al., 

2000). Amount of γ-oryzanol in crude rice bran oil can reach as high as 2% (v/v) (Lloyd et al., 

2000). 

 
Currently, the functions of dietary plant components and their derivatives in prevention and 

treatment of a number of chronic diseases have been well established (Liu, 2007; Yawadio et al., 

2007; Jonathan and Kevin, 2006).  The beneficial components of rice and their by-products 

comprise phenolic compounds, sterols, higher alcohols, tocopherols, tocotrienols and γ-oryzanol 

(Aguilar-Garcia et al., 2007; Nicolosi et al., 1994). Gamma-oryzanol, a ubiquitous component of 

plants primary cell walls, offers many important benefits (Tanaka, 1971), such as controlling the 

higher level blood cholesterol (Guardiola et al., 1996) and antioxidant properties (Xu et al., 

2001). Beside tocopherols, other rice components like several phenolic acids and tocotrienols 

deliver potentially very beneficial effects (Liu, 2007) such as antioxidative activity and 

antibacterial properties (Pietta, 2000; Kim and Kim, 2006). Also the presence of an antioxidant in 

food material is required to retard lipid oxidation, and preserve the colour, flavour, and vital 

vitamins of food during storage. 

 
Aroma flavor, similar to popcorn in scented rice (Oryza sativa L.) characteristically 

appreciated locally, and becoming more and more popular in the world community. Recent 

evaluations at the level of world market have highlighted the dramatic increase in importing of 

scented rice from Pakistan and India. The importing of aromatic rice “namely Basmati” is 

increasing due to the new ethnic market and increasing demand of the consumers. Scented rice 

contains more than hundred aroma compounds in variable composition collectively responsible 

for such unique characteristic of rice (Lupotto et al., 2005).   

 
Over all in Pakistan rice possesses third position after two major crops wheat and cotton. 

Pakistan is one of the largest producers of Basmati and non Basmati rice, especially Basmati 

Super (up to 40% export) has received much attention world over due to its characteristic aroma. 

Paddy rice production of Pakistan has been estimated 704.4 million tons for the year 2010-11. 

After processing, total rice production of Pakistan is estimated to be 6.2 million tons and 

forecasted to reach 6.8 million tons in 2011. Production of Basmati rice in Pakistan was 2.5 

million tons for the year 2009-10. In Pakistan two provenances, Punjab and Sindh are the main 
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Basmati producing areas, Super Basmati, Basmati 385, Basmati 198, Basmati Pak, Basmati 515 

are the major Basmati varieties produced in Pakistan. Exports of rice from Pakistan have been 

predicted at about 4 million tons in the year of 2010 on goods global level (FAO, 2009). Rice, in 

Pakistan has long history of cultivation. The research on rice in sub-continental region was 

started in 1912 with first establishment of Agriculture Research Station, Larkana, Sindh.  

Similarly rice research started in Punjab, in 1926 after the foundation of Rice Research Station, 

Kala Shah Kaku. Presently, Rice Research Institute (RRI), Kala Shah Kaku is a leading research 

center for the development of Basmati rice in the province of Punjab, Pakistan. 

 
Some previous studies have reported the composition of some rice varieties native to the 

sub-continent. However, there is gap of information on the detailed physiochemical and 

antioxidants attributes of rice cultivars indigenous to Pakistan. The present research project was 

therefore designed with the main objective to characterize selected varieties of rice (Oryza sativa 

L.) and their by-product (rice bran) for valuable nutrients and antioxidants. The present research 

study was planned to be carried out using approved indigenous rice varieties i.e. Basmati Super, 

Basmati 00515, Basmati 198, Basmati 385, Basmati 2000, Basmati 370, Basmati Pak, KSK 133, 

KS 282 and Irri 6 with the following detailed objectives.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

Detailed aims and objectives of the present study: 

 

 Evaluation of proximate composition (moisture, fiber, ash, minerals, carbohydrates, 

lipids and proteins) of selected varieties of rice.  

 Optimization of effective extraction media/techniques (extraction system) for the 

recovery of potent antioxidants and nutrients from rice and the by-product (rice 

bran). 

 Assessment of total phenolics and antioxidant activity of rice and rice bran extracts 

by using different in vitro antioxidant models. 

 Quantification/characterization of tocopherols, γ-oryzanol, fatty acids and 

phytosterols constituent in rice and rice bran oil. 

 Comparison of the physio-chemical and antioxidant attributes of rice/rice bran  

 among varieties tested.  
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Chapter-2 
  

                 REVIEW OF LITERATURE  
 

 
2.1 Potential Benefits of Cereals and Grains 
 

Wheat, rice, barley, oat, and rye are known to be economically important cereals crops. The 

nutritional benefits of cereals and grains, due to their potential functional food attributes, are 

gaining recognition (Abdul-Hamid and Yu, 2000; Truswell, 2003). Cereal grains contain a large 

variety of health promoting phytochemicals, especially, phytoesterols, carbohydrates, lignin and 

phenolic antioxidants (Kim et al., 2006).  Several studies documented the antioxidant potential of 

food grains (Miller et al., 2000). The data indicated that cereals are rich in phenolic antioxidants 

(Yu et al., 2003). There are mainly two groups namely benzoic acid derivative and cinnamic acid 

derivatives of phenolic acids occurring in cereals.  Phenolic acids are distributed as free, soluble-

conjugates and bound forms in the endosperm, germ, and bran fractions of the grains. Phenolic 

acids such as p-hydroxybenzoic, ferulic, caffeic, p-coumaric, syringic and vanillic acids are mainly 

distributed in many cereals and grains, however, their concentration varies within different 

fractions of the grains.  

 
Saikia and Deka (2011) reviewed that plant-based foods including whole grains, cereals, 

fruits, vegetables and nuts play a vital role in health promotion and disease control. All the leading 

cereals like wheat, maize, rice, oats etc. are valued as important components of functional foods 

that are similar to conventional foods in appearance but have additional physiological benefits 

beyond the basic nutrition. 

 
 Varieties of cereals like rice, wheat, barley and oat have been extensively investigated for 

their antioxidant potential (Tian et al., 2004; Zhou and Yu, 2004; Adom et al., 2005; Iqbal et al., 

2005; Cheng et al., 2006; Liu and Yao, 2006; Kim et al., 2006; Iqbal et al., 2007; Liyana-Pathirana 

and Shahidi, 2007). Generally, higher amount of phenolic acids have been found in bran extracts of 

wheat, rice, oat and barley, showing stronger antioxidant activity as compared to other fractions 

(Peterson et al., 2001; Iqbal et al., 2005; Liu and Yao, 2006 and Liyana-Pathirana and Shahidi 

2007).  
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Among cereals grown all over the world for food and nutrition, rice is one of the major 

cereal crop cultivated. With the growing demand of functional foods, cereals and grains are gaining 

importance among people. It has been reported that corn has highest potential of total phenolics 

followed by wheat, oats and rice and similarly for antioxidant activity (Adom et al., 2005). Another 

research study by Finocchiaro et al., (2007) reveals that total antioxidant capacity of brown rice is 

three folds greater than white rice and essentially characterized by the presence of 

proanthocyanidins and associated phenolics. Rice is one of the most important whole grain cereals 

and established staple food for more than two billion people predominantly in the developing 

countries (FAO, 1997).  

 
2.2 Rice (Oryza sativa L.), Rice Bran and Rice Oil as Nutritious & Functional 
Food 
 

Rice (Oryza sativa L.) is a member of Poaceae family formerly known as gramineae. More 

than 650 million metric tons of rice is produced, annually world over, constituting greater than 75% 

of all cereal grains. Physically rough rice (paddy) is composed of three different parts starchy rice 

kernel, bran and tough siliceous hull (Lakkakula et al., 2004). On the maps of the world a large 

number (more than 40)  of  rice producing countries, ranging from upper mountainous Himalayan to 

lowland delta areas are present (Anwar et al., 2005; Iqbal et al., 2005). People throughout the world 

including Asia, South and North America, Africa and parts of Europe depend for their daily 

sustenance on rice (Anwar et al., 2005). Rice is also abundantly cultivated in different provenances 

of Pakistan, especially in Punjab. Pakistan is the eleventh largest producer and fourth largest rice 

exporter country in the world. During the fiscal year 2009-10, rice was planted approximately on an 

area of 3321 thousand hectares of Pakistan with production of 6.8 million tons (GOP, 2010). A 

comparison of cultivation and production of rice in Pakistan is presented in a table below. 

Table 2.1 Annual Production (2006-2010) of Rice (Oryza sativa L.)  in Pakistan (GOP, 2010). 

Parameters Units 
Annual Productions of last 5-Years of Rice in  

Pakistan 

2006 2007 2008 2009 2010 

Area Cultivated Hectares 2575 2550 2912 3085 3321 

Paddy Production Million 
tons 

8.1 8.5 9.4 10.1 10.2 

Milled Production Million 
tons 

5.4 5.7 6.3 6.7 6.8 
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             The length, weight and width of grains establish the physical quality of rice grains. The 

classification of rice grain from food quality view point has been made on the basis of length of 

grain i.e. short, medium and long grain. Basmati rice grains are high in length where as Arborio 

rice grains are high in width (Adu-Kwarteng et al., 2003). The length to width ratio is an 

important factor to determine the shape of the variety (Normita and Cruz, 2002). Sagara, (1988) 

described the physical characteristics of commercial rice varieties (aromatic and non-aromatic) 

grown in Pakistan and found the highest values for length for Basmati. 

 

             Rice is valued as one of the nutritious staple food among cereals (Atinuke et al., 2010). It 

has relatively higher digestibility, biological value and protein efficiency ratio due to the presence 

of high concentrations (~4%) of lysine. Brown and milled rice comprise about 75-85% 

carbohydrates. Rice starch is readily digestible compared with other starch foods such as noodles 

and sweet potato etc. (Sidhu, 1989).  Amylose content in rice is ranged from 22.90 to 26.14% and 

24.14 to 25.31% among the rice varieties and milling fractions of brown and white rice, 

respectively. In a previous investigation, the amylose content was found to be higher in Irri-6 

followed by KS-282, Basmati Super and the lowest amylose content was observed in Basmati 

2000 (Dikeman et al., 1981). 

 
          Rice bran is a nutrient rich by-product of rice, produced during rice milling/rice polishing. 

It is primarily composed of pericarp, aleurone and subaleurone layers of kernel, and also includes 

embryo or germ and trace amount of starchy endosperm (Tahira et al., 2007). It has been reported 

that rough rice comprises about 10% rice bran by weight (Hu et al., 1996). Pericarp, aleurone, 

sub-aleurone, seed coat, nucellus along with the germ and a small portion of endosperm are main 

proportions of rice bran (Salunkhe et al., 1992; Hargrove, 1994). The compositional percentage 

of rice bran differs according to the variety of rice and milling (type of milling and the degree of 

milling) (Saunders, 1990). Rice bran is moderately oily, light in color, sweet in taste and has 

slight toasted nutty flavor (Hu et al., 1996). Texture depending on the stabilization process varies 

from a fine, powder-like material to a flake (Barber, 1980). 

  
Compositional analysis of rice bran revealed that it has 10-15% moisture, 8-17% ash, 12-

22% oil, 11-17% protein and 6-14% fiber (Tahira et al., 2007). Kennedy and Burlingame, (2003) 

stated that protein of rice bran is of high nutritional value, comprising essential amino acids; 
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particularly lysine. Rice bran is also a potential source of both soluble and insoluble dietary fiber 

with contribution 20-51% (Saunders, 1990), the level twice to that of oat bran. Tomlin and Read, 

(1988) and Burton et al., (2000) suggested the uses of rice bran for the enrichment of 

nutraceutical foods. The efficient utility of rice bran is only possible by actively controlling the 

activity of lipase enzyme which degrades the bran and its constituents and also denatures the 

nutritional factors. After removal of husk, direct contact of bran layer with air causes the 

development of bad flavor in brown rice by virtue of endogenous lipase (Saunders, 1990).  The 

appearance due to color of brown rice is not appealing therefore further processing of rice is 

required to remove the bran from brown rice produce white rice or milled rice of required nature 

(Hu et al., 1996).  

                Amissah et al., (2003) studied the nutrient composition of bran samples from new rice 

varieties. The parameters investigated were moisture, protein, ash, fats, crude fiber and mineral 

contents etc. Carbohydrates along with energy levels were also calculated from the relevant data 

obtained. Study revealed significant differences (P<0.05) among the parameters studied.  An 

appreciably high concentration of K followed by P and Ca were reported in rice varieties. 

Calcium to phosphorous (Ca:P) ratios were quite significant suggesting the potential use of the 

samples for feed preparation. Giuseppe et al., (2003) stated that rice is rich source of 

carbohydrates, protein, vitamins and fiber. There are essential amino acids present in bran layers 

of brown rice, in addition to minerals, fiber, vitamins including vitamin E, thiamin, and niacin 

and natural oil, which appear to have cholesterol lowering effect and other potential health 

benefits (Sunders, 1990; Hu et al., 1996; Xu and Godber 1999). Marco et al., (2006) describes 

that rice bran is valuable industrial by-product, constitute 8-10% of the rice grain. It is rich in 

protein, lipids, dietary fiber and antioxidant compounds, such as tocopherols, tocotrienols and 

oryzanol. Abdul-Hamid et al., (2007) analyzed four rice-bran milling fractions, for their chemical 

composition. The bran fraction investigated contained 8.5-12.6% moisture, 4.2-7.7% ash, 8.0-

18.9% fat, 8.8-15.2% protein, 22.2-44.8% total carbohydrates and 18.3-30.5% total dietary fiber. 

Rice bran protein is gaining interest of food industry, because of its high digestibility and unique 

nutritional value. Besides, the high nutritional values, rice bran protein is considered a 

hypoallergenic food ingredient and may be used in infant’s formulations.  
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            Anjum et al., (2007) separated different fractions of four Pakistani coarse rice varieties 

namely Irri-6, Irri-9, Sarshar and DR-83 viz. brown rice, white rice, polished rice etc. Chemical 

components such as moisture, ash, fat and fiber differed significantly in relation to differences in 

milling fractions as well as rice cultivars. Sekhar and Reddy (1982) analyzed twelve scented 

(Basmati) and one non-scented varieties of rice for their nutritional attributes and chemical 

composition. The essential amino acids profile of scented varieties when compared with non-

scented, revealed that former varieties are superior to the later.  

          
            Stabilized rice bran and its products are safe both for human and animal utility. Through 

rigorous quality control practices and microbiological safety measures, standards have been 

established to use rice bran as a nutritional and dietary supplement for sustainable health 

(Rukmini and Raghuram, 1991). Rice fiber and rice bran oil have potential uses as natural 

additives to enhance the oxidative stability during storage and to reduce the saturated fatty acid / 

unsaturated fatty acid ratio (SFA/UFA), and cholesterol content of several domestic food items 

(Kim et al., 1999). 

 
 The cholesterol lowering factor of rice bran is either attributed to the fatty acid 

composition or to the unsaponifiable components of bran oil (Watkins et al., 2003; Most et al., 

2005). A significant cholesterol lowering effect of rice bran is due to unsaponifiable matter (non-

fatty acid components) of rice bran (Wilson et al., 2007). The presence of γ-oryzanol and 

tocotrienol (main components of the unsaponifiable fraction) in rice bran could function for the 

reduction of cholesterol (Qureshi et al., 2002; Sugano and Tsuji 1997). Vissers et al., (2000) 

reveal that sterols composition of rice effectively contributes in lowering total cholesterol in 

serum. Rice bran also acts as an adsorbent for effective removal of several organic pollutants 

such as chloroform, carbon tetrachlororide, tetrachloroethylene and benzene. Although rice bran 

has numerous compounds with potential health benefits and food value, but after extraction, the 

rice bran residue has capacity for waste water treatment over a wide range of pH (Adachi et al., 

2001).   

 
 In recent years, rice bran has been recognized as a potential source of edible oil known as 

rice bran oil (Iqbal et al., 2005; Saunders, 1990). The content of rice bran oil is reported to be 15-

20%, depending upon the degree of milling, variety and other eco-variant parameters (Anwar et 
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al., 2005). Rice bran oil in its natural state, contains several constitutes of potential significance 

in diet and health. 

 
           Rice bran is a rich source of naturally occurring antioxidants (Ju and Vali, 2005). Interest 

has been mainly focused on γ-oryzanol, tocotrienols and tocopherols, all of which demonstrate 

antioxidant properties. The complete mixture of γ-oryzanol is unique identity of rice oil, but the 

exact composition of γ-oryzanol depends upon cultivars (Anwar et al., 2005). Significant 

differences in the level of tocotrienols and γ-oryzanol in commercially available rice bran oil 

have been reported by Nicolosi et al., (1994). Rice bran oil has also been considered a medicinal 

therapy to reduce the level of gastro-intestinal ulcer caused by stress. γ-oryzanol /ferulic esters is 

a fat soluble material, which means that it can act like fat soluble vitamins A, D, E and K. γ-

oryzanol is also known to have anti-ageing, anti-itching and anti-dandruff  proprieties. γ-oryzanol 

is also considered as an important medicine for the treatment of nerve imbalance. It is also 

reported to be a free radical scavenger and a quencher of singlet oxygen and thus has potential of 

anti-wrinkle agent to maintain the texture of skin (Joshi et al., 2003). γ-oryzanol has professed 

health benefits including hypolipidemic, growth promotion, development of lean muscles, 

stimulation of hypothalamus gland, reduction of  hepatic cholesterol biosynthesis and  plasma 

cholesterol  (Moldenhauer et al., 2003; Tang et al., 2007). Presence of valuable bioactives in rice 

bran supports its functional food attributes to imparting health benefits. 

  
           Rice bran oil is esteemed as a valuable vegetable oil in terms of its cooking properties, 

shelf-life and fatty acid composition (Saunders, 1990; Kahlon et al., 1992).  It has extensive 

utility in countries of repute like Korea, Japan, Thailand, Taiwan and China, as edible oil. In 

western countries rice bran oil has achieved the status of “Health Food” and similarly in Japan, it 

has got more popularity as “Heart Oil”. Rice bran oil is a good source of unsaturated fatty acids 

(C18:2) which is helpful in controlling cardiovascular diseases. Rice bran oil is also premier 

cooking oil because it is excellent in nutritional quality, comprises micronutrients, gives better 

taste and flavour to food items and economical to use due to 15% less absorption of oil during 

frying (Sharma et al., 2002).  

  
 According to research studies it has been observed that about 450 thousand metric tons of 

rice bran oil is produced worldwide, only Japan produces an amount of 25% of rice oil (Gopala 



14 
 

and Krishna, 2002). An unusual high content of unsaponifiable matter (3-5%) for the crude rice 

bran oil is several times greater than most commonly used vegetable oils where as this level 

decreases to 0.3-0.9% in refined oil because refining removes most of the unsaponifiable 

components (Rong et al., 1997). Agricultural standard of Japan recommends that content of the 

unsaponifiable material in refined rice bran oil is regulated to be 0.5%, this value is 

comparatively greater than other vegetable oils (Sugano and Tsuji, 1997). The unsaponifiable 

material of rice bran is unique complex of natural antioxidant, like tocopherols, tocotrienols and 

oryzanol (Sayre et al., 1988). The amount of α-tocopherol (0.1%) is comparatively higher in rice 

bran oil as compared to vegetable oils (Nicolosi et al., 1994).  

 
2.3 Proximate Composition of Rice  
 
 Rice can be distinguished among cereal grains on the basis of its important quality 

oriented attributes (moisture, crude fiber, ash, crude protein, and crude fat contents).  Gooding 

and Davies (1997) estimated the moisture content of rice grain during storage. The moisture 

content is also considered as an important feature because all grains are stored for a certain period 

before their ultimate utility. Grains with high moisture contents are difficult to store safely 

because these are more vulnerable to attack by pests and diseases as well as hydrolytic changes 

(Gooding and Davies, 1997). Generally, the moisture content in the rice grain can be determined 

by oven drying method (Dowell et al., 2002). It has been observed that moisture content often 

varies from 7-11% in rice grain (Stanely, 1987; Awan, 1996). 

 
 Cereals and grains are also characterized for chemical compositions by protein content. 

Rice is more nutritious, because of its higher lysine content than any other cereal protein 

(Lasztity, 1999). There are different methods used to determine the protein content in rice, but 

micro-Kjeldahl analysis is preferred. Environmental conditions, such as soil and application of 

nitrogen fertilizer greatly affect protein content in cereal like rice. Cereals mainly restrain protein 

in bran layer and periphery of the endosperm. Rice protein is a good source of essential amino 

acids for human nutrition.  Janick, (2002) reported that although rice is not rich in protein but the 

protein quality of rice is far superior to other cereals,  due to high content of lysine when 

compared to wheat, corn and sorghum. Araullo et al., (1976) stated that brown rough milled rice 
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consist of about 8% and 7% protein. Gomez, (1979) reported the protein content of Irri from 4.3-

8.2%, whereas, different Pakistani rice varieties showed protein 7.38- 8.13% (Awan, 1996). 

 
 The composition of the rice essential amino acids i.e. histidine, proline, and threonine 

varied widely. Abdul-Hamid et al., (2007) reported that the major amino acids found (in 

decreasing order) were arginine, glutamic acid, aspartic acid and serine. The range of fat contents 

varied from 0.50 to 2.23% in different rice varieties (Taira and Lee, 1988; Sotelo et al., 1990; 

Tufail, 1997). Rice contains linoleic acid (C18:2) as high as 30% of the total amount of fatty 

acids (ARI, 2004).  

 
  The foods rich in fiber augment the functions of digestive system and also reduce the risk 

of intestinal disorders. It is estimated that half cup of cooked brown rice provides 1.8g dietary 

fiber which is higher than that in cooked white rice (0.3g of dietary fiber). Brown rice after 

milling provides fiber content 1.9% (Sotelo et al., 1990). In different Pakistani rice varieties the 

fiber content varied from 0.20-0.35% (Tufail, 1997). Ash content is one of the important factors 

to assessing the purity of flour. In some varieties of brown rice the ash content varied from 0.57-

0.82% (Awan, 1996). Sotelo et al., (1990) also studied the brown rice and found the ash content 

from 1.4 % to 1.9%.  

 
2.4 Minerals Profile of Rice 
 
 Minerals are represented through two main forms as macro and micro minerals. The word 

macro means “large” required with larger amount for body requirements as compared to trace 

minerals. These are exemplified as Ca, P, Mg, Na, K, Cl, and S. Trace minerals including Cu,  

Fe, Co, Mn, I, Zn and Se are also essential for human body. Bajaj, (1991) reported that 

environment and regions may also affect the mineral composition of plants and vegetables.  

Minerals like calcium, magnesium and phosphorus are present in rice along with some traces of 

iron, copper, zinc and manganese (Yousaf, 1992). Similarly, the by-product of rice, namely rice 

bran is a rich source of aluminum, calcium, iron, magnesium, manganese, phosphorus, 

potassium, sodium and zinc (Sunders, 1990; Hu et al., 1996; Xu and Godber 1999).  

Watts, (1980) reported the mineral composition of twelve samples of Canadian wild rice 

consisting of P (0.28%), K (0.30%), Mg (0.11%), Fe (17ppm), Mn (14 ppm), Zn (51 ppm) and 

Cu (13 ppm). Similarly, Sotelo et al., (1990) analyzed twelve Mexican varieties of rice for 
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mineral composition. Milling process followed by polishing significantly reduces the K, Fe and 

Zn contents of the rice. A significant variation in mineral contents was observed between 

varieties of brown and white rice. Marr, (1995) analyzed ninety samples of Australian brown rice 

for K, P, S, Mg, Ca, Na, Al, Cu, Fe, Mn and Zn. It was found through this study that manganese 

content in Australian rice was higher than in brown rice produced in other countries of the world 

whereas concentrations of other elements were in agreement to those reported for overseas rice. 

Highly significant positive correlations were found between the levels of P, K, Mg and S of rice 

varieties. 

 
 Dikeman et al., (1981) investigated four Indica rice varieties namely Irri-6, KS-282, 

Basmati 2000 and Basmati Super for their mineral profile. Analysis of investigated varieties 

revealed the contents of minerals such as Na, K, Fe and Zn to be significantly higher in brown 

rice than those in white rice. Phosphorus and potassium were among the major mineral 

constituents of rice bran, with values up to 1633 mg/100g. Anjum et al., (2007) investigated 

significantly higher mineral contents in bran. The amount of Fe, Zn, Mn and Cu significantly 

vary in processes like par boiling, milling and polishing etc. Iron is present mostly in the 

formation of a complex with hemoglobin protein in human blood. The main function of 

hemoglobin is known to carry oxygen to all body parts for the oxygenation of body cells. Iron is 

also an essential element for several enzymes function, especially for the breakdown of glucose 

and fatty acids to release energy. According to the report of ARI, (2004) half cup of cooked 

brown rice provides 8% of iron as compared to white rice which gives 7%. Functions of iron (Fe) 

for synthesis of important body protein and cellular activity are worth noting.  

 
 The intake of heavy metals in food makes up a considerable amount of total 

contamination in humans. According to various sources it has been established that contaminated 

water in rice fields is the main source of increased level of Cd in rice grains. About 50% Cd 

intake in Indonesia has been reported due to the consumption of contaminated rice and this level 

is ranged from 40-60% in Japan (Rivai et al., 1990). The soil contamination is an important 

aspect for greater intake of cadmium in rice grains. In Taiwan, the highest cadmium contents (5.9 

mg/kg) were found in brown rice when it was grown in contaminated soil (Chen et al., 2005). On 

the other hand some studies have demonstrated that plants are not affected by the higher level of 

heavy metals in the soil. It proves no positive relationship between the minerals concentrations in 
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soil and plants because it depends on several other factors including the plant growth (Martinez-

Salgado et al., 2010). The toxic heavy metal arsenic (As) is also present in rice. Abedin et al., 

(2002) studied that arsenic (As) can damage the roots of rice plant and inhibit the uptake of 

essential nutrients. In an investigation, As in rice grain samples was noted to be lower than 1.0 

mg/kg (Das et al., 2004). Different rice samples commonly consumed in Saudi Arabia were 

analyzed for Cd, Pb and Hg contents and  contained considerable contents of these elements 

while in some cases  these levels were higher as compared to provisional tolerance weekly intake 

limit (PTWI) recommended by FAO (Al-Saleh and Shinwari, 2001). 

 
2.5 Antioxidant Activity Evaluation  
 

The prime function of antioxidants for the protection of body is to scavenge free radicals. 

Generally, lipids, protein and DNA are attacked by free radicals to initiate for several chronic 

diseases (Miller, 2001). The body has a natural defense mechanism to protect itself from free 

radicals and other oxidative damages, however one can supplement the body’s resources with 

antioxidants from dietary sources. Cereals grains are one of the potential sources of natural 

antioxidants. The total antioxidant activity of whole grain is found to be similar with fruits and 

vegetables (Miller, 2001). Antioxidants of wholegrain foods are lipophillic and roughly one half 

are not fat soluble. Soluble antioxidants include phenolic acids, tocopherols and oryzanol in rice 

and oats. According to the data reported about two-thirds of whole grain antioxidants are not 

soluble in water, aqueous methanol or hexane (Kroon et al., 1997). 

 
 Analytical protocols used for the evaluation of antioxidant activity should be selected on 

the basis of recognition of different antioxidant mechanisms supporting the multi-fold functions 

of antioxidants in both the physiological and food-related oxidative processes. Usually,  some 

contradictory results have often been obtained, illustrated not only for pure  polyphenolic 

compounds (Moure et al., 2001), but also for plant- based whole antioxidants  system  (Madsen 

and Bertelsen, 1995; Wiseman et al., 1997)  These  varying results obtained in different 

antioxidant assays  can better be attributed to   a several  factors such as the physical arrangement 

of the substrate, nature of the oxidation substrate, the existence of interacting moieties, the mode 

of oxidation initiation and the type of antioxidant assay (Frankel and Meyer, 2000). 

  



18 
 

 Although in simple model systems the influence of some factors have been elucidated, 

whereas in a complex heterogeneous model system the effect on food matrix or on the human 

body still not predicted well so there is strong need for development of standardized testing 

procedures for accurate evaluation of antioxidant activity of a pure antioxidant compound as well 

as the whole plant antioxidant extracts (Frankel and Meyer, 2000). Some methods based on 

different antioxidant mechanisms have been previously suggested for testing the antioxidant 

activity and applications of antioxidants in food and biological systems (Madsen and Bertelsen, 

1995).  

 
2.5.1 Quantification of Phenolic Compounds 
 
          In the past, the extraction and quantification of phenolic compounds from variety of plants 

materials has turn out to be a potential area of research (Dai and Mumper, 2010). Several 

methods have been employed for the determination of total phenolics; however none can be 

claimed as a perfect method, because of the heterogeneity of phenolic compounds and oxidative 

interference of readily available substances (Singleton et al., 1999). Among these, the Folin-

Ciocalteu method (F-C), Folin-Denis method (FD), permanganate titration, colorimetry with iron 

salts, and ultraviolet absorbance are most commonly used methods for estimation of total 

phenolic contents (Dai and Mumper, 2010). Phenolic compounds or total phenolic contents in 

plants and plant based foods can be quantified by using the well renowned, Folin- Ciocalteu 

method, which  works on the basis of total number of phenolic groups  and the  potential 

oxidisable groups present in the sample compound (Amarine and Ough, 1980; Singleton et al., 

1999).   

 
           Folin-Ciocalteu assay works on the basis of electrons transfer in basic or alkaline medium 

from phenolic compounds to phosphomolybdic/phosphotungstic acid complexes to form blue 

complexes that are determined approximately at 760 nm using spectrophotometer (Singleton et 

al., 1965; Singleton et al., 1999)\ As a comparison standard, gallic acid is most commonly used 

and values are usually reported as milligram of gallic acid equivalent per kilogram or liter of 

extract among samples. Owing to the chemical nature of the Folin-Ciocalteu reagent, total 

phenolics are usually measured with some other oxidation substrates (Singleton et al., 1999, 

Singleton et al., 1965). To avoid the inhibitory or synergistic effect, the Folin-Ciocalteu reagent 
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is added prior to alkali. It is reported by Singleton et al., (1999) that additive effects are usually 

not anticipated from phenols, aromatic amines, high sugar levels or ascorbic acid in the samples. 

 
 Folin-Ciocalteu method was primarily established by Folin and Denis (Folin and Denis, 

1912) and Folin and Ciocalteu (Folin and Denis, 1927) for the determination of tyrosine a 

proteins and later on modified for the analysis of total phenolic compounds by Singleton and 

Rossi (1965). The reaction mixtures comprising distilled water, Folin-Ciocalteu reagent and 

sodium carbonate (2-40%) are incubated at 40 0C. Extracting solvent instead of samples is 

employed as a blank in a mixture of reaction. Some inorganic salts like iron sulphate, sodium 

phosphate, manganese sulphate and potassium nitrite may interfere with the Folin reagent 

resulting in increase of concentrations of the phenolic compounds (Haung et al., 2005). The 

parameters specified by Singleton and Rossi, (1965) should be adhered as a reference standard in 

order to obtain reliable results (Haung et al., 2005). Commercial tannic acid was first used as a 

common standard for the Folin-Ciocalteu method comprising a mixture of gallotannins from 

different plant materials. It has been now replaced by gallic acid for use as a standard for total 

phenolics (Hagerman, 2002). Common additives like sulfites and sulfur dioxide can cause 

synergistic effect. Singleton et al., (1999) discussed the effects of compounds and methods 

interfering for correcting these factors.  

Critical parameters of Folin-Ciocalteau method (Singleton et al., 1999) 

 
1. Interferences.  Folin-Ciocalteau reaction is based on chemical reduction of the reagent 

that results into formation of colored complex and there are enough chances of 

interference from a number of sources. 

2. Limits of detection and quantitation. Because concentration of the phenolics compouds 

vary from sample to sample, so sometime methods shows limitation to analyze the 

sample. 

3. Standardization. Because sample comprises several substances and the analysis reveals 

the presence of many different substances in one result whereas the standard is only a 

single substance. 

4. Precision Folin-Ciocalteau method is based on reaction kinetics and not the 

stichiometery, so it is not very precise method, and variations are found for replicates. In 

addition to this temperature and timing may also affect the precision of the method. 
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            Inspite of these limitations, Folin-Ciocalteu assay is simple, reproducible and has been 

widely employed for quantitative measurement of phenolic compounds in extracts of food plants. 

Folin-Ciocalteau (FC) is standard method for analysis of phenolic contents in plants, fruits, 

vegetables and food grains (Proteggenete et al., 2002). One drawback of Folin-Ceocalteu reagent 

method in results interpretation is that different classes of phenolics have different taste attributes 

(Adams et al., 1999). In addition, if the sample contains sweetener, it can facade the bitterness 

and astringency. A major advantage of the Folin-Ciocalteu procedure is that it has a fairly 

equivalent response to different phenolic substances. 

 
 The total phenolic contents (TPC) are usually an important source used to explain 

antioxidant activity; but, it is unlikely to report for antioxidant capacity and activity (Heinonen et 

al., 1998; Kahkonen et al., 1999). Further more thorough identification of phenolic compounds in 

foods and nutrition, quantification of antioxidant capacity would be easy. It is essential to 

efficiently extract polyphenolics, while antioxidant capacities are measured and calculated. 

Generally, aqueous solutions of ethanol and methanol as solvent are more effective in the 

extraction of phenolic components than pure water, ethanol and methanol (Katsube et al., 2004). 

Reversed-phase high performance liquid chromatography (RP-HPLC) combined with UV-VIS or 

electrochemical as a detector is the most acceptable tool for the quantitative analysis of individual 

phenolic compounds (Mattila et al., 20026; Merken and Beecher, 2000). The HPLC used for the 

analysis of phenolic compounds is often limited to compounds with low-molecular weight. 

 
 There are a number of research studies carried out on the determination of TPC   in rice 

and rice bran using Folin-Ceocalteu reagent method. Using specifically Folin-Ceocalteu method 

Phoency et al., (2009) investigated total phenolics in japonica rice from Taiwan and similarly 

Chen and Bergman, (2005) in rice bran, Chotimarkorn et al., (2008) in commercial rice cultivars 

from rice bran extract of Thailand. Hodzic et al., (2009) also employed Folin-Ceocalteu reagent 

method to compare the potential of total phenolics of whole grains (Rice, wheat, oat. corn, rye 

etc) of Bosinia and Italy. Generally, aqueous solutions of solvents are more efficiently employed 

for the extraction of polyphenolic compounds from rice (Katsube et al., 2004). Hodzic et al., 

(2009) investigated TPC ranged from 295-2035 mg GAE/ kg at 20 ºC and 429-3065 mg GAE/kg  

at 40 ºC  in different extracts of rice and some other cereals. After using three different solvents 



 

to compa

in brown

TPC of f

of dry ma

phenolics

contains 

et al., 200

 
2.5.2 Rad
 
 In

function 

molecule

and wide

However

oxidation

 
2.5.2.1 2,
 
 T

radical w

and the r

solution i

form a v

molecule

 

               

   

  

are TPC in d

n rice are hig

four varieties

atter. Liyana

s in rice tha

an amount o

09).  . 

dical Scaven

n simple “lip

through dire

es or by dona

ely used fo

r, these assay

n and in vivo

,2-Diphenyl

he free radic

which  absorb

reaction pro

is mixed wit

violet to pal

e in a reaction

                   

                   

               

different rice

gher than in

s of rice bran

a-Pathirana a

an those inv

of phenolics 

nging Activ

pid free” sys

ect measurem

ation of hydr

r measurem

ys lack oxida

 models.  Th

l-1-Picrylhy

cal 2,2-Diph

bs at 515 nm

gress is con

th a substan

le yellow co

n given belo

                   

Figure 2.1 C

              

e varieties, it

n white rice

n indigenou

and Shahidi,

vestigated b

as 748 mg/k

ity  

stems, assay

ment with tra

rogen atom. 

ment of free

ation substan

hese assays c

ydrazyl (DPP

henyl-1-Picry

m maximum. 

nveniently m

nce which is 

olour. The Z

ow (Molyneu

   

Chemical st

  

Z• +

21 

t has been c

(Hodzic et 

s to Pakistan

 (2006) how

by Zhou and

kg whereas 

ys to determi

ansfer of ele

These assay

e radical sc

nces, and sh

can further b

PH) Radica

ylhydrazyl  

The violet c

monitored by

able to don

Z• represent

ux, 2004). 

tructure of D

+ AH = ZH

concluded th

al., 2009).  

n ranged fro

wever reporte

d Yu, (2004

white rice (p

ine radical s

ectron from t

ys have been

avenging pr

how insuffici

be classified 

al Scavengin

(DPPH) is c

color of the 

y a spectrop

nate a hydrog

ts the DPPH

 

DPPH• Rad

H + A• 

hat contents o

Iqbal et al.

om 0.251-0.3

ed some high

4). Brown r

polished) 29

scavenging a

the antioxida

n regarded as

roperties of

iency, in the

as discussed

ng Capacity

commercially

solution fad

photometer. 

gen (H) atom

H radical an

dical 

of total phen

, (2005) rep

359 g GEA/

her levels of

rice (unpoli

95 mg/kg (H

activity prim

ant to free ra

s commercia

f plant mate

e situation of

d below: 

y 

y available s

des after redu

When the D

m, it reduces

nd AH the d

nolics 

ported 

100 g 

f total 

ished) 

Hodzic 

marily 

adical 

al kits 

erials. 

f food 

stable  

uction 

DPPH 

s it to 

donor 



22 
 

 The measurement of scavenging capacity of stable radical 2,2-diphenyl-1-picrylhydrazyl 

(DPPH•), quantified by using spectrophotometer in organic media at wavelength 515 nm   is 

widely used for the assessment of homologous series of phytoxidants. The decrease in colour 

strength can be compared with concentration curve of a standard antioxidant similarly in the 

trolox equivalent antioxidant capacity (TEAC) assay (Brandwilliams et al., 1995; Arnao, 

2000).The stoichiometry of reaction of radical (DPPH•) scavenging differs as the nature and type 

of antioxidant varies.  However, a 2:1 (radical: antioxidant) molar stoichiometric ratio has been 

optimized for ascorbic acid, trolox, alpha-tocopherol and several other phenolic compounds 

(Brandwilliams et al., 1995; Arnao, 2000), whereas 3:1 stoichiometric ratio has been reported for 

rosmarinic acid, containing more hydroxyl groups and some derivates of cinnamic acid also 

scavenge a same number of DPPH• radicals per molecule (Brandwilliams et al., 1995). A specific 

assay was further developed to calculate even the rate of scavenging and, accordingly, to 

determine and characterize the antioxidant activity for a series of flavonoids (Madsen et al., 

2000; Butkovic et al., 2004).  

 
 Among stable radicals, another radical such as potassium nitrosodisulphonate (Fremy’s 

salt) and galvinoxyl (p-tolyloxy radical) have also been reported to be used for similar kind of 

investigations but subjected to ESR (Electron Spin Resonance) spectroscopy, tool of detection. 

ESR spectroscopy is a relatively new but very promising method for the investigation of 

antioxidant activity and lipid oxidation, because it measures free radical concentrations directly. 

Gardner, et al., (1998) stated that ESR signal intensity however help to measure the antioxidant 

capacities to scavenge these radicals. Both the galvinoxyl radical and Fremy’s salt scavenging 

assays have been evaluated for some products (McPhail. et al., 1999). So for it carries 

information only about antioxidant capacity but can also be further developed to calculate the 

kinetic order of antioxidant activity.  

 
 Among the methods which have been established to estimate the radical scavenging 

activity, DPPH scavenging assay is the most accepted and repeatedly used for the determination 

of antioxidant activity of, cereals, fruits, vegetables and other plant materials (Singh et al., 2002; 

Nenadis et al., 2004; Shon et al., 2004; Oboh 2005; Turkmen et al., 2005; Abas et al., 2006; 

Anagnostopoulou et al., 2006; Okonogi et al., 2006; Arabshahi-Delouee and Urooj, 2007; Lim et 

al., 2007).  
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DPPH radical scavenging activity investigated by Cheng et al., (2006) of rice bran was 

found to be greater than reported by Zhou and Yu, (2004) whereas, it was comparable with 

investigations of Iqbal et al., (2005). Rao et al., (2010) assessed free radical DPPH scavenging 

activities of methanolic extracts of the rice bran, and illustrated the rice bran shows significant 

effect in decreasing the concentration of DPPH radical due to its scavenging ability. A range of 

IC50 value reported by Rao et al., (2010) revealed similar effect as illustrated by Juliano et al., 

(2005). Generally, methanolic extracts of rice bran show higher DPPH radical scavenging ability 

than the methanolic extract from oat groat (Ghasemzadeh et al., 2011). According to some 

researches, DPPH free radical scavenging activity (IC50 value) of rice bran extracts, rice hulls 

and unsaponifiable matter from rice bran (Lee et al., 2003; Lee et al., 2005; Iqbal et al., 2005; 

Chotimarkorn et al., 2008) was appreciable. However, DPPH free radical-scavenging activity of 

all the extracts of rice bran is less than that of synthetic antioxidant butylated hydroxytoluene 

(BHT) at the same concentration (1.0 mg/mL). According to the study of Shimada et al., (1992) 

rice bran extracts have more capability to donate hydrogen atoms that might be the basis of 

effective DPPH free radical-scavenging. 

 
2.5.3 Reducing Power 

 
Estimation of reducing power of antioxidants is highly informative, which not only 

provides ranking of antioxidants as reducing agents, but also predicts the possibility of electron 

transfer to reactive oxygen (RO) species thermodynamically. In order to avoid disorder, 

potentials are reported as standard reduction potential (Wardman, 1989). Assessment of the 

radical reactions together with antioxidant interactions entirely depends on differences in 

reducing powers. Wardman, (1989) predicted that few reduction potentials known are less 

accurate because thermodynamically possible reactions are not always kinetically feasible. 

 
Several antioxidant protocols/essays have been established and practically employed to 

evaluate the antioxidant potential of the pure compounds, plant and vegetable extracts, and human 

plasma. But, different chemistry is involved for each assay. The reducing power assay is based on 

the ability of phenolics to reduce Fe+3 to Fe+2 (Pulido et al., 2000). Ferric reducing antioxidant 

capacity (FRAP) assay, initially developed to analyze the reducing power of plasma has recently 

been applied to other samples of plants, vegetables and food (Ou et al., 2002; Agbor et al., 2005; 



24 
 

Li et al., 2006). The reducing power of the plant and plant food materials have been widely 

investigated using this assay (Yen et al., 2000). In this assay an electron donating reducing agent 

contributes to antioxidant activity of a specific material by its capacity to donate an electron to 

free radicals, resulting in neutralization of the reactivity of the radicals. Greater antioxidant 

activity is ultimate sign of greater reducing power (Hsu et al., 2006). Reducing power of bioactive 

compounds is widely linked with antioxidant activity (Siddhuraju et al., 2002).  

 
In a study, Hodzic et al., (2009) used reducing power assay to evaluate the reducing 

potential of rice varieties from Bosnia and Italy. The relative influence of total phenols content 

on antioxidant capacity in the rice extracts showed a linear correlation between the amount of 

total phenols and antioxidant capacity. Reducing power has been proved to be an effective tool to 

evaluate the potential of natural antioxidants in the rice bran extracts to donate electrons 

(Chotimarkorn et al., 2008).  Rao et al., (2010) investigated reducing power of Njavara rice and 

declared that it has significantly higher correlation with polyphenolic content.  There are several 

studies which also used FRAC assay for measuring the reducing potential of rice and rice bran 

extracts (Rao et al., 2010; Chotimarkorn et al., 2008; Nam  et al., 2006; Iqbal et al., 2005). 

 
2.6 Solvent Extraction of Antioxidants 
 
 The extraction of antioxidants/bioactive substances from plant materials is a key task 

while determining the uses of phytochemicals in the preparation of food ingredients, dietary 

supplements or nutraceuticals, pharmaceutical, and cosmetic products. These phyto-phenols can 

be extracted from fresh, dried and frozen samples of plants and food materials. Plant samples are 

usually treated through milling, grinding and homogenization process before extraction (Dai and 

Mumper, 2010). Generally, freeze-drying is superior procedure as compared to air- drying or 

heat- draying for extraction of intact phenolics from plant samples due to their heat sensitive 

nature. Therefore concerns should be taken into account when studies are planned especially for 

evaluation of medicinal or biological properties of plants (Abascal et al., 2005). 

 
 Solvent extraction is more frequently used for isolation and characterization of natural 

phytoxidants. Extraction yield and antioxidant activity of the plant materials strongly depend 

upon the nature of extracting solvent due to the presence of different antioxidant compounds of 

differing polarity. Solvents with polar nature are often used for the recovery of polyphenols from 
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plant materials. More commonly used solvents are pure and aqueous-organic mixtures containing 

methanol, ethanol, isopropanol, and ethyl acetate. Many literature reports reveal that methanol, 

ethanol, isopropanol and ethyl acetate are more efficient for extraction of phenolic compounds 

(Singh et al., 2002; Negi et al., 2003; Abdille et al., 2005; Peschel et al., 2006; Zia-ur-Rahman 

2006; Arabshahi-Delouee and Urooj 2007). Methanol and ethanol have been widely used to 

extract antioxidant compounds successfully from various plants and plant-based materials (fruits, 

vegetables) such as rice bran (Iqbal et al., 2005), wheat grain and bran (Cheng et al., 2006), 

mango seed kernel (Abdalla et al., 2006), plum (Chun et al., 2003; Cevallos-Casals et al., 2006), 

strawberry (Olsson et al., 2004), pomegranate (Mirdehgan and Rahemi, 2007), citrus peel (Kang 

et al., 2006), and many other fruit peels (Okonogi et al., 2006). Some studies also depict the 

efficacy of isopropanol to extract phenolic compounds from onion (Shon et al., 2004) and citrus 

peel (Anagnostopoulou et al., 2006).  

 
 Extraction techniques are employed after taking into account the chemistry and non 

uniform supply of phenolic antioxidants in the natural sources. Generally, outer tissues 

(epidermal and sub epidermal layers) of the grain, fruits are enriched in soluble phenolic 

compounds than in the inner tissues (Antolovich et al., 2000). Depending upon the nature and 

stability of the natural phenolic compounds multifarious protocols, involving different 

solvents/techniques, have been designed for the extraction of plant phenolics and other 

antioxidants.  The conventional extraction technique like orbital shaking (maceration) and 

Soxhlet extraction have low efficiency and are not  environmental-friendly due to involvement of  

larger volume  of organic solvent and long time for extraction required in these techniques. To 

overcome these issues many new developments have been made in recent years such as 

ultrasound-assisted extractions, microwave assisted extraction and techniques based on use of 

compressed fluids, like supercritical fluid extraction (SFE), subcritical water extraction (SWE), 

pressurized fluid extraction (PFE) or accelerated solvent extraction (ASE) for the extraction of 

plant phenolics (Dai and Mumper, 2010). Ultrasonic-assisted extraction (UAE) is a viable 

technique and is based on simple instruments which are economically accessible (Vinatoru, 

2001).  The mechanism during ultrasonic-assisted extraction involves the sheer force created by 

the production of bubbles due the propagation of the ultrasonic waves in the kHz range (Laborde 

et al., 1998). Disintegration of bubbles causes mechanical, physical, and chemical effects, 

resulting into biological membranes disruption to ease the release of bioactive compounds 
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(Vinatoru, 2001). Recently, ultrasonic assisted extraction has been extensively employed in the 

extraction of phenolics from different parts of plants such as leaves (Paniwnyk et al., 2009), 

stalks (Yang et al.,2008), fruits (Montiel-Herrera et al., 2004) and plant seeds (Hromadkova et 

al., 2008). Comparatively, ultrasonic assisted extraction is an efficient and fast extraction process 

with less degradation of phenolic compounds. 

 
 However, extraction of maximum phenolic compounds from all types of plant materials 

with only a single solvent may not be successfully achieved. It is found that different solvent 

systems in organic combinations or in aqueous-organic formations are more efficient in 

recovering antioxidants from plant materials (Li et al., 2006). Anwar et al., (2006) extracted 

various plant materials including rice bran, oat hull, coffee beans, guava leaves and citrus peel for 

antioxidant compounds using aqueous methanol. Maximum phenolic compounds were extracted 

with aqueous methanol from rice bran (Chatha et al., 2006) and Morina oleifera leaves 

(Siddhuraju and Becker, 2003). Bonoli et al., (2004) reported that maximum phenolic compounds 

from barley flour were obtained with mixtures of ethanol and acetone. 

 
Aqueous isopropanol is also one of the efficient solvent systems for extraction of 

antioxidant components from rice and rice bran (Shon et al., 2004). Chemat et al., (2011) proved 

ultrasonic extraction procedure for cereal grains. Some studies revealed the amount of extractable 

components using different solvents (ethanol, methanol, acetone, hexane) from rice bran between 

10.02% and 16.71% (Chatha et al., 2006), wheat bran 10.6% (Liyana-Pathirana and Shahidi 

2007. Variations in the extract yields from rice bran might be attributed to the availability of 

different extractable components, defined by the chemical composition of rice genotype (Hsu et 

al., 2006).  The amount of the antioxidant components that can be extracted from a source 

material mainly depends on the dynamism of the extraction procedure and possible variation exist 

for sample to sample (Chemat et al., 2011). Among other parameters, effectiveness of the 

extracting solvent to dissolve endogenous compounds might also be a contributing factor (Shon 

et al., 2004; Bushra et al., 2009). 

 
2.7 Lipids Extraction 
 
 Solvent extraction of oil from oilseeds is the most efficient and applicable method for 

oilseeds having low oil contents such as rice (Anjou 1972; Caviedes 1996). This is also the most 
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economical, efficient and widely used process for high oil content seeds (e.g. sunflower, peanut, 

canola) and also for medium oil content seeds (cottonseed and corn germ) (Norris, 1964; Ward, 

1976). Therefore, vegetable oils are mostly extracted by using solvent extraction. Solvent 

extraction was originated as a batch process in Europe in 1870 and developed to the continuous 

solvent extraction systems by technological developments (Mustakas, 1980). Extraction is 

normally carried out in a counter-current fashion to maximize oil recovery while minimizing 

solvent use (Balke, 2006). Duvernay et al., (2005) used a polar solvent, isopropanol, and a non-

polar solvent, n-hexane, for the oil extraction from rice and its by-product rice bran.  He 

compared results of the conventional solvent extraction technique at 40 ºC with those of 

microwave-assisted extraction (MAE). 

  
 The most common type of extractor used is the percolation type in which the solvent 

flows by gravity through a bed of meal (Anjou 1972; Beach 1983). The hexane leaves the 

extractor with an oil concentration of 25-30% and the defatted meal with a solvent content of 30-

35% (Anjou, 1972). The hexane in the meal is removed in a desolventizer-toaster which consists 

of steam heated trays, the meal is first heated by indirect heat in the upper trays to remove most 

of the solvent, followed by a direct steam injection in the middle trays, and finally by indirect 

heat in the lower trays to dry the meal (Anjou, 1972; Beach, 1983). The meal has dark colour 

with 6-11% moisture content and 300 to 1800 ppm residual hexane (Beach, 1983; Dahlen and 

Lindh, 1983). This desolventization of meal is the main source of solvent loss (Dahlen and Lindh, 

1983). 

  
 The solvent from the oil is removed in rising film evaporators and vacuum distillation 

(Serrato, 1981). The hexane containing oil (miscella) is sent to a double effect shell-and-tube 

rising film evaporator, where 90% of the hexane is removed (Anjou, 1972). The rest of the 

hexane and moisture in the oil is removed in stripping tower under vacuum (100 torr) at 110 oC 

(Anjou, 1972; Beach, 1983). The extracted oil is sent for degumming which removes the 

phosphatides by treating the oil with a small amount of water (2%) or a dilute acid solution 

(Caviedes, 1996). Mostly the oil is super degummed (acid degummed) by using 2500 ppm 

H3PO4, or 1500 ppm citric acid or maleic acid and the oil is separated in a continuous centrifuge 

which is dried in vacuum at 80 oC (Caviedes, 1996). 
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 Despite recent developments in the techniques for minimizing volatile organic 

compounds (VOC) emissions, the food industry is still responsible for about 7.5% of the mass 

emissions from stationary sources (Valentin, 1992). Vegetable oil sector is mainly responsible for 

the high VOC emission level. According to Mustakas, (1980) solvent consumed was 4-8 

litres/ton for American plants of soybean seed oil processing. On this basis the annual level of 

hexane emission from the soybean oil industries could be 210-430 million litres. It is also 

reported that a well-designed plant in Canada lost about 1.5 liter hexane/ton of processed 

rapeseed (Embong and Jelen, 1977). Besides, environmental problems, hexane is highly 

inflammable and in spite of precautions, there is still danger of severe accidents (Mustakas, 

1980). With all limitations, still the Soxhelt type hexane extraction is the most widely used 

method for recovery of higher oil yields on industrial scale.   

 
          There are considerable efforts being made to introduce enzyme- based approaches for the 

extraction of oils from natural sources of plants and vegetables.  Enzymatic treated extraction of 

oil has got much importance to enhancing the yield in extraction techniques (Rosenthal et al., 

1996). Several researchers studied the use of enzymes in oil extraction process (Dominguez et al., 

1994; Che Man et al., 1996; Tano-Debrah and Ohta, 1997; Sharma et al., 2001; Latif et al., 

2007). The main purpose of using the enzymes in oil extraction process is to hydrolyze the cell 

wall of oilseeds. The most commonly used enzymes for the oil extraction, are cellulase, -

amylase, and pectinase (Rosenthal et al., 1996).  

 
 There are two commonly used processes for enzymatic oil extraction: enzyme-assisted 

aqueous extraction (EAAE) and enzyme-assisted cold pressing (EACP) which have advantage 

over conventional oil extraction. The enzymatic action is reported to improve the oil yield in 

enzyme-assisted aqueous extraction by degrading the seed cell wall, and rupturing the 

polysaccharide-protein colloid which may cause emulsion formation, resulting in low oil 

recovery. Sosulski et al., (1990) demonstrated the effect of enzymatic hydrolysis to improve oil 

extraction using hexane from canola seeds. They observed that carbohydrase hydrolysis of canola 

seeds enhance oil yield and complete extraction in short time as compared by conventional 

solvent extraction. Hexane extraction was found to be effective by further grinding of treated 

flakes. The enzyme-mixtures with mixed activity were found to be superior to individual 

enzymes to enhance the oil extraction efficiency. Sharma et al, (2001) reported the effects of 
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various enzymes on the amounts of oil extracted from rice bran. The oil yield was compared with 

Soxhlet extraction with hexane. Extraction of oil from bran without the addition of enzyme did 

not show any oil recovery. To achieve significant oil recovery synergistic effects of amylase, 

cellulase, and protease can play an efficient role to enhance the production of oil (Sharma et al, 

2001).  Gaur et al., (2007) investigated enzyme assisted oil extraction of rice bran with the 

benefit, firstly enzyme results in larger production oils, which generally lowers the production 

costs and secondly to switch over from multistep protocols to fewer steps methodology. The cost 

effective extraction of oils with enzymes was also reported by Chase, 1994; Mondal et al., (2003) 

and Sharma et al., (2003). Enzyme assisted extraction of oil from rice bran has the potential of 

yielding reusable enzymes derivatives (Roy et al., 2004). 

 
 A similar study on soybean, reported an increase (8-10%) in oil yield and in sunflower oil 

effect was observed up to 4% (Dominguez et al., 1995b; Dominguez et al., 1993) by using 

different commercial enzymes. Another two, cellulase and protease enzymes were employed for 

soybeans (Fullbrook 1983; Rosenthal et al., 1996). Enzyme releases protein and oil whereas 

hexane in aqueous slurry improves the oil yield up to 90% (Fullbrook 1983). An improvement in 

the amount of oil was observed by Bhatnagar and Johari, (1987) for some oilseeds after having 

treated with enzymes of origin of thermophilus moulds. Twenty percent improvement was 

observed in the oil yield from sheaf tree kernels by treating with a mixture of proteases and 

carbohydrases (Tano-Debrah and Ohta, 1994; Tano-Debrah and Ohta 1995a; Tano-Debrah and 

Ohta 1995b). 

 An advanced method namely supercritical fluid extraction (SFE) has been developed for 

oil extraction from vegetable oil resources by using carbon dioxide instead of organic solvents 

(Eggers et al., 1985; Eggers and Sievers, 1989; Reverchan, 1994). Carbon dioxide is harmless 

and non-flammable medium and a substitute of organic solvents like hexane etc. SFE is a fast and 

efficient method than solvent extraction and better quality oil is obtained with negligible 

phosphatides contents and lower peroxide value (Eggers and Sievers, 1989). Pre-pressing can be 

incorporated with SCE because pressed sample can only be extracted with SFE (Eggers and 

Sievers, 1989). The oil saturated with CO2 is recovered after decreasing the pressure or 

temperature (Eggers and Sievers, 1989; Reverchan, 1994).  There are also some disadvantages of 

this technology because the SFE extraction plant is economically expensive than that of 

conventional plant (Eggers and Sievers, 1989; Reverchan, 1994).  The operational costs of this 
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process can be minimized which also stands higher than solvent extraction plant (Eggers and 

Sievers, 1989; Reverchan, 1994). 

 
             Sarmento et al., (2006) used (SFE to extract oil from rice bran. It is a friendly technique 

with safety of solvent contamination and chemical modifications, problems that may occur in 

conventional extraction (Kim et al., 1999). The extraction with supercritical fluids is usually 

performed by two ways: selective extraction and selective separation.  Shen et al., (1996) 

assessed the effects of temperature, pressure and extraction time of the rice bran oil extracted 

with supercritical carbon dioxide. An increase in the temperature up to 40 ºC, increases the 

extraction of the rice bran oil. The highest extraction yield achieved   at 310 bars and 40 ºC. 

 
            Rice grain is low in lipids (i.e., 2-3%) which are mostly concentrated in the germ and bran 

fractions (Zhou et al., 2002). The hexane-extractable lipid content of rice ranges from 0.38 to 

2.98%, however it may reach as high as 3.5%, if extracted with ethanol (Khatoon and 

Gopalakrishna, 2004). Rice lipids have very high smoke point of 254 °C making it suitable for 

high-temperature cooking purposes. The surface lipid content of rice is thought to be a potential 

indication for the degree of milling (Siebenmorgen et al., 2006). Besides, rice lipid often develop 

complexes with starch granules (Juliano, 1983), which affect the gelatinization of starch, water 

accessibility of starch, and thus influenced rice eating and cooking qualities (Tester and 

Morrison, 1990). The by-product of rice, the rice bran, contains appreciable amount of lipids (15-

20%), which contain major fractions of functional food components of rice (Yoshida et al., 

2011).  

 
            According to the research studies conducted in the last few decades various methods have 

been employed for the extraction of lipids from the rice and rice bran to explore these as a source 

of high-value bioactives for value-addition. Lam and Proctor, (2001) compared Soxhlet 

extraction method viz vortex rapid extraction method for surface rice lipids and reported the yield 

of surface lipids with Soxhlet (0.83%) and with vortex (0.86%). According to study of Lilitchan 

et al., (2008), for the lipid extraction from bran layer of rice, conventional classical methods 

(Soxhlet and Soxhtec) produced greater yield (21.3%) as compared with the partial extraction 

method (vortex shaking) yield (20.2%) using the same solvent n-hexane. Yoshida et al., (2011) 

extracted lipids from rice bran using Folch procedure with chloroform/methanol (2:1, v/v). 
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   2.8 Rice Antioxidants/High-Value Components/Bioactives and their 
      Characterization 
 
            Rice contains several primary as well as secondary metabolites including mono and 

diglycerides, phospholipids, sterols and phenolic compounds, fat soluble vitamins, pigments, 

fatty alcohols, and tocopherols (Lawson et al, 1997). Mono and diglycerides are important as 

emulsifier and are frequently used in food. They are produced by reaction of glycerol and 

triglycerides or by the esterification of glycerol and fatty acids (Qadir et al., 2006). According to 

Chen and Bergman, (2005) several important antioxidants including the tocols, phenolics and 

oryzanol with potential multiple biological activities can be extracted from rice. Tocol 

compounds mainly comprise four homologs (α, β, γ and δ) each of tocopherol and tocotrienols of 

vitamin E (Akihisa et al., 2000; Jariwalla, 2001). In biological membranes vitamin E is 

recognized as a principle chain-breaking antioxidant (Ricciarelli et al., 2001). It acts as a 

scavenger of free radicals and also protects cell membrane by preventing the oxidation of the 

unsaturated fatty acids (Komiyama et al., 1992; Nesaretnam et al., 1998).  Gamma -oryzanol (γ-

oryzanol) mainly comprises ferulic esters which have strong antioxidant properties (Sierra et al., 

2005). Important rice bioactives are discussed below in detail. 

 
2.8.1 Rice Phenolics 

       
            There are many phenolic substances in plant and food materials. Rich source of phenolic 

compounds include fruits, grains, vegetables, like berries, grapes, tea, rice, wheat and processed 

foods (Proteggenete et al., 2002). 

 
 Phenolic compounds have been recognized as the secondary metabolites, abundantly 

distributed in vegetables, cereals, grains with many classes, sub-classes and hundreds of 

compounds phenolic acids, flavonols, flavones, flavanones, isoflavones and anthocyanidins 

(Stalikas, 2007). The most renowned compounds are the phenolic acids, flavonoids and the 

flavonoids derivatives. Different plant phenolic acids and flavonoids (> 5,000) are equally 

abundant, existing both as derivatives and bound to insoluble components (Ghasemzadeh et al., 

2011). They do not participate in growth and energy metabolic activities and are usually produced 

in response to environmental stress. Phenolic compounds got nutritional focus since the early 

1980s when epidemiological studies established that food rich in phenolics greatly reduced the 
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risk of chronic diseases (Kris-Etherton et al., 2002). It takes considerably longer time to prove the 

essentiality of phenolic compounds to humans.  

 
 Polyphenols present in many foods and vegetables are regarded as the functional food 

materials, have antioxidant capacity. These phytochemicals reduce many chronic diseases such as 

cardiovascular diseases, certain cancers, diabetes and obesity and also perform function to reduce 

blood cholestrol (Jonathan and Kevin, 2006; Liu, 2007; Yawadio et al., 2007) Phenolics are 

present in many grain crops and vegetables like rice, wheat, barley etc. From last few years, there 

lies a growing concern in the search of the bioactive compounds because of their antioxidant 

activity (Lai et al., 2009; Shen et al., 2009; Butsat and Siriamornpun, 2010; Tananuwong and 

Tewaruth, 2010; Zhang et al., 2010). Some recent studies  reveal  that phenolic contents in bran 

of different grains are  higher as compared to those in whole-grain mass (Butsat and 

Siriamornpun, 2010; Goffman and Bergman, 2004; Kong and Lee, 2010; Mattila et al., 2006; 

Zhang et al., 2010). 

  
 Zhang et al., (2010) compared black rice bran with white rice bran for phenolics and 

anthocyanins, and stated that former has higher antioxidant activity; similar trend was reported by 

Goffman and Bergman (2004). The interest in health benefits of whole grain rice may lead to 

further improve nutrient content in the grain. Examples are the transgenic improvement of 

nutrients of β-carotene (Yen et al., 2000) and folate (Bekaert et al., 2008) in rice grain. Shen et 

al., (2009) demonstrated that surveying rice varieties or genotypes could sort out some rice 

materials high in the total phenolics, flavonoids contents and antioxidant capacity. 
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another in the position and number of methyl groups on the phenol ring. There is a series of 

corresponding tocotrienols in which the 16-carbon side chain is unsaturated. The eight 

compounds collectively known as tocols are sometimes called tocopherol isomers. Tocols are 

natural antioxidants, the higher levels in unsaturated vegetable oils thus offering greater 

protection against oxidative stress. Tocotrienols have greater antioxidant potential than 

tocopherols and further delta tocopherol is more potent antioxidant (α) alpha, and (γ) gamma 

(Shahidi, 1997). Tocols also have vitamin E potency, and in contrast with their antioxidant 

potential alpha tocopherol has the greatest vitamin E activity. The concentration of tocols varies 

from oil to oil. As tocopherols are antioxidant, their concentration will fall as an oil ages or 

becomes oxidized. Processing also reduces their levels (Bandarra et al., 1999). Numerous studies 

have shown that tocopherols and tocotrienols have protective effect against diseases. Tocopherol, 

especially tocotrienols are known to give protection against heart attack and have anticancer 

properties. Alpha tocotrienol is also reported to suppress the elevation of cholesterol level in 

blood and prevent aggregation of blood platelets (Qureshi et al., 2002). 

 
            Quantitative analysis of rice oil represents amount of vitamin E ranging from 0.1-0.14% 

which could substantially vary depending upon the natural habitat of the rice (Diack and Saska, 

1994; Hu et al., 1996; Lloyd et al., 2000). A number of methods have been developed for the 

extraction of vitamin E, tocopherols and tocotrienols components from rice; these include  

Soxhlet extraction, Supercritical fluid extraction and solvent extraction (Anwar et al., 2005; 

Sarmento et al., 2006;  Christianne et al., 2007). A newly developed extraction method, namely 

microwave- assisted extraction, which has overcome some limitations and drawbacks related to 

the conventional extraction techniques, is also in use (Duvernay et al., 2005). While processing 

polar and non-polar solvents can be exercised to achieve a comprehensive extraction. Extraction 

of rice and rice bran using microwave-assisted technique can be completed comparatively in 

short time (Eskilsson and Bjorklund, 2000; Ondruschka and Asghari, 2006). Once vitamin E 

vitamers is extracted, isolated and purified, can be delivered in many forms, in free form, as a 

derivative i.e. tocopheryl acetate, in emulsion form and in nanoencapsulated structures (Uhrich et 

al., 1999; Lamprecht et al., 2001; Mu and Feng, 2003). Tocopherols are sensitive to some 

common factors like oxygen, temperature and light. Therefore, entrapment of tocopherols may 

result into their better efficacy in drugs (Redhead et al., 2001; Mainardes et al., 2005). Brigelius-

Flohe and Traber, (1999) correlated the vitamin E component tocopherol functional activity as a 
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chain-breaking antioxidant that retard the activity of free radicals. The role of tocopherols as an 

antioxidant is purely based upon the substantive nature of α-tocopheroxyl radical, generated by 

losing the hydrogen radical from phenolic moiety. The newly generated radical can couple with 

radicals resulting in a terminated product (Bramley et al., 2000). The analytical methods most 

commonly used for detection and determination of tocopherols are: spectrophotometry, 

chromatography, fluorometry, and light-scattering (Bramley et al., 2000). Parkhurst and Skinner, 

(1981) reviewed in detail the chemistry of tocopherols and tocotrienols.  In pure form tocopherols 

are yellow viscous liquids that can easily decompose in the presence of oxygen, alkaline pH, or 

traces of transition metal ions. They are readily soluble in alcohol and other similar solvents and 

insoluble in water, and also soluble in vegetable oils (Chun et al., 2008). Vitamine E isomers i.e. 

tocopherols and tocotrienols show comparatively low absorption intensities of UV light, with 

maximum absorption in the range 292-298 nm in ethanol (Chun et al., 2008). It has also been 

reported that for α-tocopherol, the excitation and emission wavelengths are 295 and 330 nm, 

respectively, while for the other tocopherols isomers these are slightly of longer value. Natural 

isomers of tocopherols and tocotrienols are more biologically effective than synthetic (Shin et al., 

1997).  Aguilar-Garcia et al., (2007) evaluated three different varieties of Venezuelan rice, 

namely, Cimarro´ n, Zeta 15 and FONAIAP-1, for the levels of various antioxidants in rice bran 

and brown rice powder. The results of evaluation shows that rice varieties contained diverse 

combinations of total polyphenols, γ-oryzanol, alpha and γ-tocopherols etc. Sarmento et al., 

(2006) analyzed rice extracts by HPLC to quantify tocopherols and tocotrienols. Several high 

performance liquid chromatography (HPLC) methods used for the analysis of tocopherols from 

rice have been reported with details in table 2.3. 
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Table 2.2 Chemical Structure of Some Rice Tocopherols (Shin and Godber, 1994) 
 

No. Chemical Structure Name Formula M.W 

1 

 

α-Tocopherol C29H50O2 430.69 

2 

 

β-Tocopherol C28H48O2 416.66 

3 

 

γ-Tocopherol C28H48O2 416.66 

4 

 

 δ Tocopherol C27H46O2 402.64 
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Table 2.3 High Performance Liquid Chromatography (HPLC) Analysis of Tocopherols 
 

Mobile Phase Flow 
Rate 

Column Detector Reference 

Acetonitrile:Methanol:Isopropanol 
(50:45:5) 

1.5 mL/min Column packed with 5um 
ODS C18 Hypersil Silica 

 

Fluorescent Detector  
Ex = 298 nm  
Em = 328 nm 

Iqbal et al., (2005) 

Hexane-Isopropanol 
(99:1) 

1.3  mL/min Zorbax RX-SIL, 5-mm 
particle size, 4.6-mm 

ID 3 25 cm 

UV Detector,  
wavelength 295 nm 
 

Katsanidis and Addis 
(1999) 

Acetonitrile:Methanol:Isopropanol 
(25:70:5) 

0.8 mL/min Nova-Pak C18 column 
(3.9 x 150 mm, 4 mm) 

 

Fluorescence at the 
Excitation =298 
Emission = 328 nm 

Chen and Bergman, (2005) 

Methanol:Acetonitrile:Dichlorometha
ne 

(50:44:6) 

 
1.0 mL/min 

Mightysil RP-18 GP  
(4.6×250 mm, 3 um) 

Fluorescence Detector 
Excitation =290nm 
Emission  =330 nm 
. 

Xu et al., (2001) 
Chotimarkorn et al., (2008) 

Heptane:Isopropanol:Acetic acid 
(99:1:0.1) 

0.5mL/min LiChrosorb Diol 
(5 um, 100×3.0 mm) 

Fluorescence Detector 
Excitation  290 nm 
Emission 325 nm 
 

Nystrom et al., (2007) 

n-hexane:Isopropanol 
(99.01:0.9) 

1.0 mL/min Lichrosorb Si60 
(25 cm×4 mm, 5 um) 

 

Fluorescence Detector 
Excitation =285nm  
Emission =325nm  
 

Chun et al., (2008) 

Acetonitrile:Methanol:Water 
(60:35:5) 

1.0 mL/min C18 column 
(5 um, 25 cm×4.6 mm) 

Fluorescence Detector 
Excitation =298 
Emission = 328 nm 

Rohrer and Siebenmorgen 
(2004) 

Hexane:Ethyl acetate:Acetic acid 
(99:0.5: 0.5) 

1.8 mL/min 
 

Finepak SIL NH2 
(4.6 mm I.d X 250 mm) 

Fluorescence Detector 
Excitation  290 nm 
Emission 325 nm 

Schramm et al., (2007) 

Hexane: Ethyl acetate: Acetic acid 
(98.4:0.8:0.8) 

1.5mL/min 
 

LC-Si (25 cm × 4.6 cm i.d 
5 um) 

Fluorescence Detector 
Excitation  290 nm 

Zigoneanu et al., (2008) 
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Mobile Phase Flow 
Rate 

Column Detector Reference 

  Emission  330 nm 
Methanol:Acetonitrile: 

(15:85) 
2.0mL/min  250×4.6 mm Synergi 

Hydro-RP 
Fluorescence Detector 
Excitation =285nm  
Emission =325nm  

Aguilar-Garcia  et al., 
(2007) 

n-Hexane:2-propanol 
(99:1) 

1.0 mL/min Lichrospher Si-60 column 
(250×4.6mm i.d.5um) 

Fluorescence Detector 
Excitation =298 
Emission = 325 nm 

       Ha et al., (2006) 

Methanol:Water:Buthanol 
(92:4:4) 

1.5mL/min C 18 column 
(4.60 x 150mm, 4 μm) 

 

Fluorescence Detector 
Excitation =292 
Emission = 325 nm 

Akihisa et al., (2000) 

Hexane:ethyl acetate 
(98.5:1.5) 

0.2mL/min Hypersil APS amino  
( 100 × 2.1 mm I.D) 

UV Detector  
295 nm 

Sanagi et al., (2006) 

Hexane:1,4-dioxane:2-propanol 
(100:40:5) 

1.0 mL/min  
 

Inersil SIL 100A-5 
(4.6× 250 mm) 

 

Fluorescence Detector 
Excitation =294 
Emission = 336 nm 

Sookwong et al., (2007) 
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2.8.3 Rice Fatty Acids  
 
 Fatty acids are the basic building block of all lipids as triglycerides comprises 

predominantly of fatty acids. The knowledge of the amount and type of fatty acids in the 

triglycerides is widely regarded as a useful criterion, because of the chemical tests for oil identity, 

purity can be related to the fatty acid composition (Rossell, 1991). Both, the physical and 

chemical characteristics of the oil are influenced by the kind and proportion of the fatty acids and 

the way in which they are positioned on the glycerol moiety. Fatty acids occurring in the 

vegetable oil and fats are classified according to their degree of unsaturation. Fatty acids can also 

be classified as short chain, medium chain and long chain fatty acids. Generally, short chain fatty 

acids are those containing 4-10, medium chain containing 12-14 and long chain fatty acids 

containing 16 or more than 16 carbon atoms. Fatty acids can also be classified as essential and 

non-essential fatty acids (Rossell, 1991). Fatty acid composition of rice mainly comprising oleic 

acid (38.4%), linoleic acid (34.4%) and alpha-linolenic acid (2.2%) as unsaturated fatty acids, 

and palmitic (21.5%) and stearic (2.9%) acids as saturated fatty acids (Chotimarkorn et al., 2008). 

 
 McPherson and Spiller (1995) studied whole grain rice for lipid contents (2-3 %). Grains 

generally have lipids about 75 % unsaturated, comprised of nearly equal amounts of oleic and 

linoleic acid and 1-2 % of linolenic acid. The function of these important fatty acids of a heart-

healthy diet is known to reduce serum cholesterol. However, the type and quantity of fat used is 

very important. If the fat is unsaturated, low density lipids (LDL) value and total cholesterol 

decreases, but increases when the fat is saturated. Individual fatty acids (stearic acid, oleic acid 

and linoleic acid) are related to function of lowering total LDL-cholesterol. Studies show the 

cholesterol-lowering effect of grain lipids or high lipid bran products (Saikia and Deka, 2010). 

 
  Dietary fat plays a key role in regulating the levels of cholesterol and there is devastating 

evidence to reduce the cholesterol.  Certik and Shimizu, (1999) stated that for normal functioning 

of nervous, immune and inflammatory, cardiovascular, endocrine, respiratory and reproductive 

systems, polyunsaturated fatty acids play a key role in the body. Fatty acids also known for their 

functions in membrane fluidity and therefore modulate changes in function of receptors, 

transporters and enzymes (Calder, 2003). Rice bran oil mainly contains linoleic acid and oleic 

acid (Bernal et al., 2010). In spite of low amount of polyunsaturated fatty acids, studies have 
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revealed that rice bran oil has significant hypocholesterolemic effect in living biological systems 

as compared to other oils (Saikia and Deka, 2010). The effect has been attributed to components 

like tocopherols, tocotrienols, oryzanol and fatty acid (Jariwalla, 2001). Researchers evidently 

proved that unsaponifiable fractions in rice bran oil can compensate the high value of saturated 

fats and play a leading role in lowering the level of cholesterol (Bernal et al., 2010) 

 
 Marco et al., (2006) also stated that rice is a natural source of unsaturated fatty acids, 

having more than 20% of oil. The high content of lipids in rice bran limits its use as a source of 

essential fatty acids, because the possibility of rapid rancidity, therefore it is very necessity to 

stabilize, immediately after production. 

 
              Usually, rice oil has oleic acid (38.4%), linoleic acid (34.4%) and linolenic acid (2.2%) 

and saturated fatty acids palmitic (21.5%) and stearic acid (2.9%) (Rukmini and Raghuram, 

1991). Rice oil has an amount of 75% unsaturated fatty acids with 35% linoleic acid (CAC, 

2003). The saturated, monounsaturated and polyunsaturated fatty acids are in the ratio of 

approximately 1:2.2:1.5 (Shin and Chung, 1998; Krishna, 2002). Amarasinghe and 

Gangodavilage (2004) investigated that major fatty acids palmitic, oleic and linoleic comprised 

up to 90% of the total fatty acids composition of the rice oil. Fatty acid compositions of rice oil 

investigated using gas chromatography (GC) and gas chromatography-mass spectrometry (GC-

MS) have been presented in table-2.4.  
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Table 2.4 Fatty Acids of Rice Oil Analyzed by Gas Chromatography and Gas 

Chromatography-Mass spectrometry (GC-MS)  

Trivial Name Short 

Name  

Systematic 
Name 

%  

FAs 

Analysis 
Technique 

Reference 

Tetradecanoic acid 
Hexadecanoic acid 
Octadecanoic acid 
9-Octadecenoic acid   
9,12-Octadecadienoic 
acid 
9,12,15-
Octadecadienoic acid  
Eicosanoic acid 
Ocosanoic acid 

C14:0 
C16:0 
C18:0 
C18:1 
C18:2 
 
C18:3 
 
C20:0 
C22:0 

Myristic acid 
Palmitic acid        
Stearic acid          
Oleic acid            
Linoleic acid        
 
Linolenic acid      
 
Arachidic acid     
Behenic acid        

0.6 
21.5 
2.9 

38.4 
34.4 

 
2.2 

 
- 
- 

Gas Liquid 
Chromatography 

Orthoefer, 1996 

Hexadecanoic acid 
Octadecanoic acid 
9-Octadecenoic acid 
9-12-Octadecadienoic 
acid 
Triacontanoic acid 

C16:0  
C18:0 
C18:1 
C18:2 
 
C30:6 

Palmitic acid 
Stearic acid 
Oleic acid 
Linoleic acid 
 
Melissic acid 

17.0 
2.1 

39.6 
38.1 

 
0.3 

GC-MS Kim et al., (1999) 

Tetradecanoic acid 
Hexadecanoic acid 
Octadecanoic acid 
9-Octadecenoic acid 
9-12-Octadecadienoic 
acid 
9-12,15-
Octadecadienoic acid 
Eicosanoic acid 

C14:0 
C16:0 
C18:0 
C18:1 
C18:2 
 
C18:3 
 
C20:0 

Myristic acid 
Palmitic acid 
Stearic acid 
Oleic acid 
Linoleic acid 
 
Linolenic acid 
 
Arachidic acid

0.05 
3.9 
0.5 
8.1 
8.4 

 
0.33 

 
0.16 

Gas  Liquid 
Chromatography 

Zhou et al., (2003) 

Hexadecanoic acid 
Octadecanoic acid 
9-Octadecenoic acid 
9-12-Octadecadienoic 
acid 
9-12,15-
Octadecadienoic acid 

C16:0 
C18:0 
C18:1 
C18:2 
 
C18:3 

Palmitic acid 
Stearic acid 
Oleic acid 
Linoleic acid 
 
Linolenic acid 

16.1 
2.1 

42.6 
36.1 

 
1.1 

Gas  Liquid 
Chromatography 

Goffman et al., (2003) 

Tetradecanoic acid 
Hexadecanoic acid 
9-Hexadecanoic acid 
Octadecanoic acid 
9-Octadecenoic acid   
9-12-Octadecadienoic 
acid 
9-12,15-
Octadecadienoic acid  
Eicosanoic acid 
11- Eicosanoic acid 

C14:0 
C16:0 
C16:1 
C18:0 
C18:1 
C18:2 
 
C18:3 
 
C20:0 
C20:1 

Myristic acid 
Palmitic acid 
Palmitoleic acid 
Stearic acid 
Oleic acid 
Linoleic acid 
 
Linolenic acid 
 
Arachidic acid 
Gadoleic acid

0.96 
18.2 
0.61 
1.54 
38.5 
35.6 

 
2.67 

 
1.78 
0.16 

Gas  Liquid  
Chromatography 

Rodrigues et al., (2004) 
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Dodecanoic acid 
Tetradecanoic acid 
Hexadecanoic acid 
9-Hexadecenoic acid 
Octadecanoic acid 
9-Octadecenoic acid 
9-12-Octadecadienoic 
acid 
9-12,15-
Octadecadienoic acid 
Eicosanoic acid 

C12:0   
C14:0 
C16:0 
 C16:1 
C18:0 
C18:1 
C18:2 
 
C18:3 
 
C20:0 

Lauric acid 
Myristic acid 
Palmitic acid 
Palmitoleic acid 
Stearic acid 
Oleic acid 
Linoleic acid 
 
Linolenic acid 
 
Arachidic acid 

0.7 
- 

21.4 
- 

2.8 
46.4 
26.6 

 
1.1 

 
1.0 

Gas Liquid 
Chromatography 

Khatoon and 
Gopalakrishna, (2004) 
 

Tetradecanoic acid 
Hexadecanoic acid 
Octadecanoic acid 
9-Octadecenoic acid 
9-12-Octadecadienoic 
acid 
9-12-15-
Octadecadienoic acid 
Eicosanoic acid 
11- Eicosanoic acid 
Ocosanoic acid 
Tetracosanoic acid 

C14:0 
C16:0 
C18:0 
C18:1 
C18:2 
 
C18:3 
 
C20:0 
C20:1 
C22:0 
C24:0 

Miristic acid 
Palmitic acid 
Stearic acid 
Oleic acid 
Linoleic acid 
 
Linolenic acid  
 
Arachidic acid 
Gadoleic acid 
Behenic acid  
Lignoceric acid    

1.50 
17.0 
2.64 
42.7 
31.6 

 
1.50 

 
1.28 
1.00 

- 
- 

Gas  Liquid 
Chromatography 

Anwar et al., (2005) 

Dodecanoic acid 
Tetradecanoic acid 
Hexadecanoic acid 
9-Hexadecenoic acid 
Octadecanoic acid 
9-Octadecenoic acid 
9-12-Octadecadienoic 
acid 
9-12,15-
Octadecadienoic acid 
Eicosanoic acid 
11- Eicosanoic acid 

C12:0 
 C14:0 
C16:0  
C16:1 
C18:0 
C18:1 
C18:2 
 
C18:3 
 
C20:0 
C20:1 

Lauric  acid 
Myristic acid 
Palmitic acid 
Palmitoleic acid 
Stearic acid 
Oleic acid 
Linoleic acid 
 
Linolenic acid   
 
Arachidic acid 
Gadoleic acid

- 
1.16 

19.57 
0.66 
1.50 
37.6 
35.1 

 
2.65 

 
1.57 
0.15 

Gas Liquid 
Chromatography 

Christianne et al., (2006) 
 

Tetradecanoic acid 
Hexadecanoic acid 
9-Hexadecenoic acid 
Octadecanoic acid 
9-Octadecenoic acid 
9-12-Octadecadienoic 
acid 
9-12,15-
Octadecadienoic acid 
Eicosanoic acid 

C14:0 
C16:0 
C16:1 
C18:0 
C18:1 
C18:2 
 
C18:3 
 
C20:0 

 Myristic acid 
Palmitic acid 
 Palmitoleic  
Stearic acid 
Oleic acid 
 Linoleic acid 
  
Linolenic acid 
 
Arachidic acid 

0.21 
16.4 
0.13 
1.72 
42.4 
36.4 

 
0.80 

 
0.60 

Gas  Liquid 
Chromatography 

Parrado et al., (2006) 

Tetradecanoic acid 
Hexadecanoic acid 
9-Hexadecenoic acid 
Octadecanoic acid 
9-Octadecenoic acid 
9-12-Octadecadienoic 
acid 
9-12,15-
Octadecadienoic acid 
Eicosanoic acid 

C14:0 
C16:0 
C16:1 
C18:0 
C18:1 
C18:2 
 
C18:3 
 
C20:0 

Myristic acid 
Palmitic acid 
Palmitoleic acid 
Stearic acid 
Oleic acid 
Linoleic acid 
 
Linolenic acid 
 
Arachidic acid

3.65 
20.1 
5.53 
6.99 
19.4 
6.92 

 
1.50 

 
0.61 

Gas  Liquid 
Chromatography 

Chotimarkorn et al., 

(2008) 
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Tetradecanoic acid 
Hexadecanoic acid 
Octadecanoic acid 
9-Octadecenoic acid 
9-12-Octadecadienoic 
acid 
9-12,15-
Octadecadienoic acid 

14:0 
16:0. 
18:0 
18:1 
18:2 
 
18:3 

Myristic acid 
Palmitic acid 
Stearic acid 
Oleic acid 
Linoleic acid 
 
Linolenic acid 

0.3 
19.4 
1.7 

45.9 
32.1 

 
0.6 

Thin Layer 
Chromatography, 

Gas  Liquid  
Chromatography 

Alim et al., (2008) 

Tetradecanoic acid 
Hexadecanoic acid 
Octadecanoic acid 
9-Octadecenoic acid 
9-12-Octadecadienoic 
acid 
9-12,15-
Octadecadienoic acid 
Eicosanoic acid 

C14:0 
C16:0 
C18:0 
C18:1 
C18:2 
 
C18:3 
 
C20:0 

Myristic acid 
Palmitic acid 
Stearic acid 
Oleic acid 
 Linoleic acid 
 
 Linolenic acid 
 
Arachidic acid 

0.7 
24.8 
2.0 

37.6 
33.3 

 
1.2 

 
0.5 

Gas Liquid 
Chromatography 

Brenda et al., (2009) 

Tetradecanoic acid 
Hexadecanoic acid 
9-Octadecenoic acid 
9-12Octadecadienoic 
acid   
9-12-15Octadecadienoic 
acid,  

C14:0 
C16:0  
C18:1 
C18:2 
 
C18:3 

Myristic acid 
 Palmitic acid 
Oleic acid 
Linoleic acid 
 
Linolenic acid  

18.1 
1.1 

41.6 
31.1 

 
3.1 

GC-MS Ahmad et al., (2011) 

 
 
2.8.4 Rice Sterols 
  
 The word “steroid” is widely used for compounds consisting of a cyclopentanoperhydro-

phenanthrene nucleus (C17H28). According to this definition if a compound comprising hydroxyl 

group, predominantly at third carbon atom, and with total of 27 to 30 carbon atoms, it is known 

as “sterol”.  

 
 The term “phytosterols” is well renowned for plant based sterols and stanols, in free or 

conjugated form, that are naturally present in plant derived food. Chemically these include 4-

desmethyl sterols and stanols containing a hydroxyl group at C-3 position. Cholesterol and plant 

sterols mainly differ in their structures in the side chain, where plant sterols have an additional 

methyl group (campesterol), ethyl group (β-sitosterol), or double bond (stigmasterol). When the 

sterols are fully saturated, the corresponding molecules are campestanol and β-

sitostanol/stigmastanol (Timothy et al., 2010). Plants are rich source of phytosterols, especially 

found in oilseeds of cereal grains and legumes. These phytosterols are well established to reduce 

blood cholesterol level (Yankah and Jones, 2001). Plant sterols are structurally very similar to 

cholesterol, only differing in their side-chain methyl and ethyl groups. Phytosterols are best 
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soluble in bile-salt micelles in the small intestine than cholesterol which results in the 

replacement of the cholesterol from micelles (Hallikainen et al., 2000). 

 
 Phytosterols are ubiquitous, present both in free and ester derivative forms, in the 

unsaponifiable fraction of most plants (Timothy et al., 2010). The esterified forms usually occur 

with fatty acids, ferulic acid or sugar acids. The usefulness of plant sterols in reducing blood 

cholesterol levels in humans has been known for the last fifty years (Nyström et al., 2007). At 

present, there two major sources of plant sterols are soya oil and tall oil for dietary uses. The 

chemical composition of each plant sterols is different; this difference could afford different 

cholesterol-lowering efficacies in humans (Timothy et al., 2010). 

 
 The principal plant sterols are campstanol, β-sitosterol, stigmasterol, campesterol, and β-

sitostanol. The occurrence of campestanol and β-sitostanol was unexpected, as these saturated 

sterols were not known previously to exist in any appreciable quantities in nature. Sugano et al., 

(1982) compared the efficacy of two sterols β-sitosterol and β-sitostanol in lowering blood 

cholesterol levels in some biological systems. Research revealed that β-sitostanol significantly 

retard cholesterol absorption, which resulted in superior lowering of cholesterol as compared to 

β-sitosterol. An investigation on  phytosterol was conducted by Miettinen et al., (2000) in which 

hypercholesterolemic patients used products containing β-sitostanol ester for the period of one 

year. Considering the results, it was evident that the daily utility of 1.8-2.6 g of β-sitostanol ester 

reduced total blood cholesterol and LDL levels up to 10-14%.  

 
 How much is the exact amount of plant sterols and stanols, required in lowering 

cholesterol to a significant level. is yet debatable.  Although positive effect has been reported 

with significant level for less than 1.0 g/d, intakes of 1-2 g/day are usually suggested. 

Phytosterols have an effective dose response at about 2.5 g/day. The average of sterols present in 

western diet contains an estimated 200-300 mg/day. Vegetarians may consume up to 500 mg/day. 

Increased use of whole-grain consumption would rather increase total phytosterols intake and 

potentially reduce cholesterol. Phytosterols have relatively high concentration in plant oils, 

legumes, nuts, and seeds whereas moderate level of sterol is present in cereal grains, fruits, and 

vegetables (Timothy et al., 2010). However, due to the high consumption of cereal products in 

humans, a sufficient quantity of phytosterols is uptaken by the users (Valsta  et al., 2004). 
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             The quantity of plant sterols available in grain processing residues is appreciable ranging 

minimum amount 30,000 to 65,000 tons annually (Wong, 2008). Furthermore, this production of 

plant sterols from grain processing residues not compromising food or fuel use of these grains 

(Wong, 2008). In rice β-sitosterol, stigmasterol and campesterol are major phytosterols 

abundantly distributed in rice. Rice oil contains the highest contents of phytosterols among 

various vegetable oils, which is approximately twice of rape oil and 20 times greater than that of 

palm oil (JAS, 1994).  Vissers et al., (2000) examined the effects of plant sterols derived from 

rice bran oil in humans to define the structural elements responsible for lowering the blood 

cholesterol level. According to this study, results revealed that 2.1 g plant sterols/day taken from 

rice bran oil lowers serum total cholesterol by five percent and low density lipoprotein 

cholesterol by nine percent. 

 

According to the reported values of Piironen et al., (2004) a total amount of sterols was 

found 32.25 g/kg in crude bran oil and 10.55 g/kg in refined oil with highest value of β-sitosterol 

(17.45, 5.71 g/kg) followed bycampesterol (6.58, 2.15 g/kg), stigmasterol (2.52,0.58 g/kg) and 

avenasterol (3.55, 1.16 g/kg). Chen et al., (2007) reported sterols composition of sixteen 

genotypes of rice oil with β-sitosterol  maximum in composition (20-80%) then campesterol (5-

15%), cycloartenol (> 3%) and methyl cycloartenol (< 5%). Gaydou and Finimanana, (1980) 

analyzed eight different sterols in rice oil using gas chromatograph, revealing  composition  of β-

sitosterol (53-59%), campestero (16-26%) and stigmasterol (10-13%). Anwar et al., (2005) 

determined sterols composition of five rice bran oils of Pakistani origin, mainly comprising 

campesterol (10-19%) stigmasterol (14-19%), β-sitosterol (49.30-58.20 %), and ∆5-avenasterol 

(8-13%). The composition of major sterols of the investigated rice bran oil were quite comparable 

with the sterol composition in soybean, ground nut, rapeseed oils and wheat grain respectively, 

whereas, have significant variations with common vegetable oils (Rossell, 1991;Toivo et al., 

2000).  

 
 In foods, a number of analytical procedures are available for the analysis of naturally 

occurring or supplementary sterols. Sterols exist as minor natural food components with 1% or 

less; whereas enriched functional food products may be as high as 8%. Quantitative 

determination of phytosterols and phytostanols as their trimethylsilyl (TMS) derivatives in the 
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presence of an internal standard can be performed by capillary gas chromatography (GC) 

equipped with a flame ionization detector (FID) (Toivo et al., 1998). In addition to quantitative 

analyses of sterols in the sample, the gas chromatograph analysis provides information related to 

the distribution of individual sterols components and their possible degradation products (Toivo 

et al., 1998).  

 
 Fenton, (1992) reviewed the chromatographic analysis of cholesterol.  Plant sterols can 

similarly be analyzed using same protocol. In most laboratories, capillary columns have replaced 

the packed columns, because the former cannot offer the better separation needed in the analysis 

of plant sterol. Most of the common sterols cannot be separated using the conventional packed 

columns. Smith et al., (1996) reported that both, β-sitosterol and lanosterol are co-eluted in 

packed column while they are better resolved and separated by modern capillary columns. 

Phillips et al., (1999) demonstrated that new capillary column based GC protocols are able to 

separate sterols from their corresponding stanols. Exceptional separation occurs with the 

commonly used stationary phases, which include 14% cyanopropyl-phenyl-methylpolysiloxane 

(DB-1701) and 5% diphenyl-95% dimethylpolysiloxane (OV-5) (Phillips et al., 1999).  

 
  According to Toivo et al., (2000) trimethylsilyl (TMS) ethers are most common 

derivatizing chemicals used for plant sterols to derivatize them, which execute analysis through 

higher   thermal stability and improved peak type. Generally, a number of methods which do not 

follow through derivatization have been recommended (Kovacs 1990; Tvrzicka et al., 1991). 

Methods normally used for plant sterol analysis, usually include the use of an internal standard in 

the literature, proposed internal standards include 5-alpha-cholestane, cholesterol, cholestanol 

and betulin.  Toivo et al., (2000) purposed the use of internal standard to the sample at the initial 

possible stage to balance the losses which occur while extraction procedure, transfers and 

derivatization.  Tvrzicka et al., (1992) suggest that he separation of esterified and unesterified 

sterols and stanols is necessary for the mixtures of phytosterols, phytostanols and their esters. 

This may be achieved possibly by operating thin layer chromatography (TLC) or solid phase 

extraction. The fraction containing free phytosterols and phytostanols can be quantified by 

separating them from the esters and other fat and oil components by thin layer chromatography 

(TLC). 
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and has been recommended for many pharmaceutical uses such as for growth acceleration, 

regulation of estrous cycle and an effective antioxidant compound. Norton, (1995) reported that 

the complete oryzanol group is unique to rice bran oil and the exact composition of oryzanol 

depends on the rice cultivars.  Almost ten different fractions of γ-oryzanol isomers from rice have 

been successfully identified and isolated using reverse-phase HPLC (Xu and Godber, 1999). γ-

oryzanol has shown physiological properties such as antioxidant activity, superoxide dismutase 

and hypocholesterolemic effects in animal and human models (Gerhardt and Gallo, 1998; Visser 

et al., 2000). In addition to the health benefits, of γ-oryzanol it has also been reported as a 

potential additive in many food items, pharmaceuticals and cosmeticeuticals (Lloyd et al., 2000). 

 
 The antioxidant property of γ-oryzanol, possibly due to its ferulic acid structure, accounts 

for the nutritional function of this compound. Xu and Godber, (2000) investigated the antioxidant 

activity of the three major components of γ-oryzanol and reported that their antioxidant activity 

was lower than that of α-tocopherol in protection against linoleic acid peroxidation. Oryzanol is 

known to be a powerful inhibitor of the formation of the iron-driven hydroxyl radicals and also a 

natural antioxidant that possess potential antioxidant activity both in vivo and in vitro (Akihisa et 

al., 2001). 

 
           The content of γ-oryzanol (115-780 ppm) differs with the source of rice oil, depending on 

the degree and possibly the method of processing (Rogers et al., 1993). Azrina et al., (2008) 

analyzed the oryzanol concentration in rice and reported that it may depend on varieties, 

processing methods, extracting solvent employed and ratio of extracting solvent to bran and 

extracting solvent temperatures as well. This study also reveals that oryzanol in rice is a source of 

antioxidant. The superior heat-stability of rice oil can best be explained to its high content of 

oryzanol (steryl ferulates) and tocopherols. As antioxidants, it has been investigated that these 

compounds have a synergistic effect. Further, it has been suggested that decrease in antioxidant 

activity of β-sitostanyl ferulate is lower than α-tocopherol, indicating that β-sitostanyl ferulate is 

a potential antioxidant at high temperature. Luh et al., (1991) also reported that oryzanol present 

in rice bran oil  have function related to tocols in promoting growth, facilitating capillary growth 

in skin and improving blood circulation along with stimulating the hormonal secretion. The 

oryzanol and vitamin E isomers are unique complex of naturally occurring antioxidant 

compounds of unsaponifiable fraction of crude rice bran oils. Rogers et al., (1993) 
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simultaneously identified and quantified oryzanol and vitamin E in rice bran oil using reverse 

phase HPLC. According to a thorough analysis made by HPLC methods, (Table-2.7) it has been 

verified that γ-oryzanol is a mixture of several components (Figure-2.6) (Diack and Saska, 1994; 

Norton, 1995). In one of the study by Rogers et al., (1993) four major components of oryzanol 

were successfully separated. 

 
 While the process of oil saponification, caustic refining of rice oil removes the oryzanol 

from the oil to the soap stock. This compound may be recovered by solvent extraction at pH 9.5 

(Seetharamaiah and Prabhakar, 1986). Oryzanol can be purified and crystallized using methanol-

acetone solvent, producing a compound with antioxidant properties similar to tocopherols (Hu et 

al., 1996). In another study Nicolosi et al. (1994) reported that major part of the oryzanol and 

tocotrienols are lost during the oil refining process. In a study Roger et al., (1993) compared the 

range (0.115-0.787 mg/g of oil) of oryzanol concentration in five different brands of commercial 

rice oils. Azrina, et al., (2008) quantified the higher level of γ-oryzanol in rice oil as compared to 

the earlier investigations such as 12.8-13.9 mg/g (Hu et al., 1996), 9.8 mg/g1 (Xu and Godber, 

1999), 14 mg/g (Zhao et al., 1987), 12.2 mg/g (Nicolosi et al., 1994) and 2.4-3.1 mg/g (Shin and 

Godber, 1997) employing different extracting solvents and extraction techniques. The high 

extraction of γ-oryzanol might have been due to the use of solvent ratio of 3:2 

chloroform:methanol mixture (Azrina, et al., 2008), where oryzanol in polar (Qureshi et al., 

2000)  non-polar (Xu and Godber, 1999)  lipid fractions were extracted.  Seetharamaiah and 

Prabhakar, (1986) also extracted a higher concentration of γ-oryzanol using chloroform:methanol 

mixture (2:1). In addition to the type of the extraction solvent other factors such as solvent to 

material (rice bran) ratio and extraction temperatures may also affect the extractability of rice 

lipid and some of its minor components (Hu et al., 1996). Diack and Saska, (1994) found that 

during the separating process of antioxidants from rice bran such as vitamin E and oryzanol 

compounds, their concentrations also changed substantially depending upon the origin of the rice. 

 
 Masao and Yoshizane, (1968) patented a process for extraction of about 85% pure 

oryzanol from rice bran using a two-step leaching method. In their process all the major 

impurities, mainly soap, were separated from soap stock using solvents such as methanol or 

ethanol and carbon dioxide was simultaneously passed through the mixture. This process proved 

to be having the advantage of using less unit operations with sufficient quantity of solvent for 
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proficient removal of impurities. Takeshi, (1969) reported eight steps based patented process for 

oryzanol extraction from rice bran. In this process oil was converted to acid form using sulfuric 

acid; the acid oil then converted to fatty acid methyl esters with and finally the fatty acid methyl 

esters were removed by distillation. The residue was leached with n-hexane, methanol, and 

methanolic alkali. The major drawbacks of this process were number of unit operations involved. 

According to Indira et al., (2005) rice oryzanol can be obtained at up to 40-45% (w/w) purity 

with recovery 80% (w/w). Tsuchiya et al., (1957) extracted 60% (w/w) pure oryzanol with 2.5% 

(w/w) yield from 100 kg rice bran oil. Another four-step based procedure was reported by 

Mingzhi and Yanyan, (1997) for the extraction of oryzanol from rice bran. The oryzanol obtained 

at the end of this process was 98% (w/w) pure with a yield of 1.9% (w/w). Narayan et al., (2006) 

obtained oryzanol with 65% (w/w) purity, and with 70% (w/w) yield using unsaponifiable 

material of rice bran. 
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        Table 2.7 High Performance Liquid Chromatography (HPLC) Analysis of Gamma Oryzanol 

 

Mobile Phase Flow Rate Column Detector Reference 

Methanol : Acetonitrile 
(15:85 v/v) 

2 mL/min Synergi Hydro-RP  
(250× 4.6 mm , 5um)  

UV Detector, 330 nm. Aguilar-Garcia et al., (2007)

Methanol:Acetonitrile:Dichloro
methane:acetic acid  

(50:44:3:3) 

1.4 mL/min C 18 (150×2.1 mm, 
5um) 

 

UV-Vis  Detector, 330 nm Iqbal et al., (2005) 

Hexane: Ethyl acetate :  Acetic 
acid   

(98.4:0.8:0.8) 

1.5 mL/min Supelcosil LC-Si  
(25 cm×4.6cm I.d 5um) 

Fluorescence Detector 
Excitation  290 nm 
 Emission  330 nm 

Zigoneanu et al., (2008) 

Methanol:Acetonitrile:Dichloro
methane:Acetic acid  

(50:44:3:3) 

2 mL/min ODS Hypersil C18  
(150×2.1 mm, 5um) 

 

UV Detector, 330 nm Schramm et al., (2007) 
 

Acetonitrile:Methanol:Water 
(60:35:5) 1 min 
(60:40:0) 14 min 

1mL/min C18 column  
(5 mm, 25 cm by 4.6 

mm) 

Photodiode-array detectors in 
tandem (325 nm) 

Rohrer and Siebenmorgen, 
(2004) 

Heptane:Isopropanol:Acetic acid 
(99:1:0.1) 

0.5 mL/min LiChrosorb Diol 5 um, 
100×3.0 mm, 

Diode array detector,  315 nm Nystrom et al., (2007) 

Methanol:Acetonitrile:Dichloro
methane:Acetic acid  
(50:44:3:3, v/v/v/v) 

1.0 mL/min Hypersil ODS  
(4.0× 250 mm, 5 um) 

 

UV-Vis Detector, 330 nm Chotimarkorn et al., (2008) 

Methanol:Acetonitrile, 
methanol  0% at 0 min  

 100% at 30 min 

81 mL/min ODS Hyper silica.C-18 
( 5 μm 250mm × 

4.6mm) 

Diode array Detector, 314 nm Kumar et al., (2009) 

Methanol: Acetonitrile: 
Dichloromethane:acetic acid 

(50:44:3:3) 

1.4 mL/min 
 

Nova Pak C18 
(150×3.9 mm,5um) 

 

UV-Vis detector, 330 nm McBride and Evans, (1973). 
 

Acetonitrile: Methanol: 
Isopropanol:Acetic acid 

0.8 mL/min Nova-Pak C18  
 (3.9×150 mm, 4 um) 

UV/Vis  Detector, 325nm Chen and Bergman, (2005) 
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Mobile Phase Flow Rate Column Detector Reference 

(45: 45: 5:5) 
Hexane:tert.-butyl methyl 

ether:Isopropanol 
(95:5:0.5v/v/v). 

200uL/min Eurospher,  
(250×32 mm I.d 100A 

5 um) 

UV Detector, 200 nm and 290 Miller et al., (2003) 

n-hexanes:Ethylacetate 
(97:3v/v) 

1.3 mL/min Silica-1301N column, 
4.6 mm i.d. 30 cm 

Ultraviolet (UV) spectra were 
recorded in CHCl3 

Akihisa et al., (2000) 

Methanol  
(100%) 

4 mL/min ODS column (ODS-
2152column, 10 mm 

i.d. ×25 cm; 

Ultraviolet (UV) spectra were 
recorded in CHCl3 

Akihisa et al., (2000) 

Hexane:chloroform:acetic acid 
(70:30:1) 

1 mL/min Finepak SIL NH2 
column 

 (4.6 mm ID X 250 mm)

UV detector, 300 nm Yoshie et al., (2009) 

Chloroform:Methanol  
(4:1 v/v) 

1 mL/min Crestpak C18 column 
(4.6 mm I.D.X 150 

mm 

UV Detector, 330nm Yoshie et al., (2009) 
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Chapter-3 

      METERIAL AND METHODS 
 

 
The research work presented in this dissertation was conducted in the laboratories of the 

Department of Chemistry and Biochemistry, University of Agriculture Faisalabad (UAF), 

Faisalabad, Pakistan; High Tech Centre, UAF,  Faisalabad, Pakistan; Institute of Horticultural 

Sciences, UAF, Faisalabad, Pakistan; Plant Physiology Laboratory, Department of Botany, UAF,  

Faisalabad, Pakistan. Sitara Chemicals Industries Pvt. Ltd. Faisalabad, Pakistan; Rafhan Maize 

Products, Pvt. Ltd. Faisalabad, Pakistan; Nuclear Institute for Agriculture and Biology (NIAB)’ 

Faisalabad, Pakistan and Defence Science and Technology Organization (DSTO), Rawalpindi, 

Pakistan.  

 
3.1 Collection of Rice (Oryza sativa L.)  Samples 
 

Samples of ten selected varieties namely Basmati Super, Basmati 515, Basmati 198, 

Basmati 385, Basmati 2000, Basmati 370, Basmati Pak, KS 133, KSK 282 and Irri-6 of paddy 

rice (Oryza sativa L.), approved by the Punjab Agriculture Research Board (PARB), were 

procured/collected from Rice Research Centre, Kalashahkako, Lahore, Pakistan.  For each 

variety 5kg sample was obtained.  

 
3.2. Description of the Analytical Instruments Used Throughout the       
        Work 
 
Following equipment were used during the performance of entire research work 

3.2.1. Magnetic StIrring Hot Plates (PC101, Corning) 

3.2.2. Rotary Vacuum Evaporator (EYELA, N-N Series, Rikakikai Co. Ltd. Japan) 

3.2.3. Small Volume Batch Centrifuge (IEC Centra 4 Tabletop, Fisher Scientific) 

3.2.4. Large Batch Centrifuge (Beckman J20XP, Beckman Scientific) 

3.2.5. Spectrophotometer UV/Vis (Lambda EZ 201, Perkin Elmer, USA) 

3.2.6. Refractometer (RX-7000α, Atago Co., Ltd. Japan) 

3.2.7. Commercial Blender (TSK-949, Westpoint France) 

3.2.8. Orbital Shaker (Gallenkamp, UK) 
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3.2.9. Hot Air Oven (IM-30, Irmeco, Germany) 

3.2.10. HPLC (LC-10A, Shimadzu, Japan) 

3.2.11. GC (17-A, Shimadzu, Kyoto, Japan) 

3.2.12. GC-MS (Agilent-Technologies, Little Falls, California, USA) 

3.2.13 Water Bath (SB-651, Eyela, Japan) 

3.2.14 Electric Muffle Furnace (A-130, Vulcan, USA) 

3.2.15 Analytical Balance (AUY 220,Shimadzu, Japan)  

3.2.16 Centrifuge Machine  ( EBA 20, Hettich Zentrifugen, German) 

3.2.17 Magnetic Stirrer (HP220, Hotplate/Stirrer) 

3.2.18 Sonicator (04677867, Utech, NY, USA) 

3.2.19 Vortex Mixer (Heidolph Reax Top D-91128 Schwabach, Germany) 

   
3.3 Reagents, Chemicals and Standards  
 

Pure chemical standards of tocopherols (DL-α-tocopherol, (+)-δ-tocopherol, (+)-γ-

tocopherol), fatty acid methyl ester (FAME), amino acids, Folin-Ciocalteu reagent, 2, 2-

Diphenyl-1-picrylhydrazyl (DPPH) radical, synthetic antioxidant butylated hydroxyl toluene 

(BHT), 5α-Cholestane and gallic acid were obtained from Sigma Chemical Co. (St. Louis, MO). 

Gamma oryzanol (γ-Oryzanol) standard was procured from Tokyo Chemical Industries Japan. 

All other chemicals/ reagents and solvents used were of analytical grade from Merk (Darmstadt, 

Germany). These include n-hexane, methanol, isopropanol, acetic acid, acetonitrile, nitric acid, 

sodium hydroxide, potassium hydroxide, hydrogen peroxide, hydrochloric acid, boric acid, mix 

indicator,  digestion mixture,  sodium bicarbonate, sodium carbonate, sodium dihydrogen 

phosphate, disodium hydrogen phosphate, potassium ferricyanide, tricholoro acetic acid, Ferric  

chloride,  ferrozine, disodium ethylenediaminetetracetate (Na2EDTA),  dichloromethane. 

 
3.4 Pretreatment of Samples 

 
3.4.1 Drying of Samples 
 
             Rice samples (paddy) collected were ambient-dried (average room temperature 30 0 ± 2) 

to remove the extra moisture.  
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3.4.2 Husk Removal 
 
 Journal of science of food and agriculture 
 
         The husk, from the dried paddy material, was removed using a Satake Rice Huller (Model 

THO35A) and brown rice grains produced. For each variety of paddy rice weight of husk and 

brown grain fraction were calculated to determine their percentage yields. 

 
3. 4.3 Milling/Polishing 
 
          According to the set objectives of study, brown rice samples were processed for the 

milling using a McGill Mill #1 to separate bran fraction from the rice. Bran obtained from each 

variety was weighed, stabilized (at 110 0C for 20 min to avoid the activity of lipase enzyme) and 

stored in a freezer at 4 0C (Juliano, 1985). Percent weight of rice bran fractions was calculated. 

 
3.4.4 Grinding and Storage 
 

The brown rice and the subsequent rice bran samples were ground (100 mesh size) using 

a commercial Coffee Grinder. The ground material, packed in polythene bags, was stored in a 

freezer @ -4 0C, unless used for extraction purposes.   

 
3.5 Proximate Composition of Rice 
 

The proximate parameters including moisture, ash, crude fiber, soluble carbohydrates, 

crude lipids and crude protein were determined according to the standard methods (AOAC, 

1990).  

   
3.5.1 Moisture Contents 

 
 Moisture contents of rice and its by-product (rice bran) was determined by drying in 

oven at 105 0C for constant weight. For this purpose 5.0g of rice flour was taken into a pre-

weighed petri plate and placed in an oven at 105 0C to remove the moisture. The samples were 

dried until constant weight achieved and then moisture content determined. 
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3.5.2 Ash Contents  
 
Ash contents of rice and rice bran were determined using standard procedure (AOAC 

1990). A known quantity (1.0g) of rice and rice bran in a pre-weighed crucible was placed in a 

muffle furnace at about 750 0C for 4h. After cooling, the crucible in a desiccator weighed it and 

then calculated the percent ash. 

 
3.5.3 Fiber  Contents 

 
Fiber contents were determined according to recommended method of AOAC (AOAC, 

1990). Two grams of finely ground rice material was weighed. Test portion was boiled with 250 

mL of 0.12N H2SO4 solution for half an hour, the residues was separated and washed thoroughly. 

The residues obtained were then boiled with 250 mL of 0.313N NaOH followed by the 

separation, washing and drying of the residues. The dried residues obtained were then weighed 

and ashed in a muffle furnace at 600 0C and the loss in weight was calculated. 

 
3.5.4 Total Soluble Carbohydrates 

 
For the analysis of total free carbohydrates of rice, two grams (2.0g) of finely ground rice 

material was extracted with a mixture of water/ethanol (3:2 v/v) for 2 h. The mixture was then 

centrifuged at 5000 x g, using ultra centrifugation machine (EBA 20, Hettich Zentrifugen, 

Germany). The supernatant thus obtained was filtered with 0.45 um filter paper. From the 

filtered sample, 0.5mL was taken into a test tube; to this 0.5mL of 5% phenol solution and 

2.5mL concentrated sulphuric acid were added sequentially. The test tube was vortexed for 

through mixing and absorbance of the reaction mixture taken at 480 nm. Standard curve of 

glucose was used for calculations purpose (Dubois, et al, 1956).  

 
3.5.5 Lipid Contents 

  
Lipid contents of the selected varieties of rice and rice bran were determined after 

extraction by Soxhelt method using n-hexane (AOCS, 1997).  Briefly, the ground rice and rice 

bran (100 g) material from each of the ten rice varieties were separately filled into a thimble and 

placed into a Soxhlet assembly fitted with a 500 mL round-bottom flask and a condenser. The 

extraction was performed on a heating control assembly (Behr, Labor-Tecknik) for 6 h with 500 
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mL of n-hexane. After extraction, excess of the solvent was then distilled off using a vacuum 

rotary evaporator (EYELA, N-N Series, Rikakikai Co. Ltd. Japan) at 45 0C. 

 
3.5.6 Protein Contents  

 
        The contents of crude protein were determined by micro-Kjeldahl, apparatus according to 

International Standard Organization method (ISO, 1981). Crude protein contents were calculated 

by multiplying the value of percent nitrogen by a factor of 5.95. 

 

                         % N = 1.4× Volume of acid used   × Normality of Acid 

                                                               Sample wt (g)   

 
3.6 Minerals Analysis 

 
     Minerals composition of the selected varieties of rice was analyzed with flam 

photometer and inductively coupled plasma optical emission spectrometer (ICP-OES) after 

digestion of the samples with nitric acid. 

 
3.6.1 Preparation and Analysis of Samples 
 

A weighed  quantity (2.0g) of the dehulled rice grain (brown rice) of each  rice variety 

was separately  taken  into a digestion flask, to  this 5.0 mL concentrated nitric acid (HNO3) was 

added for wet digestion. Flask was heated on a heating chamber at about 80 0C for 2-3 hours.  

After cooling the samples to room temperature, about 3.0 mL of hydrogen peroxide (H2O2) was 

further added and heated the flask again (160-170 0C) until the organic matter completely 

oxidized and clear solutions obtained. The digested material (residue left over) was then 

dissolved in a small amount of deionized water and transferred to a 50 mL measuring flask. The 

volume was maintained up to the mark using deionized water and the solutions produced were 

analyzed by ICP-OES. A series of primary standard solutions of Na K, Mg, Ca, Fe, Mn, Zn, Cu, 

Al and P were prepared from Merck standard solutions, analyzed on flame photometer and ICP-

OES and used for construction of calibration curve and calculation purposes. The operational 

parameters for ICP-OES analysis are given in table 3.1.  
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Table-3.1   Conditions for ICP-OES Analysis 
  

Parameter Specification 
Power 1.1 Kw 
Cups per second 60 
Align Wavelengths Quick 
Pump Flow Rate 1.5 mL/min 
Plasma On 
Rinse Time 01 min 

Gas Flow 

Auxiliary  0.8 L/min 
Coolant  17 L/min 
Nebuliser  50 psi 

 
 
3.7 Carbohydrates Analysis  

 
Individual carbohydrates (monosaccharides and disaccharides) were analyzed using high 

performance liquid chromatography (HPLC). Briefly, two grams (2.0g) of finely ground rice 

material was extracted with a mixture of water/ethanol (3:2 v/v) for 2 h. The extract was then 

centrifuged at 5000g, using ultra centrifugation machine. The supernatant thus recovered was 

filtered with 0.45 um filter paper, the excess of ethanol was en evaporated under reduced 

pressure. .  The residue obtained then was dissolved in sulfuric acid (0.4 M), and filtered through 

0.25 micron filter paper prior to HPLC injection. Separation of carbohydrates was performed on 

a HPX-87C monosaccharide (300×7.8mm) reversed-phase column (ION-300, Interaction 

Chromatography Inc., San Jose, CA) maintained at 85 0C by a temperature controller (Waters). 

The elution of carbohydrates was made by using a 17 mM sulfuric acid solution as mobile phase 

at a constant flow rate of 0.8 mL/min. A refractive index (RI) detector operated @32 0C was 

used for detection purpose. Standards of pure soluble sugars were used for the identification and 

quantification of compounds (Perez et al., 1997).  

 
3.8 Amino Acid Analysis  

 
Amino acids analysis was carried out following the method reported by Sekhar and 

Reddy (1982). One hundred milligram (100 mg) of the powdered rice sample was transferred to 

a hydrolysis tube containing 3 mL of 6N HC. The tube was degassed by nitrogen purging and   

sealed under vacuum and kept in an oven at 110 °C for 24 h for hydrolysis. After hydrolysis, the 
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samples were dried in a vacuum desiccator and diluted to 15 mL with citrate buffer (pH 2.2). 

Amino acids were analyzed by high performance liquid chromatography (HPLC) after 

derivatizing with 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC) according to the 

method described by Ward (2000). The separation of amino acids was performed by reversed 

phase LiChrosolv C-18 column (250×4.5 mm) Mobile phase methanol: Na-acetate 

buffer:acetonitrile:dichloromethane (1:1:7:1 v/v/v/v) was used at  a flow rate of 1.0 mL/min. 

Detection of amino acids was performed by  fluorescence detector fitted with HPLC system 

using  excitation wavelength of  250 nm and emission wavelength of  395 nm. 

 
3.9 Antioxidant Activity  
 

3.9.1 Antioxidants Extraction 
 

Extraction of ground rice materials for antioxidant components was made by using orbital 

shaker and sonication-assisted shaker employing six different solvent systems namely 100% 

methanol, 80% methanol (80: 20 methanol /water v/v), 100% ethanol, 80% ethanol (80:20 

ethanol/water v/v) and 100% isopropanol and 80% isopropanol (80:20 isopropanol/water v/v)   

(Hu et al., 1996; Duvernay et al., 2005).  

 
Briefly, powdered rice and rice bran materials, (20 g) was extracted separately with 100 

mL of solvents such as methanol (100%, 80%), ethanol (100%, 80%) and isopropanol (100%, 

80%) for 24 h using an Orbital Shaker (Gallenkamp, UK) and sonication-assisted Orbital Shaker 

(Utech Cleaner Model 04677867, NY, USA) at 40 0C.The extracts were filtered and the residues 

re-extracted twice with the same fresh solvents. The three extractions were pooled. The excess of 

the solvent was evaporated using rotary vacuum evaporator N–N Series, Eyela (Tokyo, Japan). 

The crude concentrated extracts were flushed with nitrogen, weighed and stored at - 4 0C in a 

freezer until used for further analyses.  

 
3.9.2 Total Phenolic Contents 
 
  Total phenolic contents of rice and rice bran extract of the tested varieties of rice were 

determined according to the method described by Singleton et al., (1999) by using Folin–

Ciocalteu reagent with slight modification, using gallic acid as a standard. A 0.1 mL of the 

extract solution (1.0 mg/mL) was taken into a test tube and into it added 2 mL of 7.5% Na2CO3 
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and mixed the test tube contents for 3 min on vortex mixer (Heidolph Reax Top D-91128 

Schwabach, Germany). After adding 1.0 mL of 10% Folin-Ciocalteau reagent, the volume was 

made up to 10mL with distilled water and the final mixture was allowed to stand for 30 min for 

completion of the reaction. The absorbance of the finally obtained reaction mixture was taken at 

760 nm using UV-Visible spectrophotometer. For each sample, three measurements were made 

and the results were then expressed as g gallic acid equivalent (GAE) per kg of the extract, 

according to the standard calibration curve plotted using series of Gallic acid standard solutions.  

 
3.9.3 Reducing Power 
 

The reducing power of the extracts was determined according to the modified method of 

Yen et al., (1993). To 2.5 mL of rice and rice bran extract (1.0 mg/mL), 2.5mL of 2M sodium 

phosphate buffer (pH 6.6) and 5.0 mL of 1% potassium ferricyanide were sequentially added and 

mixed well. The mixture was then incubated at 50 0C for 30 min, added 5.0mL of trichloroacetic 

acid (10%) and centrifuged at 10,000 g for 10 min.  A 5.0 mL portion of the upper layer 

(supernatant) was mixed with 5.0 mL distilled water and then added 1.0 mL ferric chloride 

(1.0%). The absorbance was recorded at 700 nm using a UV-Vis spectrophotometer. For 

comparison purposes butyl hydroxy toulene (BHT) was used as reference standard. All the 

measurements were made in triplicate and the results averaged.   

 
3.9.4 Metal Chelating Activity 

Ferrous ion-chelating activity of rice and rice bran extracts was determined according to 

the modified method of Decker and Welch (1990) and Shimada et al., (1992). A 2.0 mL portion 

of the extract solution (1.0 mg/mL) was taken into a test tube and to this added 1.0 mL of FeCl2 

(2 mM). After thorough mixing, 0.2 mL 5 mM ferrozine solution was added and the mixture 

mixed well again and kept at room temperature for 10 min for uniform conditions. The 

absorbance of the final reaction mixture was measured at 562 nm indicating the degree of 

formation of ferrozine–Fe2+ complex. All the samples were analyzed in triplicate. The metal 

chelating activity with calculated with reference to disodium ethylenediaminetetracetate 

(Na2EDTA) as standard. The results were expressed as EDTA equivalent (EDTA, g/100g) 
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3.9.5 DPPH Radical Scavenging Assay 
 
         The rice and rice bran extracts were also tested for DPPH radical scavenging activity by the 

method of Chotimarkorn et al., (2008).  A portion (0.1 mL) of the extract solution (1.0 mg/mL) 

was taken in a Pyrex test tube. To this added 4.0 mL of pure methanol and 1.0 mL of 2,2-

diphenyl-1-picrylhydrazyl (DPPH) solution in methanol (1.0 mM). The mixture was kept at 

ambient conditions for at least 30 min prior to measurement of the absorbance. Absorbance was 

measured at 515 nm using spectrophotometer. Butylated hydroxyl toluene (BHT) was used as the 

reference standard for comparison. All measurements were taken in triplicates. 

 
3.10 Physico-chemical Characteristics of Rice Bran Oil 
 

The oils, extracted as described previously in section 3.5.5, from rice bran of different 

rice varieties were analyzed for physico-chemical characteristics including density, refractive 

index, iodine value, saponification value and unsaponifiable matter.  

 
3.10.1 Density 
 

Density is the mass per unit volume and varies with temperature. It is one of the most 

important physical properties that are used as diagnostic criterion to assess the degree of purity 

of oil. Density of fats and oils are expressed in grams per millilitre. For this test, mass of empty 

pyknometer (Density bottle) was recorded as m0. Dry pyknometer was then filled with the oil 

under test and put it in thermo stated water bath. When the filled vessel reached the ambient 

temperature (25 0C) at which the measurement was to be made), the volume of the oil was 

adjusted to the fixed mark. Now the total mass m was recorded (IUPAC, 1979). The density was 

measured by using the following relation.  

Density (ρ) = (m - m0)  Vt. 

m0 = Mass of the empty density bottle + Lid 

m =Mass of the bottle+ Lid + oil 

Vt. = Volume in mL of oil in density bottle at ambient temperature. 
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3.10.2 Refractive Index  
 
   “It is the ratio of the velocity of light at a definite wavelength λ in the material to the 

velocity of light in vacuum” velocity of light in air is generally used as the reference point. 

Refractive index is an index of degree of deflection of beam of light when it passes from one 

transparent medium to another. The triglycerides molecular weight, degree of unsaturation, and 

presence or absence of hydroxy acids as well as the experimental temperature affect the 

refractive index of fats and oils. This is also affected by the chain length and number of double 

bonds in a lipid molecule. The refractive index increases by increasing saturation in oils and 

decreases not only by decreasing molecular weight of fatty acids but also with rise in 

temperature. Refractive index of the oil was determined by using digital Refractometer at 40 0C 

(IUPAC, 1979).  

 
3.10.3 Iodine Value (IV)  

 
It is the measure of the degree of unsaturation of oils and fats i.e. measure of the 

unsaturation of fatty acids. The unsaturation sites present in oils / fats form an addition product 

with iodine monochloride, monobromide. Thus the degree of unsaturation of fatty acids in 

triglycerides can be measured by iodine value. The higher the iodine value greater the degree of 

unsaturation, the reduction of IV is due to loss in unsaturation sites probably due to oxidation, 

polymerization or breaking of the long chain fatty acids. 

 
Iodine value may be defined as “No. of grams of halogen absorbed by 100g of fat and 

expressed as the weight of iodine” Determination of iodine was made according to standard 

method (IUPAC, 1979). 

0.1g of oil was taken in to 250 mL of glass stoppered iodine flask. The oil was dissolved 

in 20 mL of carbon tetrachloride and 25 mL of Wijs solution. The flask was shaked well and 

placed in the dark for half an hour. At the end of this time, 20 mL of 15% potassium iodide 

solution was added followed by the addition of 100 mL of distilled water. The mixture was then 

titrated against 0.1N Na2S2O3.5H2O using starch as indicator until yellow iodide color was 

disappeared. Same procedure was done for blank solution. Iodine value was then calculated by 

the following formula  
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I.V (g of I2 / 100 g of oil). = (Blank titration - Sample titration)  Normality of Na2S2O3.5H2O 

12.69  Sample wt. (g) 

 
3.10.4 Saponification Value  
 

The determination of saponification value is based on the boiling of the sample under 

reflux condenser with ethanolic (95%) potassium hydroxide solution and titration of the excess 

potassium hydroxide with HCl in the presence of an indicator. Saponification value was 

determined according to the standard IUPAC method (1979). Saponification value is the no. of 

mg of (KOH) potassium hydroxide required to saponify one gram of fat. In this test, 5.0 g of the 

oil sample was taken in 500 mL round bottom flask and 50 mL of 0.5N alcoholic potassium 

hydroxide solution was added. The contents of the flask were refluxed for 30 minutes on a water 

bath and cooled. The excess of KOH was titrated with the standard 0.5N HCl solution using 

phenolphthalein as an indicator.  A blank determination was also performed simultaneously 

under the same set of conditions. 

S.V mg of KOH/g of oil = (Blank titration - Sample titration)  Normality of acid  56.1 Sample 

wt. (g) 

3.10.5 Unsaponifiable Matter  
 

Unsaponifiable matter includes those substances in edible oils and fats that are soluble in 

ordinary fat solvents but not saponified by Caustic alkali. These are mainly sterols, tocopherols, 

higher alcohols, β-carotene and hydrocarbons. Unsaponfiable matter (Unsap. matter) was 

determined according to standard IUPAC method (1979) and expressed as percent of oil. For this 

determination,5g of well-mixed oil sample was taken in 250 mL round bottom flask and 

dissolved in 50 mL of redistilled 95% alcohol followed by the addition of 5 mL of 50% aqueous 

KOH solution. A condenser was attached to the flask and gently refluxed on water bath for one 

hour. After cooling the mixture, the extraction of unsaponifiable matter was carried out by using 

n-hexane in a separating funnel through phase separation. After evaporation, dried 

unsaponifiable matter was weighed on an analytical balance and calculated its yield by using the 

following formula. 

 
Unsap. matter (%) = Wt of residue after extraction  100 Sample wt. (g) 
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3.11 Fatty Acids Composition  
  

Fatty acids composition (FAs) of oil samples of rice bran were analyzed using capillary 

gas chromatography.   Standard IUPAC method 2.301 was used to prepare fatty acid methyl 

esters (IUPAC, 1979). Accurately weighed (30 mg) rice oil was taken into 12 mL test tube and 

saponified by adding 5mL of 0.5 M methanolic potassium hydroxide (KOH). Mixed the sample 

solution using a vortex mixer and the test tubes were placed in a heating block for two hours at 

60 0C. During preliminary incubation period, the samples were vortexed after every 10 min until 

the monophasic system achieved. After incubation, samples were taken out of heating block and 

allowed to cool at room temperature then added 0.3 mL glacial acetic acid, 3.0 mL iso-octane 

and 3 mL distilled water to the sample test tube and gently mixed by inverting the test tube and 

then placed for equilibration/phase separation. Waited until the two layers separated completely, 

the upper layer which contained fatty acid methyl ester (FAMEs) was then transferred into the 

labeled chromatographic vial using a pasture pipette. The FAMEs were analyzed using gas 

chromatograph (Shimadzu GC 17A), fitted with a SP-2330, methyl-lignocerate-coated (film 

thickness = 0.20 µm) polar capillary column (30 m  0.32mm), and a flame ionization detector 

(FID). The column oven temperature was held at 160 0C for 1 min and raised to 210 0C by the 

rate of 5 0C per min and finally held for 10 min.  Nitrogen was used as a carrier gas at a flow rate 

3 mL/min. The unknown FAMEs were then identified with using reference standards from 

Sigma-Aldrich Chemical Co., (St. Louis, MO, USA). Fatty composition was reported as a 

relative percentage of the total peak area.  

 
3.12 Sterol Composition  

3.12.1 Saponification 
 

For sterol analysis, the procedure reported by Toivo et al., (1998) was used. Briefly, 50 

mg oil sample was weighed into a 50 mL round-bottom flask. Added 5 mL of 0.5M methanolic 

KOH and the sample was refluxed for 30 min at 80 °C. After the saponification step, the 

unsaponifiable material recovered was spiked with an aliquot of internal standard solution (1.0 

mg 5-α-Cholestane). 
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3.12.2 Extraction and purification of sterol fraction 
 
.  A volume aliquot 2-3 mL taken from the chloroform layer of the solution was transferred  

into a test tube followed by addition of  few drops of 5M HCL to acidify the solution (pH 2-5). 1 

mL of the pH-adjusted solution was allowed to pass through a 0.45 mm nylon membrane filter 

(Whatman) on to the pre-activated C18 solid-phase extraction cartridge. The multi set of 

cartridge were sequentially activated using 5 mL methanol and 5 mL deionized water.  The 

sample solutions were eluted in drop wise manner. The elution of the sterol fraction was 

performed using 15 mL of solution mixture containing 5 % methanol in chloroform.  The 

recovered eluates, with purified sterol fraction, were further concentrated to volume as low as 0.5 

mL. 

3.12.3 Silylation 

           An aliquot (100-200 mL) of solution was transfered into a sample vial and evaporated to 

dryness under nitrogen streaming. The residue obtained was dissolve in 100 uL anhydrous 

pyridine. Trimethylsilyl (TMS) derivatives were prepared by adding 100 µL of the derivatization 

reagent comprising bis-trifluoroacetamide (BSTFA 99%) and tri-methylchlorosilane (TMCS 1 

%). The solutions were allowed to react over-night (room temperature) to complete the silylation 

process. The silyl-derivatives of rice sterols were analyzed by GC using a Perkin Elmer system 

fitted with a methyl phenyl polysiloxanes coated capillary column OV-17 (30 m x 0.25mm, 0.20 

µm film thicknesses) and a flame ionization detector (FID). The column was isothermally 

operated at temperature of 260 oC. Injector and FID temperature were set at 275 and 290 oC, 

respectively. Extra pure N2 at a flow rate of 3.5 mL/min was used as a carrier gas. Identification 

and quantification of unknown sterol components was made using a pure mixture of sterol 

standards. For authentification purposes, the samples were also analyzed using GC-MS under the 

same column chromatographic conditions as specified for GC analysis. An Agilent-Technologies 

(Little Falls, CA, USA) 6890 N Network GC system, fitted with an inert XL Mass selective 

detector (Agilent- Technologies 5975) and auto injector (Agilent-Technologies 7683B series) 

was used. For sterol components detection, electron ionization (EI) mode with ionization energy 

70 eV was employed while the injector and MS transfer line temperature were maintained at 275 

and 290 oC, respectively. Scanning mass range was selected from 50-600 m/z. The sterol 

compounds were identified by comparing their relative and absolute retention times with those of 



69 
 

authentic standards of sterols. The target compounds were further identified and authenticated 

using their MS spectral information compared to those from the mass spectral library (NIST) of 

the GC/MS system.  

 
3.13 Tocopherols Composition  
  
            Tocopherols (α, β, γ and δ) in the rice bran oils were analyzed  by RP-HPLC (Sykam 

GmbH, Kleinostheim, Germany) according to the method as described by Xu et al., (2001) with 

some modifications.. The HPLC instrument used was equipped with S-1122 dual piston solvent 

delivery system. Briefly, rice oil (100 mg) was dissolved into 5mL methanolic KOH (80%) and 

subjected to incubation at 65 0C for 30 min. After the saponification was completed, the mixture 

was allowed to cool down to room temperature. For extraction purposes, added 3mL distilled 

water and 10mL n-hexane. The hexane layer recovered, containing tocopherols components, was 

evaporated to dryness under nitrogen streaming and then added 1.0 mL mobile phase to 

redissolve the residue. Tocopherol isomers were separated on a Hypersil ODS reverse phase 

(C18) column (250 x 4.6 mm, 5 µm particle size; Thermo Hypersil GmbH, Germany) fitted with 

a C18 guard column. The mobile phase used was a mixture of methanol: acetonitrile: 

dichloromethane (50:44:6, v/v/v) at a flow rate of 1.0 mL/min. The detection was performed at 

295 nm using a S-3210 UV/VIS diode array detector. Tocopherol isomers were identified on the 

basis of matching of their retention times with those of pure standards of tocopherols and 

quantified on the basis of peak area using standard calibration curve of the pure compounds.  

 
3.14 γ-Oryzanol Composition  
 
      Gamma-oryzanol contents in oils of different varieties of rice were also determined using 

reverse phase high performance liquid chromatography (RP-HPLC) according to the method 

reported by Rogers, et al., (1993) with slight modifications. Rice oil (100 mg) was dissolved in 

1.0 mL of pure methanol and then filtered using a syringe filter with PTFE (0.2um; Ascordic 

syringe filter). A  RP-HPLC system (SEL 10AL, Shimadzu, Japan) equipped with Hypersil ODS 

reverse phase (C18) column (250 x 4.6 mm, 5 µm particle size; Thermo Hypersil GmbH, 

Germany) and a variable wavelength UV-Vis detector (SPD 10A, Shimadzu, Japan) set at 330 

nm was used. Mobile phase consisting of a mixture of methanol: acetonitrile: dichloromethane: 
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acetic acid (50:44:3:3 v/v/v/v) at a flow rate of (isocratic) of 1.0 mL/min was used. The total 

analysis time was approximately 22 min and γ-oryzanol peaks appeared around retention time of 

9-15 min. Gamma-oryzanol contents (mg/kg) in the rice oil was calculated from the peak area of 

standard γ-oryzanol calibration curve. The identification was based on the comparison of the 

retention times of the unknown with those of pure standards of gamma oryzanol. 

 
3.15 Statistical Analysis 
 
           Three different samples of rice and rice bran were assayed. Each sample was analyzed 

individually in triplicate and data is reported as mean (n = 3 x 3) ± SD (n = 3 x 3). ANOVA was 

used to determine significant differences considering a level of significance at less than 5% (P < 

0.05) by using the statistical software Co-Stat (Stat Soft Inc, Tulsa, Oklahoma, USA). 
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Chapter-4  

                               RESULTS 
 
 
 
 
 
 
 

 
 

Figure 4.1 Fractional Composition of Different Varieties of Rice (Oryza sativa L.) 
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Table 4.1 Proximate Composition (g/100g) of Different Varieties of Rice (Oryza sativa L.) 
 

Varieties Moisture Ash Protein Lipids Crude fiber Simple sugars Starch 

Basmati Super 6.84 ± 0.31a 1.98 ± 0.07b 9.10 ± 0.43b 2.06 ±  0.09ab 0.87 ± 0.02c 0.17 ± 0.08a 78.91 ± 1.21a 

Basmati  515 8.68 ± 0.32cd 1.97 ± 0.05 b 7.91 ± 0.22a 2.26 ± 0.12b 0.82 ± 0.03b 0.18 ± 0.07a 78.18 ± 2.23a 

Basmati 198 8.45 ± 0.21c 1.90 ± 0.05 b 7.70 ± 0.34a 2.36 ± 0.19b 0.85 ± 0.03bc 0.18 ± 0.04a 78.56 ± 1.11a 

Basmati  385 8.30 ±0. 20c 1.98 ± 0.06 b 9.14 ± 0.31b 2.70 ± 0.09c 0.71 ± 0.03a 0.20 ± 0.05a 76.98 ± 2.87a 

Basmati 2000 8.22 ± 0.16c 1.96 ± 0.05 b 7.70 ± 0.38a 2.14 ± 0.08b 0.89 ± 0.03c 0.18 ± 0.06a 78.92 ± 2.56a 

Irri 6 8.19 ± 0.18c 1.86 ± 0.07b 7.50 ± 0.24a 2.06 ± 0.08ab 0.81 ± 0.03b 0.18 ± 0.06a 79.43 ± 1.19a 

KSK 133 9.08 ± 0.22d 1.94 ± 0.06 b 7.52 ± 0.26a 2.04 ± 0.09ab 0.88 ± 0.02c 0.18 ± 0.03a 78.43 ± 1.32a 

KS 282 9.02 ± 0.31d 1.95 ± 0.05b 7.75 ± 0.20a 2.17 ± 0.11b 0.79 ± 0.02b 0.18 ± 0.05a 78.19 ± 2.57a 

Basmati  370 7.62 ± 0.25b 1.48 ± 0.05a 8.75 ± 0.23b 2.72 ± 0.09c 0.89 ± 0.03c 0.18 ± 0.07a 78.37 ± 1.73a 

Basmati  Pak 6.99 ± 0.20a 1.92 ± 0.04b 9.16 ± 0.26b 1.92 ± 0.07a 0.92 ± 0.03c 0.17 ± 0.05a 78.92 ± 2.45a 
Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
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Table 4.2 Proximate Composition (g/100g) of Bran of Different Varieties of Rice (Oryza sativa L.) 
 

Varieties Moisture      Ash     Protein      Lipids  Crude Fibers Carbohydrates 

Basmati Super 9.11 ± 0.46e 7.35 ± 0.36bc 14.74 ± 0.74ab 17.98 ± 0. 90abc 24.19 ± 1.20b 26.63 ±1.21ab 

Basmati  515 10.32 ± 0.51abc 6.99 ± 0.35cd 15.85 ± 0.79a 18.76 ± 0.94a 27.33 ± 1.36a 20.75 ± 1.33e 

Basmati  198 8.87 ± 0.44e 7.76 ± 0.28ab 13.63 ± 0.68bc 17.23 ± 0.86bc 25.43 ± 1.27a 27.08 ± 1.03ab 

Basmati  385 9.56 ± 0.47cde 6.29 ± 0.37e 14.21 ± 0.71bc 18.26 ± 0.91abc 26.13 ± 1.30ab 25.55 ± 1.35bc 

Basmati  2000 10.56 ± 0.52bcd 7.17 ± 0.33cd 14.09 ± 0.70bc 18.56 ± 0.93ab 27.61 ± 1.38a 22.01 ± 1.27de 

Irri 6 9.34 ± 0.46de 7.44 ± 0.36abc 13.64 ± 0.68bc 15.56 ± 0.77d 25.78 ± 1.28ab 28.24 ± 1.10a 

KsK 133 10.22 ± 0.52bc 6.78 ± 0.27de 14.1 ± 0.69bc 17.01 ± 0.85cd 26.84 ± 1.34a 25.05 ± 1.41bc 

KS 282 10.78 ± 0.53ab 6.65 ± 0.25de 13.23 ± 0.66c 16.88 ± 0.84cd 26.12 ± 1.30ab 26.34 ± 1.31ab 

Basmati  370 11.19 ± 0.56 a 6.43 ± 0.29e 14.28 ± 0.72bc 18.24 ± 0.91abc 26.37 ± 1.31ab 23.49 ± 1.17cd 

Basmati  Pak 10.75 ± 0.56ab 7.96 ± 0.34a 15.65 ± 0.76a 17.55 ± 0.88abc 27.89 ± 1.39a 20.20 ± 1.01e 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
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Table 4.3 Minerals Content (mg/kg) of Different Varieties of Rice (Oryza sativa L.) 
 

Varieties 
 

Na K Mg Ca Zn Fe Cu Al Mn          Pb 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Basmti Super 101 ± 2b 2395 ± 88a 960 ± 44a 860  ± 39a 319 ± 9e 301  ± 16d 14.60 ± 0.50b 103  ± 3.0e 26.1 ± 0.86d 20.70 ± 0.53c 

Basmati 515 92 ± 3a 2488 ± 97a 1021 ± 50a 945 ± 34b 257 ± 12cd 186  ± 8a 13.24 ± 0.42a 74.5 ± 2.8c 24.0 ± 0.95c 19.15 ± 0.64b 

Basmati 198 104 ± 4b 2519 ± 107ab 1235 ± 43c 1330 ± 42e 191 ± 7a 193  ± 7a 14.75 ± 0.52b 71.5 ± 1.5c 24.5 ± 0.75c 20.20 ± 0.66bc 

Basmati 385 97 ± 3ab 2378 ± 93a 1225 ± 52c 1175 ± 37d 210 ± 9b 197  ± 7a 14.45 ± 0.48b 70.5 ± 1.4c 29.8 ± 0.97e 19.45 ± 0.56b 

Basmati 2000 102 ± 5b 2794 ± 111b 1075 ± 39b 1190 ± 40d 263 ± 14d 256  ± 9c 12.61 ± 0.46a 82.5 ± 2.2d 20.9 ± 0.88b 18.45 ± 0.71b 

   Irri-6 89 ± 3a 2629 ± 126b 1065 ± 41b 825 ± 41a 231 ± 11c 226  ± 11b 13.25 ± 0.44a 59.0 ± 1.0a 21.5 ± 0.54b 20.55 ± 0.63bc 

   KSK-133 93 ± 2a 2423 ± 109a 1040 ± 49ab 1005 ± 36b 239 ± 8c 236  ± 5b 14.15 ± 0.49b 82.5 ± 1.7d 20.5 ±0.69ab 19.35 ± 0.68b 

   KS-282 98 ± 1ab 2501 ± 91ab 1040 ± 48ab 1175 ± 32d 321 ± 17e 317  ± 9d 15.60 ± 0.33c 105  ± 2.6e 22.2 ± 0.73b 10.90 ± 0.55a 

Basmati 370 109 ± 4c 2791 ± 110b 1190 ± 40bc 1065 ± 25c 264 ± 13d 253  ± 12c 14.45 ± 0.43b 73.5 ± 2.0c 24.3 ± 0.75c 24.45 ± 0.51d 

Basmati Pak 107 ± 4c 2677 ± 114b 1195 ± 47bc 995 ± 33b 201 ± 10ab 191  ± 5a 16.65 ± 0.45d 63  ± 1.2b 19.3 ± 0.57a 22.80 ± 0.65c 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
 Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
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Table-4.4 Amino Acids Composition (g/100g) of Rice (Oryza sativa L.) 
 

Amino Acid Basmati Super Basmati  515 Basmati 198 Basmati  385 Basmati 2000

Aspartic acid  0.71 ± 0.03ab 0.46 ± 0.02g 0.60 ± 0.03d 0.63 ± 0.03cd 0.48 ± 0.03fg 

Threonine 0.32 ± 0.02a 0.22 ± 0.01de 0.28 ± 0.02b 0.31 ± 0.01a 0.22 ± 0.01de 

Serine 0.47 ± 0.02a 0.32 ± 0.02de 0.42 ± 0.02bc 0.43 ± 0.02b 0.20 ± 0.01g 

Glutamic acid 1.51 ± 0.08a 1.01 ± 0.04de 1.03 ± 0.05de 1.10 ± 0.05cd 0.91 ± 0.05f 

Proline 0.33 ± 0.01bc 0.31 ± 0.02cd 0.35 ± 0.02ab 0.36 ± 0.02a 0.26 ± 0.01e 

Glycine 0.46 ± 0.02ab 0.31 ± 0.08c 0.51 ± 0.03a 0.44 ± 0.02b 0.19 ± 0.01e 

Alanine 0.45 ± 0.02b 0.31 ± 0.01gh 0.41 ± 0.02cd 0.42 ± 0.02c 0.30 ± 0.01h 

Valine 0.48 ± 0.02a 0.28 ± 0.01d 0.41 ± 0.02b 0.48 ± 0.02a 0.28 ± 0.01d 

Methionine 0.24 ± 0.01b 0.20 ± 0.01d 0.26 ± 0.01a 0.25 ± 0.01ab 0.17 ± 0.01e 

Isoleucine 0.23 ± 0.04cd 0.27 ± 0.02ab 0.22 ± 0.01de 0.21 ± 0.01de 0.20 ± 0.01e 

Leucine 0.82 ± 0.01a 0.46 ± 0.02de 0.60 ± 0.03b 0.61 ± 0.03b 0.42 ± 0.02e 

Tyrosine 0.25 ± 0.02c 0.21 ± 0.01d 0.33 ± 0.01a 0.29 ± 0.01b 0.16 ± 0.01f 

Phenylalanine 0.39 ± 0.01b 0.39 ± 0.01b 0.43 ± 0.02a 0.40 ± 0.01b 0.30 ± 0.01de 

Lycine 0.34 ± 0.01bc 0.22 ± 0.01g 0.37 ± 0.01a 0.30 ± 0.01de 0.23 ± 0.01g 

Histidine 0.19 ± 0.04ab 0.12 ± 0.01d 0.21 ± 0.01a 0.18 ± 0.01b 0.09 ± 0.01e 

Arginine 0.79 ± 0.40a 0.48 ± 0.04b 0.83 ± 0.04a 0.72 ± 0.03ab 0.58 ± 0.03ab 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same row indicate significant differences (p< 0.05) among varieties tested 
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 Table-4.4 Continued 
 

Amino acid    Irri – 6  KSK 133  KS 282 Basmati 370 Basmati Pak

 Aspartic acid  0.58 ± 0.03de 0.53 ± 0.02ef 0.61 ± 0.03d 0.68 ± 0.03bc 0.75 ± 0.04a 

Threonine 0.24 ± 0.01cd 0.21 ± 0.01d 0.25 ± 0.01e 0.31 ± 0.01a 0.32 ± 0.02a 

Serine 0.30 ± 0.01ef 0.28 ± 0.01f 0.35 ± 0.02d 0.39 ± 0.02c 0.44 ± 0.02ab 

Glutamic Acid 0.91 ± 0.04f 0.95 ± 0.05ef 1.07 ± 0.05d 1.19 ± 0.06c 1.36 ± 0.07b 

Proline 0.26 ± 0.01e 0.29 ± 0.01d 0.31 ± 0.02cd 0.33 ± 0.02bc 0.37 ± 0.02a 

Glycine 0.27 ± 0.01cd 0.25 ± 0.01d 0.29 ± 0.01cd 0.32 ± 0.01c 0.41 ± 0.02b 

Alanine 0.33 ± 0.01g 0.36 ± 0.02f 0.37 ± 0.01ef 0.39 ± 0.02de 0.53 ± 0.03a 

Valine 0.28 ± 0.01d 0.25 ± 0.01e 0.26 ± 0.01de 0.33 ± 0.02c 0.41 ± 0.02b 

Methionine 0.19 ± 0.01d 0.22 ± 0.01c 0.22 ± 0.01c 0.24 ± 0.01b 0.26 ± 0.01a 

Isoleucine 0.21 ± 0.01de 0.21 ± 0.01de 0.28 ± 0.01a 0.25 ± 0.01bc 0.27 ± 0.01ab 

Leucine 0.47 ± 0.02d 0.47 ± 0.02d 0.53 ± 0.03c 0.57 ± 0.03c 0.61 ± 0.03b 

Tyrosine 0.14 ± 0.01g 0.14 ± 0.01g 0.15 ± 0.00fg 0.18 ± 0.01e 0.21 ± 0.01d 

Phenylalanine 0.29 ± 0.01e 0.30 ± 0.01de 0.32 ± 0.02d 0.36 ± 0.02c 0.36 ± 0.02c 

Lycine 0.28 ± 0.01ef 0.29 ± 0.02e 0.26 ± 0.01f 0.35 ± 0.02ab 0.32 ± 0.02cd 

Histidine 0.15 ± 0.01c 0.14 ± 0.01d 0.14 ± 0.01cd 0.14 ± 0.01cd 0.14 ± 0.01cd 

Arginine 0.70 ± 0.03ab 0.46 ± 0.02b 0.65 ± 0.03ab 0.83 ± 0.04a 0.86 ± 0.38a 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
           Means with different superscript letters with in the same row indicate significant differences (p< 0.05) among varieties tested 
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Table-4.5 Composition of Carbohydrates of Different Varieties of Rice (Oryza sativa L.)  
 

Varieties Glucose 

(mg/g) 

Sucrose

(mg/g) 

Fructose

(mg/g) 

 Total 

   (mg/g) 

Basmati Super 0.20 ± 0.04b 0.75 ± 0.03c 0.40 ± 0.01d 1.35 ± 0.06d 

Basmati  515 0.19 ± 0.05b 0.69 ± 0.02bc 0.48 ± 0.02e 1.36 ± 0.07d 

Basmati 198 0.20 ± 0.03b 0.66 ± 0.03bc 0.23 ± 0.02b 1.09 ± 0.04c 

Basmati  385 0.18 ± 0.04b 0.43 ± 0.02a 0.25 ± 0.02b 0.86 ± 0.04b 

Basmati 2000 0.11 ± 0.03a 0.73 ± 0.03c 0.28 ± 0.01b 1.12 ± 0.05c 

Irri 6 0.08 ± 0.03a 0.47 ± 0.02a N.F 0.55 ± 0.03a 

KsK 133 0.10 ± 0.02a 0.59 ± 0.02b 0.14 ± 0.03a 0.83 ± 0.04b 

KS 282 0.09 ± 0.02a 0.62 ± 0.02b 0.35 ± 0.02c 1.06 ± 0.04c 

Basmati 370 0.19 ± 0.04b 0.64 ± 0.03b 0.41 ± 0.02d 1.24 ± 0.05d 

Basmati Pak 0.12 ± 0.02a 0.73 ± 0.03c 0.43 ± 0.02d 1.28 ± 0.06d 

     
 N.F: Not Found 
Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n =3x3) 

Means with different superscript letters with in the same row indicate significant differences  
     (p< 0.05) among varieties tested 



 

Figure 4.3 HHPLC Analysis 
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Table-4.6.1 Extract Yield (g/100g) of Antioxidant Components from Different Varieties of Rice (Oryza sativa L.) Using 
Orbital Shaker  

 
Varieties Methanol                 Ethanol Isopropanol 

100%          80%     100%     80 %     100%    80%  

Basmati Super  2.32 ± 0.1b
bcd 2.86 ± 0.1a

fg 1.66 ± 0.1d
bcd 2.10 ± 0.1c

bcd 2.81 ± 0.1a
cde 2.88 ± 0.1a

cd 

Basmati  515 2.17 ± 0.1b
d 3.02 ± 0.1a

def 1.57 ± 0.1d
cd 1.97 ± 0.1c

d 2.96 ± 0.1ab
bc 3.04 ± 0.1a

bc 

Basmati 198 2.46 ± 0.1b
ab 2.75 ± 0.1ab

g 1.81 ± 0.1d
ab 2.24 ± 0.1b

ab 3.00 ± 0.1a
b 3.08 ± 0.1a

b 

Basmati  385 2.39 ± 0.1a
bc 3.33 ± 0.1a

ab 1.73 ± 0.1d
abc 2.17 ± 0.1b

bc 3.21 ± 0.1a
a 3.29 ± 0.1a

a 

Basmati 2000 2.47 ± 0.1ab
ab 3.45 ± 0.1a

a 1.56 ± 0.1d
d 2.25 ± 0.1b

ab 2.66 ± 0.1ab
e 2.73 ± 0.1ab

d 

Irri – 6 2.40 ± 0.1ab
bc

 3.21 ± 0.2a
bc 1.80 ± 0.1d

ab 2.18 ± 0.1c
bc 2.66 ± 0.1bc

de 2.73 ± 0.1b
d 

KSK 133 2.18 ± 0.1bc
d 3.16 ± 0.2a

bcd 1.65 ± 0.1d
bcd 1.98 ± 0.1cd

d 2.80 ± 0.1ab
cde 2.88 ± 0.1ab

cd 

KS 282 2.26 ± 0.1b
cd 3.14 ± 0.1a

cde   1.73 ± 0.1d
abc 2.05 ± 0.1bc

cd 2.83 ± 0.1ab
cd 2.90 ± 0.1ab

cd 

Basmati 370 2.61 ± 0.1b
a 3.25 ± 0.1a

bc 1.87 ± 0.1c 
a 2.37 ± 0.1bc

a 3.22 ± 0.1a
 a 3.30 ± 0.2a

a 

Basmati Pak 2.47 ± 0.1b
ab 2.98 ± 0.1ab

de 1.81 ± 0.0c
ab 2.24 ± 0.1bc

ab   2.95 ± 0.1ab
bc 3.03 ± 0.1a

bc 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
 Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
 Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
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Table-4.6.2 Extract Yield (g/100g) of Antioxidant Components from Different Varieties of Rice (Oryza sativa L.)              
Using Sonication-Assisted Orbital Shaker 

 
Varieties Methanol Ethanol Isopropanol 

100% 80% 100% 80 % 100% 80% 

Basmati Super 2.52 ± 0.1ab
b 2.65 ± 0.1a

ef 1.88 ± 0.1c
ab 1.92 ± 0.1c

de 2.73 ± 0.1a
e 2.76 ± 0.1a

a 

Basmati  515 2.17 ± 0.1c
de 2.80 ± 0.1ab

cde 1.62 ± 0.1d
c 1.88 ± 0.1c

bcde 3.45 ± 0.2a
b 3.48 ± 0.2a

de 

Basmati 198 1.92 ± 0.1c
f 2.55 ± 0.1ab

f 1.79 ± 0.1d
abc 2.04 ± 0.1bc

abc 2.92 ± 0.2a
d 2.95 ± 0.1a

e 

Basmati  385 2.22 ± 0.1bc
cd 2.91 ± 0.1b

bcd 1.93 ± 0.1c
a 1.98 ± 0.1bc

cde 3.12 ± 0.2a
c 3.15 ± 0.2a

bc 

Basmati 2000 2.76 ± 0.1ab
a 3.19 ± 0.1a

a 1.71 ± 0.1d
bc 2.05 ± 0.1c

ab 2.59 ± 0.1ab
e 2.62 ± 0.1ab

de 

Irri 6 2.39 ± 0.1bc
bc 2.97 ± 0.1ab

bc 1.78 ± 0.1d
abc 1.99 ± 0.1c

abcd 3.27 ± 0.2a
c 3.30 ± 0.2a

f 

KSK 133 2.46 ± 0.1bc
b 2.93 ± 0.2ab

bcd 1.86 ± 0.1d
ab 1.81 ± 0.1d

e 3.26 ± 0.2a
c 3.23 ± 0.2a

bc 

KS 282 2.28 ± 0.1ab
cd 2.90 ± 0.1ab

bcd 1.73 ± 0.1c
bc 1.87 ± 0.1c

cde 2.76 ± 0.1da
e 2.79 ± 0.2a

b 

Basmati 370 2.28 ± 0.1bc
cd 3.01 ± 0.2ab

b 1.84 ± 0.1c
ab 2.16 ± 0.1bc

a 3.63 ± 0.2a
a 3.67 ± 0.2a

cd 

Basmati Pak 2.04 ± 0.1bc
ef 2.76 ± 0.2ab

de 1.79 ± 0.1d
abc 2.05 ± 0.1bc

ab 3.49 ± 0.2a
ab 3.52 ± 0.2a

a 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
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Table 4.6.3 Extract Yield (g/100g) of Antioxidant Components from Bran of Different Varieties of Rice  
(Oryza sativa L.) Using Orbital Shaker 

 

Varieties 
Methanol Ethanol Isopropanol 

100% 80% 100% 80 % 100% 80% 

Basmati Super 3.41 ± 0.15b
a 4.18 ± 0.19ab

a 2.88 ± 0.11c
bcd 2.63 ± 0.12c

bcd 4.52 ± 0.21a
abcd 4.70 ± 0.23a

bcd

Basmati  515 3.14 ± 0.16b
abc 3.78 ± 0.18ab

b 2.70 ± 0.12c
d 2.47 ± 0.10d

d 4.70 ± 0.22a
ab 4.82 ± 0.25a

bcd

Basmati 198 3.06 ± 0.13b
cde 4.02 ± 0.19ab

ab 3.16 ± 0.11b
ab 2.79 ± 0.14d

ab 4.83 ± 0.19ab
ab 5.03 ± 0.27a

ab

Basmati  385 3.25 ± 0.15b
abcd 4.14 ± 0.20ab

a 2.97 ± 0.10d
bc 2.71 ± 0.12d

bc 4.16 ± 0.21ab
de 5.37 ± 0.25a

a 

Basmati 2000 3.31 ± 0.11b
ab 4.04 ± 0.18ab

ab 3.07 ± 0.13b
ab 2.80 ± 0.12d

ab 4.28 ± 0.22a
cde 4.45 ± 0.21a

d 

Irri 6 2.85 ± 0.12bc
e 4.14 ± 0.21ab

a 2.98 ± 0.11bc
bc 2.73 ± 0.11d

bc 4.40 ± 0.26a
bcd 4.54 ± 0.22a

cd

KSK 133 3.37 ± 0.13b
a 3.98 ± 0.17bab 2.71 ± 0.12d

d 2.48 ± 0.10d
d 4.39 ± 0.23a

bcd 4.62 ± 0.24a
cd

KS 282 3.02 ± 0.12b
de 4.00 ± 0.17ab

ab 2.81 ± 0.10d
cd 2.57 ± 0.10d

cd 4.56 ± 0.21a
abc 4.75 ± 0,21a

bcd

Basmati 370 3.22 ± 0.13b
bcd 4.22 ± 0.21ab

a 3.24 ± 0.16b
a 2.96 ± 0.11bc

a 5.00 ± 0.29a
a 5.39 ± 0.23a

a 

Basmati Pak 3.30 ± 0.14b
ab 4.21 ± 0.20ab

a 3.07 ± 0.15b
ab 2.81 ± 0.13c

ab 4.76 ± 0.23a
ab 4.89 ± 0.22a

bc

 Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
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Table 4.6.4 Extract Yield (g/100g) of Antioxidant Components from Bran of Different Varieties of Rice (Oryza sativa L.)       
Using Sonication-Assisted Orbital Shaker 

 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n =3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 

 

Varieties 
              Methanol              Ethanol          Isopropanol 
  100%  80%    100% 80 % 100% 80% 

Basmati Super 3.27 ± 0.17b
bc 4.11 ± 0.22ab

ab 3.16 ± 0.14b
bc 2.99 ± 0.13c

c 4.61 ± 0.22a
c 4.63 ± 0.18a

c 

Basmati  515 2.93 ± 0.11c
d 4.05 ± 0.21ab

b 2.96 ± 0.15c
cd 2.80 ± 0.10d

cd 4.87 ± 0.21a
bc 4.89 ± 0.21a

b 

Basmati 198 3.22 ± 0.14b
bc 4.03 ± 0.22ab

b 3.35 ± 0.17b
ab 3.18 ± 0.11b

ab 4.93 ± 0.24a
b 4.95 ± 0.22a

bc 

Basmati  385 3.41 ± 0.14b
b 4.01 ± 0.20ab

b 3.25± 0.15bc
bc 3.08 ± 0.12bc

b 5.26 ± 0.23a
a 5.29 ± 0.19a

a 

Basmati 2000 3.46 ± 0.13b
ab 4.29 ± 0.24a

a 3.36 ± 0.14bc
ab 3.19 ± 0.12c

ab 4.36 ± 0.21a
de 4.39 ± 0.20a

d 

Irri 6 3.16 ± 0.12b
bc 4.15 ± 0.23ab

ab 3.27 ± 0.13bc
b 3.10 ± 0.10b

b 4.37 ± 0.22a
de 4.69 ± 0.21abc 

KSK 133 3.52 ± 0.12b
a 4.22 ± 0.21ab

a 2.97 ± 0.11d
cd 2.82 ± 0.13d

d 4.61 ± 0.21a
c 4.63 ± 0.21a

c 

KS 282 3.17 ± 0.13b
bc 4.27 ± 0.23ab

a 3.08 ± 0.13b
c 2.92 ± 0.12bc

cd 4.65 ± 0.20a
c 4.87 ± 0.20a

b 

Basmati 370 3.46 ± 0.14b
ab 4.05 ± 0.21ab

b 3.59 ± 0.12bc
a 3.37 ± 0.13b

a 4.28 ± 0.29ab
e 5.31 ± 0.21a

a 

Basmati Pak 3.30 ± 0.15b
b 4.21 ± 0.22ab

a 3.36 ± 0.13b
ab 3.19 ± 0.13bc

ab 4.85 ± 0.22a
bc 4.87 ± 0.21a

b 
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Figure 4.4.1 Effect of Techniques on Extraction Yield from Rice and Rice Bran of Different Varieties in 100% Methanol                        
OS= Orbital Shaker   SS= Sonication- Assisted Orbital Shaker 
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Figure 4.4.2 Effect of Techniques on Extraction Yield from Rice and Rice Bran of Different Varieties in 80% Methanol 
OS= Orbital Shaker   SS= Sonication- Assisted Orbital Shaker 
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Figure 4.4.3 Effect of Techniques on Extraction Yield from Rice and Rice Bran of Different Varieties in 100% Ethanol 
OS= Orbital Shaker   SS= Sonication- Assisted Orbital Shaker 
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Figure 4.4.4 Effect of Techniques on Extraction Yield from Rice and Rice Bran of Different Varieties in 80% Ethanol 

OS= Orbital Shaker   SS= Sonication- Assisted Orbital Shaker 
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Figure 4.4.5 Effect of Techniques on Extraction Yield from Rice and Rice Bran of Different Varieties in 100% Isopropanol 
 OS= Orbital Shaker   SS= Sonication- Assisted Orbital Shaker 
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Figure 4.4.6 Effect of Techniques on Extraction Yield from Rice and Rice Bran of Different Varieties in 80% Isopropanol 

 OS= Orbital Shaker   SS= Sonication-Assisted Orbital Shaker 
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Table-4.7.1 Total Phenolic Contents (GAE mg /kg) of Different Varieties of Rice (Oryza sativa L.) Extracted Using Orbital 
Shaker 

 

Varieties 
Methanol Ethanol Isopropanol 

100% 80%  100%  80 %  100%  80%  

Basmati Super 201.8 ± 8.3ab
a 204.6 ± 8.4ab

cd 143.5 ± 5.5c
de 152.5 ± 4.3c

f 221.0 ± 11.9a
ef 222.2± 10.8a

ef 

Basmati  515 163.2 ± 7.6bc
de 197.7 ± 7.8b

de   133.4 ± 4.6c
def 149.2 ± 3.8bc

f 278.3 ± 12.7a
ab 279.9 ± 11.1a

ab 

Basmati 198 158.3 ± 6.9bc
e 166.8 ± 6.7b

g 130.5 ± 4.7c
f 147.9 ± 4.8bc

f 236.3 ± 10.8a
de 237.5 ± 9.9a

de 

Basmati  385 183.8 ± 8.2ab
bc 180.5 ± 7.6ab

fg 145.3 ± 3.6c
d 149.1 ± 5.1c

f 252.5 ± 12.1acd 253.7 ± 11.0a
cd 

Basmati 2000 166.6 ± 6.6b
de 213.2 ± 9.8a

c 135.2 ± 5.7bc
ef 162.1 ± 4.5b

e 208.9 ± 10.4a
f 210.1 ± 8.8a

f 

Irri 6 130.2 ± 5.2c
f 189.9 ± 8.9ab

ef 172.1 ± 5.4b
c 192.4 ± 5.1ab

c 203.8 ± 9.9ab
f 225.4 ± 9.7a

ef 

KSK 133 180.7 ± 7.2b
bc 185.7 ± 6.4b

ef 184.9 ± 4.6b
b 179.0 ± 4.3b

d 263.8 ± 13.6a
bc 265.0 ± 11.3a

bc 

KS 282 185.9 ± 8.0b
b 258.7 ± 10.5a

b 188.1 ± 5.8b
b 203.2 ± 5.9ab

b 222.6 ± 12.0a
ef 223.8 ± 10.4a

ef 

Basmati 370 172.1 ± 7.9c
cd 218.3 ± 9.8bc

c 186.2 ± 4.7c
b 218.6 ± 6.3b

a 293.6 ± 12.1a
a 294.8 ± 11.6a

a 

Basmati Pak 199.6 ± 8.4b
a 275.0 ± 7.4a

a 196.3 ± 5.3b
a 224.8 ± 7.3ab

a 281.5 ± 13.0a
ab 283.2 ± 10.5a

a 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
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Table-4.7.2 Total Phenolic Contents (GAE mg /kg) of Different Varieties of Rice (Oryza sativa L.) Extracted Using Sonication- 
Assisted Orbital Shaker 

 

Varieties 
Methanol Ethanol Isopropanol 

100% 80% 100% 80 % 100% 80% 

Basmati Super 216.9 ± 7.9bc
b 220.7 ± 10.8bc

de 191.2 ± 9.9c
a 196.2 ± 8.6c

b 325.6 ± 12.4ab
d 382.9 ± 10.1a

de 

Basmati  515 141.2 ±5.2d
f 213.9 ± 9.1bc

ef 170.1 ± 8.4c
c 177.5 ± 4.1c

cd 288.7 ± 9.7b
e 414.2 ± 11.6a

c 

Basmati 198 203.3b ± 10.1c 180.5 ± 7.1ch 181.3 ± 6.7c
abc 184.3 ± 6.6c

c 232.1 ± 10.2bc
f 307.2 ±  9.3a

g 

Basmati  385 198.7 ± 8.6bc
c 195.1 ± 8.1bc

gh 170.3 ± 8.1c
c 179.6 ± 7.5c

bc 278.4 ± b9.8e 371.1 ± 11.7a
e 

Basmati 2000 149.7 ± 7.5d
ef 229.8 ± 8.8bc

cd 173.3 ± 7.9c
bc 185.2 ± 4.4c

bc 375.4 ± 10.3c 402.2 ± 14.4a
cd 

Irri - 6 137.7 ± 5.2d
f 205.3 ± 9.1bc

fg 174.2 ± 6.3c
bc 178.2 ± 4.1c

cd 321.4 ± 8.7a
d 311.4 ± 13.1a

g 

KSK - 133 160.8 ± 5.6d
e 200.9 ± 8.4bc

fg 174.9 ± 7.2c
bc 175.4 ± 6.1c

cd    446.84 ± 11.2a
b 350.6 ± 12.0ab

f 

KS - 282 185.5 ± 6.8c
d 279.1 ± 9.2b

b 188.2 ± 6.5c
a 167.5 ± 7.3d

d 475.9 ± 9.1a
a 469.5 ± 13.9a

b 

Basmati 370 197.8 ± 7.8c
cd 236.4 ± 8.5b

c 187.6 ± 8.7c
ab 178.9 ± 7.6c

c 391.8 ± 13.4ab
c 417.2 ± 10.3a

c 

Basmati Pak 242.6 ± 8.9bc
a 296.8 ± 9.3b

a 197.4 ± 9.2c
a 219.2 ± 7.8bc

a 476.9 ± 12.3a
a 496.9 ± 11.9a

a 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
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Table 4.7.3 Total Phenolic Contents (GAE mg /kg) of Bran of Different Rice (Oryza sativa L.) Varieties Extracted Using Orbital 
Shaker 

 

Varieties 
        Methanol                Ethanol             Isopropanol 
  100%                  80% 100% 80 % 100%  80% 

Basmati Super  870.19 ± 33b
a 1071.63 ± 48b

cde 757.39 ± 23c
b 773.50 ± 35c

b 1139.66 ± 44bc
d 1418.83 ± 72a

ef 

Basmati  515 901.11 ± 36b
a 1001.24 ± 44b

de 575.71 ± 28d
f 643.65 ± 27c

de 1363.22 ± 59b
ab 1532.25 ± 68a

de 

Basmati 198 892.52 ± 42c
a 1185.38 ± 54b

ab 836.74 ± 35c
a 948.31 ± 33b

a 1271.25 ± 54ab
bc 1705.67 ± 74b

bc 

Basmati  385 861.60 ± 31c
a 1199.26 ± 45b

ab 749.05 ± 25d
b 768.46 ± 26d

bc 1120.70 ± 43bc
d 1574.85 ± 65a

d 

Basmati 2000 883.93 ± 34c
a 1024.85 ± 43b

de 547.65 ± 33d
f 656.54 ± 23d

de   895.48 ± 38c
e 1050.26 ± 64a

g 

Irri 6 863.32 ± 29c
a 1068.36 ± 46b

cde 640.30 ± 32d
de 715.84 ± 34c

cd 1218.14 ± 48ab
c 1525.89 ± 69a

de 

KSK 133 875.35 ± 30c
a 1042.59 ± 46b

cde 665.40 ± 26d
cd 644.05 ± 36d

de 1234.77 ± 54ab
c 1484.17 ± 63a

de 

KS 282 873.63 ± 31c
a 1115.03 ± 51b

bc 662.88 ± 24cd 716.53 ± 26d
cd 1049.35 ± 55bc

d 1353.86 ± 58a
f 

Basmati 370 854.73 ± 33c
a 1128.40 ± 47ab

bcd 689.78 ± 24d
c 809.75 ± 33c

b 1337.95 ± 42ab
ab 1780.89 ± 74a

b 

Basmati Pak 903.69 ± 42b
a 1227.07 ± 73b

a 792.94 ± 27c
ab 908.12 ± 38bc

a 1393.96 ± 46ab
a 1914.48 ± 77a

a 

 Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
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Table 4.7.4 Total Phenolic Contents (GAE mg /kg) of Bran of Different Rice (Oryza sativa L.) Varieties Extracted Using Sonication- 

Assisted Orbital Shaker 
 

Varieties 
          Methanol             Ethanol Isopropanol 
   100% 80% 100%         80 %       100%             80% 

Basmati Super 934.65 ± 37 bc
b 1330.58 ± 63ab

cd 668.76 ± 23d
bc 864.02 ± 42c

c 1246.21±  57ab
d 1475.18 ± 67a

c 

Basmati  515 779.53 ± 43d
d 1249.73 ± 57ab

de 561.41 ± 26d
d 787.57 ± 33d

d 940.39 ± 53bc
f 1334.69 ± 61a

de 

Basmati 198 1148.20 ± 46b
a 1479.47 ± 55ab

ab 841.39 ± 36c
a 1180.12 ± 37b

a 1841.90 ± 68a
a 1643.83 ± 47ab

a 

Basmati  385 931.46 ± 39c
bc 1359.56 ± 59ab

c 671.43 ± 31d
bc 864.02 ± 30c

c 1380.42 ± 55ab
c 1639.64 ± 58a

b 

Basmati 2000 794.26 ± 40d
d 1156.52 ± 58a

ef 499.61 ± 21e
e 860.04 ± 38c

c 785.63 ± 35d
g 1094.36 ± 45a

f 

Irri 6 866.92c ± 32c 1086.05 ± 47b
f 647.49 ± 32d

c 876.70 ± 32c
c 986.13 ± 44bc

f 1258.51 ± 63a
e 

KSK 133 779.27 ± 26d
d 1146.95 ± 53b

f 587.12 ± 22e
d 681.94 ± 29d

e 912.32 ± 37b
f 1295.28 ± 53a

e 

KS 282 869.80 ± 33c
c 1390.97 ± 65a

bc 662.88 ± 34d
bc 849.07 ± 41c

cd 1110.14 ± 39b
e 1412.10 ± 66a

cd 

Basmati 370 982.19 ± 37bc
b 1411.80 ± 55ab

ab 701.03 ± 32b 1042.96 ± 42bc
b 1421.60 ± 52ab

c 1601.35 ± 69a
b 

Basmati Pak 1098.60 ± 42bc
a 1526.05 ± 54ab

a 801.80 ± 37c
a 1136.42 ± 44bc

a 1631.75 ± 49a
b 1774.81 ± 63a

b 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 

Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
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Fig 4.5 Total Phenolic Contents (TPC) of Different Varieties of Rice (Oryza sativa L.) and Rice Bran using Solvent/Technique  

OS= Orbital Shaker   SS= Sonication- Assisted Orbital Shaker 
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Fig 4.8.1 Continued 
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Figure 4.6.1 Reducing Power of Extracts of Different Varieties of Rice (Oryza sativa L.) Produced by Orbital Shaker 
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Figure 4.6.2 Reducing Power of Extracts of Different Varieties of Rice (Oryza sativa L.) Produced by Sonication- Assisted 
Orbital Shaker 
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Figure 4.6.3 Reducing Power of Extracts of Bran of Different Varieties of Rice (Oryza sativa L.) Produced by Orbital Shaker 
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    Figure 4.6.4 Reducing Power of Extracts of Bran of Different Varieties of Rice (Oryza sativa L.)  Produced by Sonication-
Assisted Orbital Shaker 
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Table 4.8.1 DPPH Radical Scavenging Activity (IC50 mg/mL) of Extracts of Different Varieties of Rice (Oryza sativa L.)  
Produced by Orbital Shaker 

 

Varieties 
   Methanol Ethanol Isopropanol 

   100%  80%   100%    80 % 100%  80% 

Basmati Super  4.69 ± 0.22b
ab 3.77 ± 0.11cb 5.39 ± 0.25a

bcd 4.79 ± 0.13b
b 3.89 ± 0.13c

b 3.48 ± 0.16c
b 

Basmati  515 4.49 ± 0.20b
bc 3.04 ± 0.13d 6.26 ± 0.23a

a 4.47 ± 0.16b
c 3.75 ± 0.10c

b 3.42 ± 0.15c
b 

Basmati 198 4.76 ± 0.18b
ab 4.63 ± 0.15b

a 5.09 ± 0.21a
d 5.41 ± 0.21b

a 4.37 ± 0.22c
a 3.88 ± 0.16c

a 

Basmati  385 4.51 ± 0.15b
bc 3.27 ± 0.13c

c 5.20 ± 0.19a
cd 4.63 ± 0.11b

bc 3.31 ± 0.19c
c 3.01 ± 0.13c

c 

Basmati 2000 4.99 ± 0.16b
a 3.01 ± 0.12c

d 6.19 ± 0.20a
a 4.58 ± 0.10b

bc 2.44 ± 0.07c
e 2.22 ± 0.11d

e 

Irri 6 4.16 ± 0.17b
d 2.71 ± 0.09c

e 5.60 ± 0.24a
b 4.64 ± 0.21b

bc 3.23 ± 0.08c
c 2.71 ± 0.12d

d 

KSK 133 4.22 ± 0.23b
cd 2.64 ± 0.10c

ef 5.56 ± 0.18a
b 4.55 ± 0.18b

bc 2.94 ± 0.08c
d 2.67 ± 0.14d

d 

KS 282 4.15 ± 0.18b
d 2.69 ± 0.09c

e 5.47 ± 0.15a
bc 4.49 ± 0.17b

c 2.55 ± 0.06c
e 2.32 ± 0.11d

e 

Basmati 370 3.59 ± 0.12b
e 2.48 ± 0.08c

fg 5.45 ± 0.24a
bc 5.17 ± 0.14b

a 2.99 ± 0.10c
d 2.72 ± 0.10d

d 

Basmati Pak 4.51 ± 0.13b
bc 2.34 ± 0.10c

h 5.13 ± 0.16a
cd 5.15 ± 0.20b

a 2.96 ± 0.11c
d 2.69 ± 0.10d

d 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 

       Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
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Table 4.8.2 DPPH Radical Scavenging Activity (IC50 mg/mL) of Extracts of Different Varieties of Rice (Oryza sativa L.) 
Produced by Sonication- Assisted Orbital Shaker 

 

Varieties 
   Methanol Ethanol Isopropanol

   100%   80%     100%       80 %       100%         80% 

Basmati Super  4.36 ± 0.21ab
bc 3.28 ± 0.16c

c 4.77 ± 0.28a
de 4.37 ± 0.25ab

ab 4.63 ± 0.11a
bc 3.07 ± 0.13c

f 

Basmati  515 5.35 ± 0.27ab
a 4.46 ± 0.14b

a 6.12 ± 0.26a
a 4.08 ± 0.20b

bc 4.89 ± 0.21b
ab 3.23 ± 0.11c

ef

Basmati 198 3.70 ± 0.18b
d 2.58 ± 0.15d

fg 4.85 ± 0.25a
de 4.23 ± 0.18b

b 4.95 ± 0.14a
a 4.49 ± 0.13b

a

Basmati  385 4.19 ± 0.25b
c 2.79 ± 0.13d

ef 4.66 ± 0.22a
e 4.22 ± 0.24b

b 3.29 ± 0.16b
d 3.40 ± 0.10b

de

Basmati 2000 5.56 ± 0.32a
a 4.45 ± 0.12b

a 5.65 ± 0.32a
b 4.18 ± 0.22b

b 4.39 ± 0.17b
c 3.51 ± 0.14c

cd

Irri 6 4.15 ± 0.21b
c 3.10 ± 0.17c

cd 5.65 ± 0.27a
b 4.08 ± 0.19b

bc 4.39 ± 0.14b
c 3.98 ± 0.14c

b

KSK 133 4.74 ± 0.22a
b 3.69 ± 0.15c

b 4.91 ± 0.24b
de 4.15 ± 0.18b

b 4.63 ± 0.14a
bc 3.52 ± 0.16c

cd

KS 282 4.17 ± 0.18b
c 3.03 ± 0.16c

de 5.47 ± 0.24a
bc 4.10 ± 0.20b

b 4.68 ± 0.17b
bc 3.63 ± 0.11c

c

Basmati 370 3.13 ± 0.25c
e 2.19 ± 0.11d

h 5.54 ± 0.26a
bc 4.72 ± 0.23b

a 3.31 ± 0.11c
d 2.79 ± 0.11d

g

Basmati Pak 3.71 ± 0.20c
d 2.53 ± 0.14d

g 5.18 ± 0.22a
cd 3.73 ± 0.18c

c 4.88 ± 0.19b
ab 3.50 ± 0.12c

cd

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 

        Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
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Table 4.8.3 DPPH Radical Scavenging Activity (IC50mg/mL) of Extracts of Bran of Different Varieties of Rice (Oryza sativa L.)  
Produced by Orbital Shaker 

Varieties 
           Methanol            Ethanol Isopropanol
100%   80% 100%  80 %     100%         80%

 
 
 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n =3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
 

 

Basmati Super  3.83 ± 0.15b
de 2.84 ± 0.12d

b 4.19 ± 0.23a
def 3.97 ± 0.16b

de 2.88 ± 0.08d
bc 2.77 ± 0.06d

ef 

Basmati  515 3.64 ± 0.13b
ef 3.16 ± 0.14b

a 3.99 ± 0,20a
ef 3.79 ± 0.11ab

e 2.76 ± 0.07d
d 3.27 ± 0.10b

b 

Basmati 198 4.30 ± 0.14a
b 3.22 ± 0.11b

a 4.72 ± 0.19a
b 4.47 ± 0.25a

b 2.73 ± 0.08d
d 2.62 ± 0.05d

g 

Basmati  385 4.76 ± 0.15b
a 2.83 ± 0.10d

b 5.22 ± 0.24a
a 4.95 ± 0.23ab

a 2.97 ± 0.07d
b 2.87 ± 0.09d

de 

Basmati 2000 4.20 ± 0.20b
bc 2.70 ± 0.12d

bc 4.61 ± 0.22a
bc 4.37 ± 0.26ab

bc 3.25 ± 0.09b
a 3.12 ± 0.11b

c 

Irri 6 4.02 ± 0.16ab
cd 2.49 ± 0.13d

de 4.41 ± 0.21a
bcd 4.18 ± 0.18ab

bcd 2.92 ± 0.07d
b 3.47 ± 0.08b

a 

KSK 133 3.97 ± 0.13cd 2.51 ± 0.09cde 4.35 ± 0.22cde 4.13 ± 0.15cd 2.48 ± 0.08e 2.89 ± 0.06de 

KS 282 3.52 ± 0.13b
f 2.58 ± 0.11d

cd 3.86 ± 0.18b
f 3.66 ± 0.14b

e 2.88 ± 0.08d
bc 2.77 ± 0.10d

ef 

Basmati 370 4.11 ± 0.18b
bc 2.34 ± 0.11d

e 4.51 ± 0.21a
bcd 4.27 ± 0.21ab

bcd 2.67± 0.09d
d 2.98 ± 0.07d

cd 

Basmati Pak 3.95 ± 0.16b
cd 2.67 ± 0.10d

bcd 4.73 ± 0.23a
b 4.33 ± 0.22ab

bc 2.88 ± 0.07d
bc 2.69 ± 0.08d

fg 
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Table 4.8.4 DPPH Radical Scavenging Activity (IC50 mg/mL) of Extracts of Bran of Different Varieties of Rice (Oryza sativa L.)   
Produced by Sonication- Assisted Orbital Shaker 

 

Varieties 
         Methanol Ethanol Isopropanol 
100%  80%    100%    80 %   100%        80% 

Basmati Super  3.55 ± 0.16b
cd 2.46 ± 0.07c

de 3.71 ± 0.22a
d 3.63 ± 0.14a

cde 2.27 ± 0.08d
f 2.17 ± 0.05d

e 

Basmati  515 4.34 ± 0.15a
ab 3.63 ± 0.11b

ab 3.91 ± 0.23ab
cd 3.45 ± 0.18b

def 2.37 ± 0.07d
e 2.25 ± 0.06d

e 

Basmati 198 3.35 ± 0.13b
d 2.47 ± 0.05d

de 4.76 ± 0.20a
a 3.51 ± 0.12b

cdef 2.81 ± 0.08d
d 2.54 ± 0.08d

d 

Basmati  385 4.42 ± 0.21ab
ab 2.41 ± 0.09d

e 4.67 ± 0.24a
a 4.51 ± 0.18ab

a 3.08 ± 0.06b
c 3.03 ± 0.10b

a 

Basmati 2000 4.69 ± 0.19a
a 3.99 ± 0.13b

a 4.21 ± 0.21b
bc 3.98 ± 0.15b

bc 3.67 ± 0.08b
a 2.88 ± 0.07d

b 

Irri 6 4.01 ± 0.16bc 2.85 ± 0.12cd 4.44 ± 0.24ab 3.66 ± 0.14cde 3.61 ± 0.09a 2.22 ± 0.05e 

KSK 133 4.47 ± 0.15a
a 3.51 ± 0.14b

b 3.84 ± 0.15ab
d 4.19 ± 0.18ab

ab 2.97 ± 0.06d
c 2.49 ± 0.08d

d 

KS 282 3.54 ± 0.14b
d 2.91 ± 0.08cd

c 3.86 ± 0.19b
cd 3.34 ± 0.15b

ef 3.09 ± 0.08b
c 2.89 ± 0.09d

b 

Basmati 370 3.58 ± 0.16b
cd 2.06 ± 0.06d

e 4.58 ± 0.18a
a 3.89 ± 0.16b

bcd 2.49 ± 0.07d
e 2.59 ± 0.06d

d 

Basmati Pak 3.25 ± 0.25b
d 2.88 ± 0.07d

cd 4.78 ± 0.23a
a 3.14 ± 0.14b

f 3.42 ± 0.08b
b 2.73 ± 0.08b

c 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 

       Means with different subscript letters with in the same row indicate significant differences (p< 0.05) among solvents used 
 



 

  

 

 

  

         

Figure 4.7
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Figure 4.7.2 DPPH Radical Scavenging Activity of Ethanol Extracts from Rice and Rice Bran Produced by Different 
Solvents/Technique 

      OS= Orbital Shaker   SS= Sonication-Assisted Orbital Shaker 
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Figure 4.7.3 DPPH Radical Scavenging Activity of Isopropanol Extracts from Rice and Rice Bran Produced by Different 
Solvents/Technique  

   OS= Orbital Shaker   SS= Sonication Assisted Shaker 
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4.8.1 Metal Chelating Activity (EDTA Eq. g/100g) of Extracts from Different Varieties of Rice (Oryza sativa L.) Produced by 
Different Solvents Using Orbital Shaker  

 M    Methanol,   E     Ethanol,    Iso   Isopropanol  
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Figure 4.8.2 Metal Chelating Activity (EDTA Eq. g/100g) of Extracts from Different Varieties of Rice (Oryza sativa L.) Produced 

by Different Solvents Using Sonication- Assisted Orbital Shaker 
     M    Methanol,   E     Ethanol,    Iso   Isopropanol  
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Figure 4.8.3 Metal Chelating Activity (EDTA Eq. g/100g) of Bran Extracts from Different Varieties of Rice (Oryza sativa L.)  

Produced by Different Solvents Using Orbital Shaker 
M    Methanol,   E     Ethanol,    Iso   Isopropanol  
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Figure 4.8.4 Metal Chelating Activity (EDTA Eq. g/100g) of Bran Extracts from Different Varieties of Rice (Oryza sativa L.)  
Produced by Different Solvents Using Sonication- Assisted Orbital Shaker 

M    Methanol,   E     Ethanol,    Iso   Isopropanol  
 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

Bas Super Bas  515 Bas 198 Bas  385 Bas 2000 Irri 6 KsK 133 KS 282 Bas 370 Bas Pak

C
h

el
at

in
g 

A
ct

iv
it

y 

Rice Varieties 

100% M 80% M 100% E 80 % E 100% Iso 80% Iso



 

 
 

0

5

10

15

20

25

%
 Y

ie
ld

 

Figure 4.9

2.06 2.

14.64   

Basmati Super  Ba

de 

de 

9 Oil Yield (%)

.26 2.36 

15.33 

17.

asmati  515 Basmati 

bc b 

cd 

) from Differen

1.92 

26 

13.87 

198 Basmati  385 

e 

b 

e 

111 

nt Varieties of R

 
 
 
 

2.14 2.06

16.1 

Basmati 2000 Ir

Rice Varieties

Rice Rice 

cd de

bc 

Rice (Oryza sati

2.04 

13.45 
14.54

rri 6 KsK 133

Bran

e de 

de 
d

iva L.) and Ric

2.17 2

4 

16.39 

KS 282 B

bcd 

de 

bc 

ce Bran 

2.72 2.70 

19.25 1

Basmati 370 Basma

a a 

a 

 

18.87 

ti Pak 

a 



112 
 

Table 4.9 Physiochemical Characteristics of Oils from Different Varieties of Rice (Oryza sativa L.) 
 

Varieties 
Iodine Value 
(g of I/100g) 

Refractive Index 
       (40 0C) 

      Density 
(mg/mL, 25 0C) 

 
Saponification 

value(mg of 
KOH/g) 

Unsaponifiable 
matter (%) 

Basmati Super  108 ± 3.09abc 1.46 ± 0 .04a 0.92 ± 0.03a 186 ± 3 .11ab 5.41 ± 0.15bc 

Basmati  515 101 ± 4.11de 1.46 ± 0.04a 0.91 ± 0.02a 181 ± 5 .09abcd 6.05 ± 0.26a 

Basmati 198 104 ± 2.13bcde 1.47 ± 0 .02a 0.91 ± 0.01a 189 ± 6 .83a 5.33 ± 0.20c 

Basmati  385 111 ± 3.67a 1.46 ± 0.02a 0.91 ± 0.03a 185 ± 5 .76abc 4.88 ± 0.16de 

Basmati 2000 107 ± 5.31abcd 1.46 ± 0.02a 0.92 ± 0.02a 189 ± 4 .30a 5.26 ± 0.25c 

Irri 6 103 ± 4.20cde 1.46 ± 0.02a 0.91 ± 0.02a 176 ± 3 .39d 3.56 ± 0.23g 

KSK 133 109 ± 3.59abc 1.46 ± 0.02a 0.91 ± 0.01a 182 ± 5 .45abcd 4.17 ± 0.17f 

KS 282 98 ± 2.94e 1.46 ± 0.02a 0.91 ± 0.03a 177 ± 4 .94cd 4.79 ± 0.15e 

Basmati 370 110 ± 5 .44ab 1.47 ± 0.02a 0.91 ± 0.02a 180 ± 6 .05bcd 5.24 ± 0.26cd 

Basmati Pak 112 ± 4.67a 1.46 ± 0.02a 0.92 ± 0.03a 185 ± 4.56abc 5.75 ± 0.28ab 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
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Table 4.10 Fatty Acids Composition (%) of Oils from Different Varieties of Rice (Oryza sativa L.)  
  

Varieties        C 14:0    C 16:0    C 18:0    C 18:1    C 18:2  C 18:3   C 20:1 

Basmati Super  0.8 ± 0.04c 18.5 ± 0.9c 4.7 ± 0.19d 36.9 ± 2.0cd 31.8 ± 1.4ab 5.5 ± 0.22c 1.8 ± 0.02g 

Basmati  515 0.7 ± 0.03d 19.7 ± 1.0bc 5.6 ± 0.25b 37.1 ± 1.7bcd 27.9 ± 1.2de 3.5 ± 0.13d 5.5 ± 0.20a 

Basmati 198 0.8 ± 0.02c 20.0 ± 1.0ab 5.8 ± 0.22b 35.2 ± 1.6d 29.3 ± 1.4cde 5.6 ± 0.16c 3.3 ± 0.13c 

Basmati  385 0.8 ± 0.02c 21.4 ± 0.9a 4.2 ± 0.16e 42.7 ± 2.2a 30.7 ± 1.2bc 0.2 ± 0.06f ----------- 

Basmati 2000 0.6 ± 0.02e 20.2 ± 0.9ab 4.9 ± 0.18cd 41.4 ± 1.8a 30.5 ± 1.3bc 0.3 ± 0.04f 2.1 ± 0.04f 

Irri 6 0.7 ± 0.01d 19.4 ± 0.8bc 5.0 ± 0.20cd 38.3 ± 1.5bc 33.2 ± 1.5a 1.9 ± 0.05e 1.5 ± 0.03h 

KSK 133 1.1 ± 0.04b 20.4 ± 1.0ab 5.1 ± 0.21c 35.3 ± 1.2d 29.0 ± 1.2cde 5.9 ± 0.24b 3.3 ± 0.02c 

KS 282 0.7 ± 0.03d 20.1 ± 1.0ab 5.6 ± 0.22b 35.3 ± 1.6d 29.7 ± 1.7bcd 6.0 ± 0.26b 2.7 ± 0.05d 

Basmati 370 0.7 ± 0.02d 19.6 ± 0.8bc 5.8 ± 0.19b 39.9 ± 2.0ab 29.9 ± 1.8bcd 1.7 ± 0.04e 2.4 ± 0.03e 

Basmati Pak 1.5 ± 0.05a 19.2 ± 1.0bc 6.2 ± 0.25a 36.1 ± 1.3cd 27.2 ± 1.4e 6.3 ± 0.23a 3.8 ± 0.04b 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
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Table 4.11 Phytosterols Composition (%) of Oils from Different Varieties of Rice (Oryza sativa L.)  

 

Varieties Campesterol Stigmasterol     Sitosterol Stigmastanol D5, avenasterol  D7, avenasterol

Basmati Super 9.48 ± 0.38e 1.79 ± 0.06e 48.96 ± 1.46bcd 17.23 ± 0.81b 10.27 ± 0.38d 2.16 ± 0.08e 

Basmati  515 8.75 ± 0.36fg 1.45 ± 0.04g 45.67 ± 1.94efg 14.94 ± 0.55c 10.55 ± 0.46d 2.63 ± 0.11d 

Basmati 198 13.24 ± 0.47b 1.90 ± 0.08d 51.04 ± 2.30ab 16.25 ± 0.73b 12.63 ± 0.44b 3.68 ± 0.15a 

Basmati  385 8.36 ± 0.28gh 2.13 ± 0.06c 44.13 ± 1.27fg 11.45 ± 0.56d 11.34 ± 0.37c 2.54 ± 0.13d 

Basmati 2000 15.18 ± 0.37a 2.32 ± 0.05b 50.10 ± 2.10a 18.66 ± 0.63a 13.47 ± 0.56a 3.29 ± 0.16b 

Irri 6 7.93 ± 0.25h 0.78 ± 0.05h 42.97 ± 1.93g 10.25 ± 0.48e 8.99 ± 0.42e 1.65 ± 0.08f 

KSK 133 9.21 ± 0.35ef 1.35 ± 0.04g 47.97 ± 1.78cde 12.33 ± 0.60d 9.46 ± 0.35e 2.13 ± 0.10e 

KKS 282 10.63 ± 0.47d 1.65 ± 0.04f 46.25 ± 1.34def 12.05 ± 0.49d 10.33 ± 0.42d 2.06 ± 0.09e 

Basmati 370 12.04 ± 0.40c 2.03 ± 0.08c 47.33 ± 1.66cde 16.43 ± 0.50b 11.52 ± 0.54d 2.87 ± 0.14c 

Basmati Pak 13.65 ± 0.43b 2.57 ± 0.08a 49.50 ± 1.80abc 18.86 ± 0.76a 14.18 ± 0.37a 2.72 ± 0.13cd 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 0.05) among varieties tested 
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Table-4.12 Tocopherols Composition (mg/kg) of Different Varieties of Rice (Oryza sativa L.)  
 

Varieties α-Tocopherol γ- Tocopherol δ-Tocopherol 

Basmati Super  72.3 ± 2.8ab  27.5 ± 1.2ab  12.1 ± 0.6c  

Basmati  515  58.2 ± 2.4c 25.6 ± 1.3bc  10.5 ± 0.5e  

Basmati 198  69.0  ± 3.2b  28.1 ± 1.4a 11.5 ± 0.5cd  

Basmati  385  61.2 ± 2.4 c 22.5 ± 1.1de    8.5 ± 0.3f  

Basmati 2000  57.2 ± 2.1c  27.5 ± 1.3ab  10.7 ± 0.5de  

Irri - 6  39.0 ± 2.0f  21.6 ± 1.0e   6.5 ± 0.3g  

KSK 133  41.2 ± 1.9ef  24.2 ± 1.2cd    9.0 ± 0.4f  

KS 282  45.2 ± 2.0e  20.5 ± 1.0e  14.2 ± 0.6b  

Basmati 370  51.2 ± 2.7d  26.7 ± 1.3ab  16.5 ± 0.5a  

Basmati Pak  76.1 ± 3.1a  25.75 ± 1.2bc  13.7 ± 0.6b  

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 3x3) 
Means with different superscript letters with in the same column indicate significant differences (p< 
0.05) among varieties tested 
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Table 4.13 γ-Oryzanol Composition (mg/kg) of Different Varieties of Rice (Oryza sativa L.) 
 

Varieties Cycloartenyl 
ferulate 

24-Methylene 
cycloartanyl 

ferulate

Campesteryl 
ferulate 

β-Sitosteryl 
ferulate 

Basmati Super  82.2 ± 2.1d 174.3 ± 3.4b 31.0 ± 0.3f 10.2 ± 0.3f 

Basmati  515 92.4 ± 2.3b 164.1 ± 2.7c 41.4 ± 0.4c   9.8 ± 0.4c 

Basmati 198 83.5 ± 2.4d 144.3 ± 2.5ef 45.5 ± 0.3a   9.5 ± 0.5a 

Basmati  385 80.0 ± 1.9d 154.9 ± 3.1d 32.2 ± 0.5e 10.4 ± 0.4e 

Basmati 2000 88.5 ± 2.0c 147.1 ± 3.2e 36.6 ± 0.8d 10.1 ± 0.3d 

Irri 6 83.1 ± 2.1c 183.1 ± 2.3a  29.8 ± 0.3g   8.6 ± 0.4g 

KSK 133 65.5 ± 1.5f 140.2 ± 2.6f 31.5 ± 0.4ef   9.5 ± 0.5ef 

KS 282 72.0 ± 1.3e 142.9 ± 2.8ef 30.1 ± 0.5g   8.6 ± 0.3g 

Basmati 370 92.3 ± 2.1b 166.2 ± 3.1c 44.4 ± 0.6b   9.2 ± 0.4b 

Basmati Pak 103.6 ± 2.7a 171.7 ± 2.8b 45.2 ± 0.5ab   9.8 ± 0.5ab 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n = 
3x3) 
Means with different superscript letters with in the same column indicate significant differences 

 (p< 0.05) among varieties tested 
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Table 4.14 Total Contents (mg/kg) of Rice Bioactive Compounds 
 

Values are mean ± SD for three samples of each variety, analyzed individually in triplicate (n =  
3x3) 
Means with different superscript letters with in the same column indicate significant differences 

 (p< 0.05) among varieties tested 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Varieties Fatty Acids Sterols Tocopherols γ-Oryzanol 

Basmati super 19520 ± 976de 905.7 ± 45de 111.9 ± 6a 297.7 ± 15bcd 

Basmati  515 21400 ± 1010bc 932.7 ± 46d 94.3 ± 5b 307.7 ± 15ab 

Basmati 198 22420 ± 1121b 1142.7 ± 58c 108.6 ± 5a 282.8 ± 14cd 

Basmati  385 25650 ± 1282a 1050.6 ± 52c 92.2 ± 4b 277.5 ± 13de 

Basmati 2000 20330 ± 1016cd 1040.0 ± 53c 95.4 ± 4b 282.3 ± 14cd 

Irri – 6 19570 ± 978de 739.4 ± 37f 67.1 ± 3d 304.6 ± 15bc 

KSK 133 19380 ± 969de  827.2 ± 41e 74.4 ± 3c 246.7 ± 12f 

KS 282 19950 ± 997cde 853.9 ± 42de 79.9 ± 4c 253.6 ± 12ef 

Basmati 370 18240 ± 912e 865.8 ± 44de 94.4 ± 4b 312.1 ± 15ab 

Basmati Pak 25840 ± 1292a 1323.4 ± 66a 115.5 ± 6a 330.3 ± 17a 
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Chapter-5  

                               DISCUSSION   
 

 
Pakistan is overwhelmingly an agricultural country and has vast plains irrigated by five 

river systems namely Indus, Jehlum, Chenab, Ravi and Sutlaj. In the present research work ten 

approved varieties namely Basmati Super, Basmati 515, Basmati 198, Basmati 385, Basmati 

2000, Basmati 370, Basmati Pak, Irri 6, KSK 133 and KS 282 of rice, harvested from the Chenab 

river region (Kalashahkaku), were analyzed for valuable nutrients, minerals, bioactive 

components and antioxidant attributes. Rice is one of the most important crops after wheat 

among cereals which is used as a source of calories and food in Pakistan; hence the 

compositional analysis of the locally consumed rice cultivars is of much importance both from 

commercial and consumers dietary perspectives.        

   
5.1 Composition of Basic Fractions in Selected Varieties of Rice 
 

Paddy rice basically has two major fractions namely husk with smaller proportion and 

grain with greater proportion. The selected rice varieties were primarily investigated for 

composition of basic fractions (Figure 4.1). After dehulling, the yield of rice husk and brown rice 

grain ranged from 17.02-25.72 and 82.98 -74.28 g /100g paddy rice, respectively. Highest value 

of husk was found in the variety KSK 133 (25.72 g/100g) while the lowest (17.02 g/100g) in 

Basmati 515. According to the reports, the husk, protective covering of the rice kernel, accounts 

for approximately 20% by weight of the harvested grain (paddy) (Guo et al., 2002). As given in 

Figure 4.1, the proportion of bran produced from different brown rice accounted for 6.58  to 

12.50 g/100g (paddy rice weight basis), yielding white rice with contribution of approx. 65.44 to 

74.93 g/100g paddy rice weight basis. Rohrer and Siebenmorgen (2004) studied the rice bran 

(by- product) for nutraceutical compounds and reported the rice bran proportion (10-15%), the 

values somewhat higher than the present study. In another study, Juliano and Bechtel (1985) also 

investigated that bran produced in milling process constituted about 10% weight of brown rice. 

 
5.2 Proximate Composition of Rice and the By-product (Rice Bran)  

 

   The knowledge of the proximate composition of cereals, grains and fruits and 
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vegetables, being essential ingredients of human diet is of much important, especially when 

determining their functional food applications.  A number of proximate parameters covering the 

physicochemical characteristics of different food grains are of great concern (Wanyo et al., 

2009). Such compositional data provide an understanding about the factors that establish the 

properties of grains to ensure it safe, nutritious and desirable for consumers from dietary 

perspectives (Abdulaziz and -Bahrany2002).  

 
 The proximate composition of rice and rice bran of selected varieties tested in the 

present study is depicted in Table-4.1 and Table-4.2. Moisture content is one of the most 

important properties of rice that is important for several technical and commercial applications. 

Moisture contents of whole brown rice grain and rice bran evaluated were ranged from 6.84 to 

9.02% and 8.87 to 11.19%, respectively (Table-4.1, Table 4.2). Results of moisture contents for 

rice and the by-product (rice bran), mainly, were found to be varied significantly among varieties 

tested (p<0.05). In close agreement to our present moisture values, Abdulaziz and Al-bahrany 

(2002) studied two different varieties of rice and reported moisture in the range of 8.83-9.20%. 

In another study, Chun-Ying et al., (2008) investigated moisture contents of two rice cultivars 

with somewhat higher values. Paddy rice, after harvesting, contained up to 13% of moisture 

which reduced to significant level after removing the husk (Ibukun, 2008). Zhai et al., (2001) 

reported moisture contents in two wild rice (Zizania latifolia and Zizania aquatica) in the range 

of 9.12-9.54%. 

 
The “ash contents” is an indicator of the total quantity of minerals found within plant 

material. Ash contents thus determined for the selected varieties of rice using acid digestion 

method (AOAC, 1990) were lowest (1.48g/100g) in Basmati 370 and highest (1.98 g/100g) in 

Basmati Super (Table-4.1), where as in rice bran the values were 6.29 g/100g (Basmati 385) to 

7.96 g/100g (Basmati Pak) (Table-4.2). Values of ash found in the present study when compared 

with the study of Abdulaziz and Al-bahrany, (2002) revealed some higher contents. Chun-Ying 

et al., (2008) worked on the phsico-chemical attributes of different rice and reported the values 

of ash contents (1.2%) to be quite lower than the values in the present work. Kouakou et al., 

(2008) reported quite comparable results of ash contents (1.75%) to those of the present study.  

Bran, the valuable layer of brown rice, comprised 10% of ash content (Ambreen et al., 2006). In 

some previous studies (Malik et al., 1979; Rao and Reddy, 1986; Leeson and Summers, 2001), 
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the values of ash contents, in the range of 9 to 17%, were found to be considerably higher than 

the present work. Such variation in the results of ash contents for rice and rice bran with those of 

available literature can be linked to rice cultivars as well as agro-climatic conditions of the 

harvest.  

 
Protein is an important constituent of plant foods from nutritional perspectives. Aleuronic 

and subaleuronic parts of bran are rich in protein and lipids whereas low in starch granules as the 

inner endosperm. Rice protein usually has a size 0.5 to 4 µm throughout the rice structure 

(Rosario et al., 1968; Bechtel and Pomeranz, 1978), where as crystalline protein (spherical 

protein) is distributed in the subaleuronic part (Tanaka et al., 1980). The crude protein contents 

in the rice tested ranged from 7.50-9.16 g/100g (Table-4.1). Bran samples from rice contained an 

amount of protein 13.33-15.85 g/100g (Table-4.2). Generally, the results of crude protein, among 

tested varieties of rice and rice bran, were varied significantly (p<0.05).  Pinciroli et al., (2008) 

investigated the contents of protein in flour of two varieties of rice to be 8.65-9.56 g/100g. 

Abdul-Hamid et al., (2007) studied four different milling fractions of rice bran for their chemical 

attributes and reported the contents of protein within the range of 10-15 g/100g, showing the 

values in close agreement to our present data. 

  
Cereals and grains, being a reasonable source of food lipids, contribute to provide energy 

for the human body. Rice of different varieties contained lipids in the range of 1.92-2.72 g/100g 

(Table-4.1). Lipids content of bran of tested rice varieties were found to be 15.56-18.76 g/100g 

(Table-4.2). According to investigation of Abdulaziz and Al-bahrany (2002) rice contained 2.02-

2.29 g/100g of lipids, the value almost comparable with our present analysis. The present results 

of crude lipids of rice and their by-product (rice bran), in most of the cases, were found to be 

varied significantly (p<0.05) among varieties tested. Crude fat in rice has been found to be in the 

range of 2.8-3.3 g/100g (Liu et al., 2008). Comparing the oil yield of bran of selected varieties of 

rice with previous studies (McCaskill and Zhang, 1999; Abdul-Hamid et al., 2002; Lilitchan et 

al., 2008), it was found that present yields are in close agreement with those of literature. 

 
             Carbohydrates constitute an important portion of food plants. These may be classified 

according to the number of monomers present as monosaccharides, oligosaccharides or 

polysaccharides (starch). The varieties of rice tested were evaluated both for simple soluble 
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sugars and insoluble starch proportions. The amounts of starch in rice and their by-product (rice 

bran) were varied non-significantly (p>0.05) among varieties tested. Brown rice contained 

highest contents of starch (79.43 g/100g) in Irri-6 lowest (76.98 g/100g) in Basmati 385. Similar 

results were obtained for rice bran where Irri-6 has highest (28.24 g/100g) and Basmati Pak 

lowest (20.20 g/100g) amount of starch (Table 4.1, 4.2). Kouakou et al., (2008) conducted a 

study to assess rice, maize and millet grain for nutraceutical properties, and reported results of 

proximate composition of all three food grains. Rice flour contained 80-90% of total 

carbohydrates, individually comprising 72% starch and 7% sugars and 2% reducing sugars. 

Abdulaziz and Al-bahrany (2002) reported the contents of carbohydrates in two different 

varieties of Saudi rice ranging from 72-75%. Zhai et al., (2001) performed analyses on two wild 

rice species (Zizania latifolia, Zizania aquatica) and found the levels of carbohydrates (70-75%) 

to be quite similar to those determined for the present work. Overall, the tested varieties of rice 

in the present research work were found to have appropriate amount of carbohydrates for dietary 

purpose. Liu et al., (2008) characterized low phytate rice cultivar and found the amount of 

carbohydrates in the range of 70-75%, a comparable data to that of the present study. In line with 

our present data, there were several studies available on the rice bran chemical composition 

(Samli et al., 2006; Wanyo et al., 2009; Parrado et al., 2006) which recorded the levels of 

carbohydrates varying from 15-40%. Researchers suggest that dietary fiber provide skeleton to 

plants materials, similarly the bones in human body (Oduguwa et al., 2008). This definition does 

not truly support fibers for their potential application, but its use is helpful in the treatment of 

constipation and hemorrhoids (Oduguwa et al., 2008).  Fiber, especially that found in whole 

grains are not digested by enzymes in the intestinal tract. Increase in fiber content in rice and rice 

bran may improve the human health by lowering the plasma cholesterol (Abdul-Hamid et al., 

2002). Crude fibers analyzed in the present work were ranged from 0.71 to 0.92 g/100g in rice 

where as in rice bran 24.19 to 27.89 g/100g (Table-4.1, Table 4.2). Minor differences for the 

fiber contents among tested varieties of rice and the rice bran were recorded.  According to the 

reports, rice bran has higher amount of fiber than the rice (Oduguwa et al., 2008; Abdulaziz and 

Al-bahrany, 2002) 
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.5.3 Minerals Composition of Selected Varieties of Rice 

         Minerals content is often characterized by the quantity of specific inorganic constituents 

such as Na, K, Mg and Ca etc. present within a food plant. Determination of the minerals 

composition of food grain is valuable as all the minerals play an important role in the regulating 

the physiological processes of the body. Different rice genotypes contain different 

concentrations of minerals (Sangha and Sachdeva, 1999).  

The tested varieties of Pakistani rice were examined for the first time for minerals profile 

using inductively coupled plasma optical emission spectroscopy (ICP-OES). A similar study has 

been carried out by Phuong et al., (1999) for Vietnamese rice. Mineral analysis was performed 

for both macro (Na, K, Mg and Ca) and micro (Zn, Fe, Cu, Al, Mn and Pb) minerals. The results 

for mineral analysis of different varieties of rice are given in Table-4.3. The contents of most of 

the minerals varied significantly (p<0.05) among varieties of rice tested.  The amount of Na 

(sodium) varied between 89 mg/kg (Irri-6) and 109 mg/kg (Basmati 370). Both sodium (Na) and 

potassium (K) was analyzed using flame photometer. The contents of potassium (K) were noted 

to be highest of the minerals analyzed with contribution in the range of 2378 mg/kg (Basmati 

385) to 2794 mg/kg (Basmati 2000). The concentration of magnesium (Mg) was in the range of 

960 mg/kg to 1235 mg/kg. After Mg, Ca was another very important mineral with its content 

varied between 825 mg/kg (Irri-6) to 1330 mg/kg (Basmati 198). The amount of zinc was highest 

(319 mg/kg) in Basmati Super and lowest (191 mg/kg) in Basmati 198. Iron, an essential part of 

blood protein hemoglobin and also participate in some other body functions e.g. regulation of 

hormones and homeostatic conditions of body (Torti and Torti, 2011), was significantly (p<0.05) 

differed among the tested varieties of rice i.e. 186 mg/kg (Basmati 515) to 317 mg/kg (KS 282). 

Copper was found to be another micro mineral, with concentration varying between 12.61 mg/kg 

to 16.65 mg/kg in Basmati 515 and Basmati Pak, respectively. Aluminum also has considerable 

amount varying from 59.0 mg/kg (Irri-6) to 103 mg/kg (Basmati Pak). Rice varieties analyzed 

showed the contents of manganese varied from 19.3 mg/kg (Basmati Pak) to 29.9 mg/kg 

(Basmati 385). Rice varieties were also evaluated for heavy metals contamination and lead was 

found 18.45 mg/kg (Basmati 2000) to 24.25 mg/kg (Basmati 370) (Table-4.3). Contamination of 

lead in rice may be related to the agroclimatic, environmental and irrigation regimes to which the 

crop has been exposed during cultivation and growth. Lead is considered to be toxic metal due to 
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its adverse effects on human health so appropriate agricultural practices should be employed to 

minimize the lead contamination (Al-Saleh and Shinwari, 2001). In agreement with our data, 

Anjum et al., (2007) reported mineral contents of four Pakistani rice varieties to be varied 

significantly. The contents  reported by Phuong et al., (1999) of  K 497-2833 mg/kg, Mg 137-

1456 mg/kg, Ca 37-212 mg/kg, Zn 15-30 mg/kg, Cu 1.0-7.0 mg/kg, Al 2.0-16.0 mg/kg, and Mn 

5.0-32.0 mg/kg in Vietnami rice were found to be  in close agreement to those of Pakistani rice 

varieties analyzed presently. Likewise, Bennett (1993) also analyzed minerals (K, Ca, Na, Mg, 

Fe, Zn, Cu, Al, Mn and Pb) in ten varieties of rice. 

 
Marr et al., (1995) analyzed ninety samples of Australian brown rice for, S, Mg, Ca, Na, 

Al, Cu, Fe, Mn, and Zn. It was found through this study that manganese content in Australian 

rice was higher than in the present analysis where as concentrations of other elements were 

within the range of those reported for the present study. It could be revealed from the present 

analysis that tested Pakistani rice varieties are a potential source of valuable minerals especially 

the potassium (K) magnesium (Mg) and calcium (Ca). The rice varieties tested, Basmati super, 

basmati 370, Basmati Pak have relatively higher levels of these minerals. 

 
5.4 Carbohydrates Composition of Selected Varieties of Rice 
 
          Carbohydrates of rice play a key role in regulating body functions, and production of 

serotonin (mood-elevating neurotransmitter) in the brain (Attenburrow et al., 2003). Rice 

carbohydrates show moderate level of glycemic index (GI) value, which is an important indicator 

for individuals who are conscious towards controlling GI lifestyle (Jafar et al., 2008). The rice 

varieties selected were analyzed using spectrophotometer and HPLC for total soluble and 

individual carbohydrates. Additionally, the starch contents of all the rice varieties were 

determined using proximate data (Table 4.1). The carbohydrate contents of rice varieties tested 

ranged from 0.173-0.186 g/100g. Basmati varieties have relatively higher concentrations of 

soluble sugars as compared to non-basmati varieties.  

  
Individual sugars glucose, sucrose and fructose in the tested varieties of rice were 

analyzed using high performance liquid chromatography (HPLC) with refractive index (RI) 

detector. Among these three individual carbohydrates, the amounts followed the orders 

Sucrose>Fructose>Glucose (Table-4.5).  Overall, total amount of three individual carbohydrates 
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were found to be highest (1.36 mg/g) in Basmati 515 and lowest (0.54 mg/g) in Irri-6 type of 

rice. The carbohydrate composition of Pakistani rice varieties tested was found in good 

agreement to those investigated by Cao et al., (2004). The present results for carbohydrates 

contents considerably varied among tested varieties of rice.   

 
5.5 Amino Acids Composition of Rice  
 

Amino acids are building blocks of proteins. Cereals and grains show great variations in 

the amounts of amino acids, largely depending on the species, cultivar and growing conditions 

(Abdel-Aal and Hucl, 2002). Food grains like rice comprise essential amino acids, such as lysine, 

methionine, tryptophan, valine, leucine and isoleucine, which are important for human 

physiological functions and cannot be synthesize by the human body. Meister  and Anderson, 

(1983) stated in their investigation that  amino acids play very important function in escalating 

antioxidant activities, as they are precursors of two very vital natural antioxidants, taurine and 

glutathione.  

 
            High performance liquid chromatography (HPLC) analysis with derivatized aliquot of 

rice samples revealed the presence of sixteen different essential and non- essential amino acids 

(Table 4.4.1, 4.4.2). An acidic amino acid, glutamic acid, was found with highest amount in 

Basmati Super (1.51 g/100g). Glutamic acid is considered as a main constituent in the formation 

of rice proteins, having similar polypeptide composition to that of the legume proteins (Hamada, 

2000). In agreement with the findings of Parrado et al., (2006), after glutamic acid, in the present 

analysis, the second most abundant amino acid was arginine (0.48-0.86 g/100g). 

 
           The contents of arginine, glutamic acid), leucine, aspartic acid, serine, valine and lysine 

were within the range of 0.22-0.82 g/100g. Alanine, isoleucine, phenylalanine, methionine and 

tyrosine were found at moderate concentrations (0.16-0.45 g/100g), followed by histidine (0.09-

0.21 g/100g) and tyrosine (0.14-0.33 g/100g). These results are in close agreement to those 

reported by Abdul-Hamid et al., (2007) for the amino acid composition of four milling fractions 

of rice. According to Zainuddin et al., (1990), glutamic acid, glycine and methionine are the 

major amino acids of rice. Prakash and Ramanatham, (1995) reported threonine and isoleucine as 

the minor amino acids in rice. Luh et al., (1991) investigated free amino acids in rice bran and 

reported glutamic acid, alanine and serine as the major amino acids (Prakash and Ramanatham, 
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1995). The present results of amino acids were varied significantly (p< 0.05) among tested 

varieties of rice (p<0.05). 

 
5.6 Evaluation of Antioxidant Activity 

 
5.6.1 Effect of Extraction Procedures on the Extract Yields of Antioxidant Components 
         from Different Varieties of Rice and Rice Bran 
 
  Solvent extraction has gained much interest as a selective process for the isolation and 

recovery of various phytochemical components of food and medicinal value. The yield (g/100g) 

of antioxidant components from different rice and rice bran materials, extracted using six 

solvents (100% methanol and 80% methanol (methanol: water, 80:20 ml v/v); 100% ethanol and 

80 % ethanol, (ethanol: water, 80:20 ml v/v) and 100% isopropanol and 80% isopropanol) and 

two extraction techniques: orbital shaker and sonication assisted orbital shaker are shown in 

Table 4.6.1-4.6.4. Among rice varieties tested greater extract yields were recovered with 80% 

isopropanol and 80% methanol, using both of the extraction techniques.  

 
The variable extraction yields revealed that solvents have significant impact on the 

recovery of extractable components from the brown rice. The extraction efficacy of solvents used 

was isopropanol>methanol >ethanol.  Table-4.6.1 depicts the extraction yield (g/100g) using 

orbital shaker to be 2.17-2.67 in 100% methanol and 2.75-3.45 in 80% methanol. Similar ranges 

of extract yields were found with 100% ethanol and 80% ethanol 1.56-1.81 and 1.97-2.37g/100g, 

respectively. In isopropanol (100% and 80%) extract yields varied from 2.66 to 3.22 g/100g and 

2.77 to 3.30 g/100g, respectively. Similarly, using the same solvent systems and sonication-

assisted orbital shaker technique, the values of extraction yield from rice bran tested varied over 

1.62 to 3.67 g/100g (Table-4.6.2). Using100% methanol, the minimum value of extract yields, 

was obtained for Basmati 198 (1.92g/100g) while maximum for Basmati 2000 (2.76g/100g). In 

80% methanol, the value of extraction yield thus obtained was lowest in Basmati 198 

(2.55g/100g) where as highest in Basmati 2000 (3.19g/100g). Extraction carried out using 100% 

ethanol revealed that Basmati 515 has lowest yield (1.62g/100g) while Basmati 385 has the 

highest (1.93g/100g). Isopropanol (100%) offered the lowest extraction yield in Basmati 2000 

(2.59g/100g) and highest in Basmati 370 (3.63g/100g) whereas for 80% methanol, the minimum 

value was obtained in Basmati 2000 (2.62 g/100g) and maximum in Basmati 370 (3.67 g/100g). 
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Overall, 80% isopropanol as a solvent and sonication-assisted orbital shaker as an extraction 

technique, were established to be the most effective protocol for the recovery of optimum 

amounts of antioxidant components from brown rice. Wu et al., (2004) extracted wild rice with 

methanol, ethanol, and ethyl acetate and reported the extraction yields as 1.0-3.9% which is 

similar to the extraction yield obtained in the present study. Meanwhile, in another study, Devi 

and Arumughan, (2007) reported the extraction yields from rice using methanol, ranging from 

1.0 to 4.9%. 

 
As far as is concerned about the efficacy of obital shaker, the extraction yields from rice 

bran of tested rice varieties in 100% methanol were found to be in the range of 2.85-3.37 g/100g 

(Table 4.6.3). Among the varieties tested KSK 282 showed the highest yield while Irri-6 the least 

(Table 4.6.3). Extract yield obtained using 80% methanol revealed Basmati 515 with lowest 

value (3.78 g/100g) and Basmati 370 with highest value (4.22 g/100g). Extraction of rice bran 

with 100% ethanol offered 2.70 g/100g (Basmati 515) as the lowest and 3.24 g/100g (Basmati 

370) as the highest yield. In ethanol (80%), the values obtained were in the range of 2.47-2.96 

g/100g (Table 4.6.4). Similarly, in isopropanol (100%) bran of tested varieties of Basmati 370 

offered the highest extract yield (5.00 g/100g) while Basmati 385 the lowest (4.16 g/100g). The 

bran of selected varieties of rice when extracted with 80% isopropanol offered the yields ranging 

from 4.45-5.39 g/100g. Basmati 370 showed the highest where as Basmati 2000 showed the 

lowest values. In most of the cases, significant (p < 0.05) variations for extract yields were 

observed among the rice and rice bran materials using different solvent systems and extraction 

techniques.  The results indicated that generally higher extract yields from different rice 

materials were achieved using sonication-assisted orbital shaker technique then by orbital shaker, 

regardless of the solvent used  

 
The solvent system, 80 % isopropanol proved to be the most efficient for extracting 

antioxidant components from rice and rice bran.  Polar solvents are more efficient to extract 

antioxidant components (Shon et al., 2004). The ranges of the extract yields (80% methanol, 

orbital shaker) from rice and rice bran were 1.7-4.6 and 2.9-4.6 %, respectively. Similar trend for 

extract yields with 80% isopropanol, 80% methanol and other solvent systems from rice and rice 

bran was also observed using sonication-assisted orbital shaker technique, however, in the later 

case, the extract yields were higher as compared to those achieved using orbital shaker. This 



135 
 

might be attributed to the fact that ultrasonic radiations disrupt material internally for extractable 

antioxidant components (Chemat et al., 2011).  Disintegration of bubbles causes mechanical, 

physical, and chemical effects, resulting into effective disruption of biological membranes to 

ease the release of bioactive compounds thus offering higher yields (Vinatoru, 2001). 

 
The present results indicated a considerable variation of extracts yields from different 

varieties of rice and the by product (rice bran). In the literature, rarely reports are available 

regarding the yield of antioxidant extracts from rice varieties used in the present study. However, 

some studies revealed the amount of extractable components using different solvents (ethanol, 

methanol, acetone, hexane) from rice bran 10.02 to 16.71% (Chatha et al., 2006), wheat bran 

10.6% (Liyana-Pathirana and Shahidi, 2007). Hsu et al., (2006) reported that variations in the 

extract amounts from different varieties of rice can be related to the availability of different 

extractable components. The amount of the antioxidant components that can be extracted from a 

source material mainly depends on the extraction procedure and the solvent used for the 

extraction (Chemat et al., 2011; Shon et al., 2004).  

 
5.6.2 Effect of Extraction Procedures on the Total Phenolic Contents (TPC) of Rice and 
         Rice Bran 
 

There is much interest in the search of plant phenolics due to their free radical scavenging 

and other antioxidant attributes. Phenolic compounds are generally classified as simple phenols, 

having   single aromatic ring bearing at least one hydroxyl group, and polyphenols with at least 

two phenol subunits like flavonoids or having three and more phenol subunits called tannins 

(Robbins, 2003). Currently, the extraction and quantification of phenolic compounds from 

variety of plants materials has emerged as a very potential area of research in the field of medical 

and functional food sciences (Dai and Mumper, 2010).  

 
Total phenolic contents (TPC) in the present work were determined using Folin-Ciocalteu 

reagent (FCR) method and were expressed as Gallic acid equivalents (GAE). The FCR-based 

assay, commonly known as the total phenols (or phenolic) assay, involves the reduction of a 

phospho-molybadic-phosphotungstic acid to a blue colored complex under basic conditions, the 

intensity of which is measured at about 755 nm (Singleton et al., 1999). The total phenol assay is 

frequently used due to its convenience, simplicity, and reproducibility, regardless of undefined 
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chemical nature of FCR. Although this particular method (Folin-Ceocalteu reagent method) has 

some limitations but it is widely used protocol for the quantification of total phenolics in plants, 

fruits, vegetables and cereal grains (Dai and Mumper, 2010). Several studies used the FCR-based 

assay to determine the TPC of plant materials and often established excellent linear correlations 

between the “total phenolic profile” and antioxidant activity (Huang et al., 2006). There are a 

number of research studies carried out on rice and rice bran highlighting the total phenolic 

contents using Folin-Ceocalteu reagent. Using Folin-Ceocalteu method Phoency et al., (2009) 

investigated total phenolics in japonica rice, Chen and Bergman (2005) in rice bran, and 

Chotimarkorn et al., (2008) in commercial rice and rice bran extract. Hodzic et al., (2009) also 

employed Folin-Ceocalteu reagent method to compare the total phenolics of whole grains (rice, 

wheat, oat. corn, rye etc) of Bosinia and Italy.  

 
Total phenolic contents of the extracts obtained from different rice varieties, using six 

solvent systems: 100% methanol, 80% methanol, 100% ethanol, 80% ethanol, 100% isopropanol 

and 80% isopropanol were ranged from 130 mg/kg (Basmati 198) to 496 mg/kg (Basmati Pak) 

(4.7.1 and 4.7.2). Of the solvent systems used, 80% isopropanol offered the highest TPC (496 

mg/kg GAE), while 100% ethanol the lowest (130 mg/kg GAE). As far as is concerned about the 

efficacy of extraction techniques, the maximum values of TPC were obtained by sonication-

assisted orbital shaker then by orbital shaker. TPC of rice extracted with six solvent systems 

using orbital shaker were ranged from 130-294 mg/kg (Table-4.7.1) where as 141-496 mg/kg 

using sonication-assisted orbital shaker (Table 4.7.2). 

 
The amounts of total  phenolics obtained from rice bran extracts of tested varieties were  

maximum (1914 mg/kg GAE) in Basmati Pak and minimum (499 mg/kg GAE) in Basmati 2000 

using six different solvent systems (Table 4.7.3 and Table 4.7.4). Among the solvent systems 

employed, the highest value of total phenolics (1914 mg/kg GAE) was achieved by 80% 

isopropanol and lowest (499 mg/kg GAE) by 100% ethanol. TPC of all the tested varieties were 

noted to be increased using sonication-assisted orbital shaker, regardless of the solvent used. 

This effect may be attributed to the nature of extractions media, which has pronounced effect on 

extraction of polyphenolic components of rice materials. Overall, sonication-assisted orbital 

shaker was proved to be an efficient technique as compared to orbital shaker. This effect may be 

attributed to effective rupturing the rice tissues by ultrasonic radiations than by simple 
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mechanical effect of orbital shaker. The breakdown of bubbles during sonication-assisted orbital 

shaker, results into tissue rupturing releasing more bioactive components from rice bran material 

(Vinatoru, 2001). Presently, the results of total phenolics were ranged from 547-1914 mg/kg 

GAE with sonication-assisted orbital shaker and 499-1643 mg/kg GAE with orbital shaker. 

 
Generally, aqueous-organic solvents are more effective for the extraction of polyphenolic 

compounds than pure water, ethanol and methanol (Katsube et al., 2004). Our results showed 

higher values in aqueous solvents i.e., 80% isopropanol, 80% methanol and 80% ethanol. Hodzic 

et al., (2009) conducted a research work and revealed the results of TPC   295-2035 mg GAE in 

different extracts of rice showing levels in line to those in our present study In support to our 

findings of higher concentration of total phenolics in rice bran,  Hodzic et al., (2009) reported 

higher contents of phenols in brown rice (1089 mg/kg) as against  white rice (429 mg/kg), the 

significant loss, might have been due to removal of bran.   

 
Iqbal et al., (2005) reported TPC   in rice bran from four varieties of Pakistani rice ranged 

from 0.251-0.359 GAE g/100 g of dry matter showing close agreement with our study. TPC of 

rice bran in the present study, quite comparable with earlier reports (Iqbal et al., 2007; Liyana-

Pathirana and Shahidi, 2007), however, were higher than those investigated by Zhou and Yu, 

(2004).  

 
5.6.3 Effect of Extraction Procedures on the Reducing Power of Rice and Rice Bran 

 
Many antioxidant essays with varying chemical background and mechanisms have been 

established and practically employed to evaluate the antioxidant potential of pure compounds 

and plants and vegetables extracts.  Reducing power assay is based on the ability of phenolics to 

reduce Fe+3 to Fe+2 (Pulido et al., 2000). Reducing power assay was initially used to analyze 

plasma and has recently been employed to samples of several plant materials including the 

vegetables, fruits and cereals foods (Ou et al., 2002; Agbor et al., 2005; Li et al., 2006).  

 
In the present study we evaluated the antioxidant potential of the selected varieties of rice 

and their by-product (rice bran) using reducing power assay (Yen et al., 2000). Results of 

reducing power of different rice showing the effects of six extraction solvents: methanol (80%, 

100%), ethanol (80%, 100%) and isopropanol (80%, 100%) and two extraction techniques 
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(orbital shaker and sonication-assisted orbital shaker) are shown in Figures4.9.1- Fig 4.9.4. The 

reducing powers of the rice extracts (1.0 mg/mL)   tested ranged from 0.22 (Basmati 370)-

0.95(KSK 133). The results revealed that 80% isopropanol and 100% isopropanol extracts 

offered the highest values of reducing powers (0.95) while 100% ethanol extract has the lowest 

(0.22). Of the extraction techniques employed, sonication-assisted orbital shaker showed better 

efficacy towards recovering antioxidant components of potent reducing power as compared with 

orbital shaker. Reducing powers of the rice extracts derived from orbital shaker extraction were 

0.22-0.95 while those of sonication-assisted orbital shaker 0.37-0.87 (Figure 4.9.1, Fig 4.10.2). 

 
Generally, 80% isopropanol extracts (1.0 mg/mL), were found to be most potent followed 

by 100% isopropanol l> 80% methanol > 100% methanol > 80% ethanol > 100% ethanol (Figure 

4.9.1).  Order of reducing powers with regard to the varieties tested was Basmati 370 > KSK 133 

> KS 282 > Irri-6 > Basmati 515 > Basmati 198 >Basmati 385 > Basmati 2000 > Basmati Pak > 

Basmati Super. 

 
In the present study reducing powers of bran extracts (1.0 mg/mL) of the tested varieties 

of rice, using two different extraction techniques coupled with six solvent systems, were also 

appraised showing the similar trends as for rice extracts. Among varieties tested, the reducing 

powers of orbital shaker- derived bran extracts followed the order: Basmati 370 > Basmati 515 > 

Basmati 385 > Basmati 198 > KSK 133 > Irri-6 > Basmati 2000 > KS 282 > Basmati Pak > 

Basmati Super. Maximum reducing powers (0.72-1.8) were achieved for 80% isopropanol 

extracts followed by 100% isopropanol, 80% methanol, 100% methanol, 80% ethanol and 100% 

ethanol extracts (Figure 4.9.3). Eighty percent (80%) isopropanol and 80% methanolic extracts 

produced with sonication-assisted orbital shaker also offered higher reducing power among 

others. Reducing power of extracts (1.0 mg/mL) of rice and rice bran was found to be higher 

(1.60-1.70) when compared with reducing power (1.57) of BHT (1.0 mg/mL). 

 
Overall, it can be concluded that bran of selected varieties of rice has higher reducing 

potential as compared to rice. Rao et al., (2010) reported reducing power activity of methanolic 

extracts of rice bran. An increase in concentration of sample extracts showed significant effect 

on reducing power Rao et al., (2010). In our study at the same concentration, bran extracts 

showed higher levels of reducing potential than those reported by Rao et al., (2010).  
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According to Siddhuraju et al., (2002) and Yildirim et al., (2001), the reducing power of 

bioactive compounds of rice bran has direct association with antioxidant activity. In another 

investigation, Lai et al., (2009) examined that methanolic extract of rice bran showed greater 

reducing potential among others which might be attributed to the fact that more antioxidant 

bioactives have been extracted into high-polarity solvent (methanol) than in other solvents. 

However, in the present study isopropanol derived extracts offered greater reducing powers 

which reflect the effectiveness and affinity of isopropanol with polar bioactive components of 

rice and rice bran.  

 
Nam et al., (2006) investigated rice cultivars for reducing powers and reported that 

pigmented rice have greater potential than that of white rice. It has been examined by Nam et al. 

,(2006) and Rao et al., (2010) that reducing power of  rice extracts increased in a concentration 

dependent manner. Iqbal et al., (2005) measured the reducing potential of methanolic extracts of 

different rice bran and established an increasing trend for reducing powers with increasing the 

concentration.  

 
5.6.4 Effect of Extraction Procedures on the DPPH Radical Scavenging Activity of Rice and 

Rice Bran 

 
The scavenging assay of 2,2-diphenyl-1-picrylhydrazyl (DPPH.) radical is commonly 

employed for the assessment of antioxidant activity of plant materials. This radical having deep 

violet color shows intensive absorption within 515-528 nm. Chemically, this test is based on the 

ability of the DPPH0 to react with hydrogen donor species, mainly phenolics, present in the 

sample extract.  Upon receiving proton from extract constituents, DPPH radical loses its color 

and becomes yellow. With increasing the concentration of phenolic compounds or the degree of 

hydroxylation of phenolic compounds, DPPH0 scavenging activity also increases, thus 

correlating directly to the antioxidant efficacy of a typical plant material (Roginsky and Lissi, 

2005). Because these radicals are very sensitive to the presence of hydrogen donors, the whole 

system operates at very low concentration; hence, a large number of samples can be tested in a 

short time (Cheng et al., 2006).  
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DPPH radical scavenging capacity (IC50 values) of the tested varieties of rice and rice 

bran as affected by extraction systems is shown in Table 4.8.1-4.8.4. Absorbance (517nm) in this 

assay was recorded after 30 min time intervals from initiation of the reaction. Practically, 

considerable differences of DPPH0 scavenging activity (IC50 value) were found among the rice 

varieties tested. A higher value of IC50 (mg/mL) of DPPH0 is correlated to a weaker antioxidant 

activity.  

 
DPPH radical scavenging activity (IC50 value) of extracts obtained from different rice by 

using six different solvent systems, ranged from 6.26 mg/mL (Basmati 515) to 2.19 mg/mL 

(Basmati 370). Among the different extraction solvents used, 80% methanol and 80% 

isopropanol offered the best results of DPPH radical scavenging activity (IC50 value 2.19 

mg/mL) while 100% ethanol the weakest (6.26 mg/mL) Table 4.8.1-4.8.2. As for as is concerned 

about the effectiveness of extraction techniques, almost comparable  DPPH radical scavenging 

activity (IC50 value) was observed for the extracts from both sonication-assisted orbital shaker 

and simple orbital shaker methods.  

 
 In the present restudy, the observed order of DPPH radical scavenging activity (IC50 

value) among rice varieties in relation to extraction solvent was as follow: isopropanol (80%) > 

methanol (80%) > isopropanol (100%) > methanol (100%) > ethanol (80%) > ethanol (100). 

Overall, results revealed that extracts prepared by methanol (80%) and isopropanol (80%) from 

Basmati 370 extracts have superior DPPH radical scavenging activity.. The superior DPPH 

radical scavenging activity of 80% isopropanol and 80% methanol extracts may be linked to the 

polar nature of these solvents as well as their efficacy for polar extractable antioxidant 

components (Shon et al., 2004). 

 
  Similarly, the extracts of bran (1.0 mg/mL) from the tested rice varieties were also 

investigated for DPPH radical scavenging activity (IC50 value). The order of DPPH radical 

scavenging activity of bran extracts in relation to varieties tested and different solvent systems  

was followed as: 80% methanol extracts (IC50 value 2.34 mg/mL, Basmati 370) > 100% 

isopropanol extracts (IC50 value 2.48 mg/mL, KSK 133) > 80% isopropanol extracts (IC50 value 

2.62 mg/mL, Basmati 198) > 100% methanol extracts (IC50 value 3.52 mg/mL, KS 282) > 80% 

ethanol extracts (IC50 value 3.66 mg/mL, KS 282) > 100% ethanol extracts (IC50 value 3.86 
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mg/mL, KS 282). Of the two extraction techniques employed, sonication-assisted orbital shaker 

offered extracts with higher DPPH radical scavenging activity.  

 
Over all, the present results indicated that aqueous methanol and aqueous isopropanol 

extracts exhibited better free radical scavenging activity (IC50 value) in both the orbital shaker 

and sonication-assisted orbital shaker techniques. Attributable to polar nature of natural 

antioxidants, the antioxidant activity generally increases in those extracts which are prepared in 

polar solvents. 

 
 DPPH radical scavenging activity of rice bran in the present study was found to be greater 

than that reported by Cheng et al., (2006) but lower than that reported by Zhou and Yu, (2004) 

whereas, found to be comparable with investigations of Iqbal et al., (2005). Rao et al., (2010) 

investigated that DPPH radical scavenging activity of methanolic extracts of the rice bran 

followed a concentration dependent manner. Methanolic extract of rice bran comparatively, 

show higher DPPH radical scavenging ability than the methanolic extract from oat groat 

(Ghasemzadeh et al., 2011). Previously, DPPH free radical scavenging activity (IC50 value) of 

rice bran extracts, rice hulls and unsaponifiable matter of the rice bran has been reported in the 

literature (Chotimarkorn et al., 2008; Iqbal et al., 2005; Lee et al., 2005; Lee et al., 2003). The 

present DPPH free radical-scavenging activity of the extracts of rice bran was lower than that of 

BHT at the same concentration (1.0 mg/mL). According to the study of Shimada et al., (1992) 

rice bran extracts have more capability to donate hydrogen atoms, and thus might be effective as 

DPPH free radical-scavengers. 

 
 5.6.5 Effect of Extraction Procedures on the Metal Chelating Activity (EDTA Eq.) of Rice 
          and Rice Bran 
 

Iron chelating activity has reasonable correlation with antioxidant properties (Yoshimura 

et al., 1997), as iron complexing could provide defense against oxidative harm. In the present 

research work the metal chelating activity of selected varieties of rice and rice bran was 

determined against Fe2+ and reported as EDTA equivalents. Mostly, a considerable (p<0.05) 

variation was observed in metal chelating activity among the tested varieties.  Metal chelating 

activities (EDTA Eq.) of rice extracts (1.0 mg/mL), obtained using sonication-assisted orbital 

shaker and orbital shaker technique are shown in Figures 4.12.1 and 4.12.2. The highest metal 
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chelating activity was observed for sonication-assisted orbital shaker extracts while the lowest 

for orbital shaker extracts. As expected, the highest results of metal chelating activity were 

observed for 80% isopropanol and 100% isopropanol extracts and the lowest for 100% ethanol 

extracts. The order of metal chelating activity of rice extracts with regard to the solvent was 

found to be 80% methanol extract > 80% isopropanol extract > 100% isopropanol extract> 100% 

methanol extract > 80% ethanol extract > 100% ethanol extract while on varieties basis Basmati 

Pak has more potential than Basmati 515 followed by KSK 133, Basmati 385, Basmati 370, 

Basmati 198, Basmati 2000 Basmati Super and KS 282(Figure 4.12.1). 

 
The data for metal chelating activity of bran extracts (1.0 mg/mL) of the tested rice 

varieties, produced by orbital shaker and sonication-assisted orbital shaker and using six solvents 

are presented in Figure 4.12.4 and 4.12.3. 80% methanol and 80% isopropanol were more 

effective towards recovery of bran extracts of potent metal chelating activity in either of the 

extraction technique. Among the varieties tested KSK 133 showed best results followed by KS 

282, Basmati Pak, Basmati 198, Basmati 370, Basmati 515, Basmati 385, Basmati 2000, Basmati 

Super and Irri-6. 

 
The ferrous ion-chelating activity measured by Chotimarkorn et al., (2008) of rice bran 

methanolic extracts was found to be increased in a concentration dependent manner. Iqbal et al., 

(2005) reported chelating activity of four different rice bran extracts (1.0 mg/mL) and found the 

results comparable to those for the present study. Lai et al., (2009) reported methanolic extracts 

from rice bran to be superior for metal chelating activity than the ethyl acetate extracts.  Fe2+ 

chelating power (0.06-0.21 EDTA eq. mg/g bran) of the extracts analyzed by Lai et al., (2009) is 

less than that determined in the present study for Pakistani rice bran extracts (0.61-0.72 EDTA 

eq. mg/g bran) in 80% methanol. Ferrous ions have major application in the food system being 

the most effective pro-oxidants so high metal chelating powers of methanolic extracts of rice are 

beneficial (Yamaguchi et al., 1988). In support to our present analysis, several other studies also 

indicate that rice extracts have very good metal chelating activity. (Chang et al., 2001; Yang et 

al., 2008).  

Overall, on the basis of the results of different antioxidant assays employed to evaluating 

the antioxidant activity the tested varieties of rice, it could be asserted that Basmati varieties are 

superior in terms of antioxidant attributes compared to non Basmati varieties.  Among Basmati 
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rice varieties, Basmati Pak, Basmati 198 and Basmati 2000 were found to have higher 

antioxidant potential. 

 
5.7 Oil Yield from Rice and Rice Bran  
 

Rice contains considerable amount of lipids, however, the by-product of rice polishing 

industry, the rice bran, is valued as a potential source of oil with impressive functional food 

properties. In the present experiments, rice as well as the bran produced from the brow rice, were 

evaluated for lipids yields.   

             
             The results in Fig-4.13 show that among rice varieties tested there is significant 

difference (p< 0.05) observed for the amounts of crude lipids. The hexane-extracted oil yield 

from the tested varieties of brown rice varied from 1.92 g/100g (Basmati 385) to 2.72 g/100g 

(Basmati 370). In close agreement to the data of our analysis, Boonsit et al., (2010) also reported 

almost similar values for Malaysian rice, in the range of 2.0-3.07 g/100g.The oil yield from bran 

of selected varieties of rice ranged from 13.87g/100g in Basmati 385 to 19.25 g/100g in Basmati 

370.Anwar et al., (2005) reported n-hexane extracted oil contents from bran of some rice 

varieties between 14.70 and 19.10% showing close agreement with our present yields. Overall, 

among the rice varieties tested, both for rice and rice bran, Basmati 370 has the highest oil yield 

followed by Basmati Pak > Basmati 198 > Basmati 2000 > KS 282 > Basmati 515 > Basmati 

Super > KSK 133 > Basmati 385 > Irri-6.   

 
Amarasinghe and Gangodavilage, (2004) studied four different fractions of rice bran for 

oil yield and observed maximum oil yield (19.30%) in parboiled rice bran followed by stabilized 

rice bran (18.85%),  extrusion stabilized rice bran (18.67%)  and unstabilized rice bran (18.22%). 

All these four rice bran fractions offered oil yields in the range of those extracted from the bran 

of the presently tested varieties of rice.  Minor differences in the oil content with in the rice 

varieties tested may be attributed to the genotype variations (Anwar et al., 2005).  

 
5.7.1 Physico-Chemical Properties of Rice Oils 

 
The results for different physicochemical parameters including iodine value, refractive 

index, density, saponification value and unsaponifiable matter of rice bran oils are given in Table 

4.9.  
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5.7.1.1 Iodine value  
 
The iodine value is an appraisal of the degree of unsaturation of fatty acids and generally 

reported in terms of grams of iodine consumed by 100g of fat or oil. It also provides the 

information about the extent of oil stability towards oxidation. It is observed that there is linear 

relation between degree of unsaturation and iodine value. The results (Table-4.9) showed that the 

iodine value (IV) of the tested rice bran oils in the range of 98-112 g I2/100 g of oil. The highest 

IV  was determined  for Basmati Pak rice bran oil followed by Basmati 385 (111 g I2/100 of oil), 

Basmati 379 (110 g I2/100 of oil), KSK 133 (109 g I2/100 of oil), Basmati Super (108 g I2/100 of 

oil), Basmati 2000 (107 g I2/100 of oil), Basmati 198 (104 g I2/100 of oil), Irri-6 (103 g I2/100 of 

oil), Basmati 515 (101 g I2/100 of oil) and KS 282 (98 g I2/100 of oil). For most of the cases, 

significant (p < 0.05) variations were observed in the iodine values among bran oils of the tested 

rice varieties. The present iodine values of rice bran oils were slightly varied in some cases to 

those reported by Anwar et al., (2005) i.e. 105-112 g I2/100 g of oil. The IV of investigated 

varieties of rice bran oils were found to be within the range of  cottonseed (99-119 g I2/100 g of 

oil) and mustard (92-125 g I2/100 g of oil) but lower than that of soybean (120-143 g I2/100 g of 

oil) and sunflower (110-143 g I2/100 g of oil) oils (Rossell, 1991).   The iodine values of pure 

oils gradually decrease during long terms storage and repeated frying. The decrease in iodine 

value due to frying may be attributed to the thermal degradation and oxidative reactions (Sharma 

et al., 2006). 

 
5.7.1.2 Refractive Index     
 

In the present work, the values for refractive index of bran oils tested were determined at 

40 °C. It is evident from the results (Table 4.9) that the refractive index of rice bran oils varied 

between 1.4600 and 1.4700, revealing no statistical differences among varieties tested.  These 

values of refractive index of rice bran oils were fairly comparable to those of cocoa butter 

(1.4560-1.4590), Indian-fillip (1.4590-1.4620) and  cottonseed oil (1.4580-1.4660) but lower 

than those of sunflower (1.4670-1.4690) and soybean oil (1.4670-1.4700) (Rossell, 1991). 

Sharma et al., (2006) reported that refractive index of pure rice bran oil was 1.4650, the value 

within the range of   the present study. In another study by Anwar et al., (2005), refractive index 

for five different rice bran oils, 1.4650-1.4680, were found to be slightly varied to those of the 

present values. 
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5.7.1.3 Density 
 

It is used as an investigative parameter to determine the extent of oil purity. The 

increasing chain length of the fatty acids with number of double bonds, tend to increase the 

density. Every oil in natural form has a specific value of density that can be used as a supportive 

parameter for the identification of particular oil. In the present research work, the bran oils 

showed density values (25 0C) in the range of 0.91-0.92 mg/cm3 reveling no significant 

differences (p<0.05) among rice varieties tested. These values of densities of rice bran oils were 

fairly comparable to those of several vegetable oils (Rossell, 1991). Anwar et al., (2005) reported 

values of density for five different rice bran oils to be 0.90-0.91 mg/cm3.  Observations of Anwar 

et al., (2005) and Sharma et al., (2006) have close agreement with the values of oil density of the 

presently studied rice bran oils. 

 
5.7.1.4 Saponification value  
 

Saponification value provides basic information about the molecular weight of the fatty 

acids present in oil. It is evident that the fat or oil having low molecular weight fatty acids shows 

a higher saponification value. The results in Table 4.9 showed that the range of saponification 

values for the rice bran oils tested (180-187 mg of KOH/g of oil) were in close agreement with 

those reported in the literature (Rossell, 1991; Anwar et al., 2005; Sharma et al., 2006). 

Statistical analysis showed non- significant differences (P>0.05) for most of the oil 

saponification values among varieties of rice tested. Saponification values of the investigated 

varieties of rice bran oil were within the range of those of castor bean (176-187), mustard seed 

(170-184), sheanut (178-190) oils and nutmeg butter (170-190) but lower than those of sunflower 

(188-194) and soybean (188-195) oils (Rossell, 1991).  

 
5.7.1.5 Unsaponifiable matter  
 

The unsaponifiable matter of oil is mainly composed of minor bioactive components such 

as tocopherols, tocotrienols, sterols, steryle ferulates and less polar components such as squalene 

(Sayre et al., 1988; Ju and Vali, 2005). The results in Table 4.9 showed the unsaponifiable matter 

of the bran oils from the tested varieties of rice to be 3.56-6.05%. It is reported that crude rice 

bran oil contains about 4% unsaponifiable matter and 90-96% saponifiable lipids (Raghuram and 

Rukmini, 1995; McCaskill and Zhang, 1999). Recently, there has been  a much  interest in rice 
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oil due to  its unique health applications (Nicolosi et al., 1994) attributed by its high amount of 

unsaponifiable matter (Shin et al., 1997). According to Rong et al., (1997)  crude rice bran oil 

possess high amount of unsaponifiable matter (3-5%) which is many fold  higher  than that of 

commonly used vegetable oils. Currently, efforts are being made to develop rice bran oil with 

retained non-saponifiable components, while minimizing levels of problematic free fatty acids 

(Ginsberg et al., 1998). The unsaponifiable matter of the investigated varieties of rice oil was 

comparable to that of shea nut (4-8%), but higher than those of sunflower (0.3-1.3%), cottonseed 

(0.5-1.5%) and soybean oil (0.5-1.6%) (Rossell, 1991). 

   
5.7.2 Fatty Acid Composition of Rice Oils 

Rice oil samples, extracted using n-hexane, and were analyzed through gas 

chromatography (GC) after derivatizing into fatty acids methyl esters (FAMEs) .The results are 

presented in Table 4.10 showing the fatty acids (FA) composition of different rice oils. There 

were seven saturated (C14:0, C16:0, C18:0) and unsaturated (C18:1, C18:2, C18:3, C20:1) fatty 

acids detected in the oils tested. The content of saturated fatty acids (SFA) including myristic 

(C14:0), palmitic (C16:0), and stearic (C18:0) acids were in the range of 0.7-1.1, 18.5-21.4 and 

4.2-6.2%, respectively. The content of the main saturated fatty acids, palmitic acid (C16:0), was 

maximum (21.4%) in Basmati 385 and minimum (18.5%) in Basmati Super. The levels of 

unsaturated fatty acids including C18:1 (oleic acid) C18:2 (linoleic acid) C18:3 (linolenic acid) 

and C20:1 (gadoleic acid) were ranged from 35.2-42.7%, 27.2-33.2%, 0.2-6.0% and 1.5-5.5% 

respectively. It is evident that rice bran oils mainly contained oleic followed by linoleic acid.  

The level of saturated and unsaturated fatty acids in different rice oils investigated in the present 

analysis closely resembled to that of reported by Anwar et al., (2005) for some varieties of rice 

bran oil indigenous to Pakistan. The level of total saturated fatty acids content of selected 

investigated varieties of rice oils was also comparable with those of palm kernel, cottonseed and 

avocado oil reported in the literature (Rossell, 1991) but varied to those of other commonly 

grown  vegetable oils (Rossell, 1991).  

 
The level of oleic acid (C18:1 ω-9) which accounts for the major fraction of total fatty 

acids was rather comparable to those of rice bran, palm and allanblackia oils reported in the 

literature (Rossell, 1991). Anwar, et al., (2005) also reported similar results for oleic acid in 

different rice bran oils indigenous to Pakistan. The linoleic acid (C18:2 ω-6) content was found to 
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be highest (33.2%) in Irri-6 followed by Basmati Super >Basmati 385 > Basmati 2000 > Basmati 

370 > KS 282 > Basmati 198 > KSK 133 > Basmati 515 > Basmati Pak. The content of linolenic 

acid (C18:3 ω-3) was found to be maximum (6.3%) in Basmati Pak followed by KS 282 (6.0%), 

KSK 133 (5.9%), Basmati 198 (5.6%), Basmati Super (5.5%), Basmati 515 (3.5%), Irri-6 

(1.9%), Basmati 370 (1.7%), Basmati 2000 (0.3%) and Basmati 385 (0.2%) respectively. The 

gadoleic acid (C20:1) is higher (5.5%) in Basmati 515, followed by Basmati Pak (3.8%) Basmati 

198 (3.3%), KSK 133 (3.3%), KS 282 (2.7%), Basmati 370 (2.4%), Basmati 2000 (2.1%), 

Basmati Super (1.8%), Irri-6 (1.5%) and not detected in Basmati 385. Statistical analysis showed 

significant differences (p<0.05) for the concentrations of most of the fatty acids among varieties 

of rice oils tested. The amount of linolenic acid (C18:3 ω-3) in the present analysis for the 

investigated varieties of rice bran oils were found to be in accordance with that reported by 

Anwar, et al., (2005) and Rossell, (1991).  

 
The concentrations of major fatty acids C18:2, C18:1, C18:0, C16:0 of the investigated oils 

were in close agreement with those reported by Hemavathy and Prabhakar, (1987) for the rice 

bran oils indigenous to India. However, the amount of C16:0 and C18:0 in the tested rice bran oils 

varied to some extent to those investigated by Hemavathy and Prabhakar, (1987). The fatty acid 

composition of investigated rice bran oils were found quite similar in the content of C18:1 with 

those of rice bran oil indigenous to Korea (Lee et al., 2003), howoever, amounts of other fatty 

acids were varied to small extent. 

 
Rice bran is a source of essential fatty acids. It contains unsaturated fatty acids as oleic 

acid (38.4%), linoleic acid (34.4%) and linolenic acid (2.2%) and saturated fatty acids palmetic 

(21.5%) and stearic acid (2.9%) (Rukmini and Raghuram, 1991). The rice bran oil contains more 

than 75% unsaturated fatty acids of which linoleic acid constitute about 35% (CAC, 2003). The 

saturated, monounsaturated and polyunsaturated fatty acids are in the ratio of approximately 

1:2.2:1.5 (Shin and Chung, 1998; Krishna, 2002). Amarasinghe and Gangodavilage, (2004) 

reported major fatty acids palmitic, oleic and linoleic making upto 90% of the total fatty acids 

composition of the rice oil. The Japan’s Ministry of health and welfare suggested fatty acid ratio 

of saturated/monounsaturated/polyunsaturated for the healthy edible oils as 1:1.5:1 (Usha and 

Premi, 2008). The fatty acids ratio of the investigated varieties of rice bran oils falls in the given 

recommendations and reveals high ratio of monounsaturated to saturated fatty acids. As the rice 
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bran oil is unique in its fatty acid composition fulfills fatty acids requirements equal to the some 

other edible vegetable oils. Thus rice bran oil can contribute significantly to care nutritional and 

health needs of human beings.  

 
Rice oil is esteemed as an important food commodity in rice producing countries 

(Jariwalla, 2001; Kim and Godber, 2001). Traditionally, rice bran oil has been widely used in 

pharmaceutical and food industries (Sayre and Saunders, 1990). Rice bran oil is believed to be 

excellent source of antioxidants (Patel and Naik, 2004) and health promoting phytosterols 

(Stoggl et al., 2005). It contains ω-3 and ω-6 fatty acids; tocopherol and particularly oryzanol 

making it superior to other vegetable oils (Krishna et al., 2005).  

 
5.7.3 Sterols Composition of Rice Oils 

Sterol composition of oil extracted from selected rice varieties is listed in Table 4.11. The 

phytosterols content of rice lipids is higher than reported for cereal by-products such as rice bran, 

wheat bran, and wheat germ (Jiang and Wang, 2005). The phytosterols composition was  

analyzed using GC and GC-MS (Figure 4.15.1). β-sitosterol with contribution varying from  

42.97%  in Irri6 to 50.10 % in Basmati 2000 rice, was established to be the  major phytosterol 

component  found in  all the rice oils tested  followed by stigmastanol, campesterol, and ∆5- 

avenasterol. The total contents of campesterol, stigmastenol and ∆5- avenasterol within rice oils 

ranged from 31.00-47.31%. Basmati 2000 not only contained maximum content of β-sitosterol 

but also contained high amount of other three phytosterols (47.31%). It is generally observed that 

lipids obtained from Basmati varieties (Basmati 385, Basmati 2000, Basmati 370 and Basmati 

Pak) contained higher sterol contents than Irri6, KSK133 and KS 282 varieties (Table 4.11). 

Phytosterols play a positive role in reducing absorption of cholesterol and reducing the level of 

negative lipoproteins in human blood, thus potentially reducing the development of heart 

diseases (Schaefer, 2002). 

 

The most common representatives of plant sterols are β-sitosterol, stigmastenol and 

campesterol (Piironen et al., 2004). According to the reported values of Piironen et al., (2004), 

total amount of sterols was found to be 32.25 g/kg in crude bran oil and 10.55 g/kg in refined oil 

with highest value of β-sitosterol (17.45 and 5.71 g/kg) followed by campesterol (6.58 and 2.15 

g/kg), stigmasterol (2.52 and 0.58 g/kg) and ∆5- avenasterol (3.55 and 1.16 g/kg), respectively. 
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Present study also showed similar compositional trend for individual sterols as reported by 

Piironen et al., (2004). The results of sterols composition of sixteen genotypes of rice oil 

reported by Chen et al., (2007) depicted that β-sitosterol has maximum content (20-80%) then 

campesterol (5-15%), cycloartenol (> 3%) and methyl cycloartenol (< 5%). The sterols 

composition of rice oil as investigated by Chen et al., (2007) is also quite close to that in our 

present study. Gaydou and Finimanana, (1980) separated eight different sterols in rice oil using 

gas chromatograph, with major contribution of β-sitosterol (53-59%), campesterol (16-26%) and 

stigmastenol (10-13%) in close agreement with the values of sterols of present study. In 

agreement with our present data, Anwar et al., (2005) determined sterols composition of five rice 

bran oils of Pakistani origin, mainly comprising campesterol (10-19%) stigmasterol (14-19%), β-

sitosterol (49.30-58.20 %), and ∆5- avenasterol (8-13%). The composition of major sterols of the 

oils from the investigated rice varieties were quite comparable with the sterol composition 

reported for soybean, ground nut rapeseed oils whereas, varied to some other common vegetable 

oils (Rossell, 1991; Toivo et al., 2000).  

   
5.7.4 Tocopherol Contents of Rice  
 

 Tocopherols provide protection to lipids against free radicals through their radical 

scavenging action (Nesaretnam et al., 1998). Tocopherols are recognized as vitamin E isomers, 

having lipophilic property present in the pericarp and endosperm part of cereal caryopses (Panfili 

et al., 2008). Rice (Oryza sativa) is one of the rich natural sources of vitamin E like tocopherols 

and tocotrienols, containing wholesome amount up to 300 mg/kg (Shin et al., 1997).  

 
 The composition of tocopherols (alpha (α), gamma (γ) and delta (δ) tocopherols)  in the 

oils of the tested varieties of rice were determined using high performance liquid 

chromatography (HPLC) as shown in Fig 4.16.2 and calculations made on rice seed weight basis. 

The composition of different tocopherols of selected varieties of rice is shown in Table 4.12.  

The oils from all the varieties tested were contained alpha (α), gamma (γ) and delta (δ) 

tocopherols. It is evident that concentration of alpha (α) tocopherol was comparatively higher 

than other isomers of tocopherols. The maximum value of alpha (α) was found (76.1 mg/kg of 

rice seed) in Basmati Pak and minimum (39.0 mg/kg of rice seed) in Irri-6 where as Basmati 515 

(58.2 mg/kg of rice seed), Basmati 198 (69.0 mg/kg of rice seed), Basmati 385 (61.2 mg/kg of 
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rice seed), Basmati 2000 (57.2 mg/kg of rice seed), Basmati 370 (51.2 mg/kg of rice seed), KSK 

133 (41.2 mg/kg of rice seed) and KS 282 (45.2 mg/kg of rice seed). The content of γ-tocopherol 

of the selected varieties of rice was minimum (20.5 mg/kg of rice seed) in KS282 and maximum 

(28.1 mg/kg of rice seed) in Basmati 198.    The analysis revealed the amount of δ-tocopherol 

was found to be highest in Basmati 370 (16.5 mg/kg of rice seed) while lowest in Irri6 (6.5 

mg/kg of rice seed). The total tocopherols contents comprising   α-tocopherol, γ-tocopherol and 

δ-tocopherol ranged from 67.1 mg/kg of rice seed (Irri6) to 115.3 mg/kg of rice seed (Basmati 

Pak.  

 
The selected varieties of rice were found to be a potential source of α - tocopherol, γ- 

tocopherol and δ- tocopherol where as β- tocopherol was not detected. It is widely accepted that 

δ-tocopherol has greater antioxidant potency than either of γ or α-tocopherol (Phoency et al., 

2009).  Yawadio et al., (2007) studied the black pigmented rices and detected four isomers of 

tocopherols (α,β,γ,δ) with total contents amounted at 70 mg/kg. Rice bran contains over 300 

mg/kg components of vitamin E (Shin et al., 1997). Approximately 1.0% of the unsaponifiable 

fraction of rice oil is α-tocopherol. HPLC analysis of rice bran oil showed that 1.0 g of rice bran 

oil contains 3.02 mg of α-tocopherol (Qureshi et al., 2000). In addition to health benefits, rice oil 

has potential of antioxidant components to improve the storage and frying stability of oils (Kim 

and Godber, 2001). Ha et al., (2006) examined the effect of degree of milling on tocopherols in 

rice which decreased with the degree of milling. The total tocopherols contents of rice samples 

after milling were very low ((37.67 mg/kg) indicating that t removal of the hull and milling 

process reduced the content of tocopherols (Ha et al., 2006).  

 
5.7.5 Oryzanol Contents of Rice  
 

Gamma-oryzanol is a commonly found bioactive component of rice oil and rarely found 

in vegetable oils. The special feature of rice oil is its high contents of unsaponifiable matter. 

Generally, crude rice oil contains more than 2% unsaponifiable matter comprising mainly γ-

oryzanol along with phytosterols and tocopherols etc. (Yoshie et al., 2009). The antioxidant 

activity of γ-oryzanol can be attributed to its structure, which includes ferulic acid with strong 

antioxidant activity (Qureshi et al., 2000; Xu et al., 2001; Nystrom et al., 2007). Rice oil also 

possesses about 3,000 mg/kg of gamma-oryzanol, which is a mixture of ten components of 
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ferulate esters of triterpene alcohol (Xu and Godber, 1999). Gamma-oryzanol present in brown 

rice can be extracted by using organic solvents like n-hexane etc.  

 
The γ-oryzanol contents in oils of the tested varieties of rice were analyzed using HPLC 

(Fig 4.17.2) and calculations made on rice seed weight basis. The composition of γ-oryzanol 

(mg/kg of brown rice) of different varieties of rice revealed the presence of four different 

components of gamma-oryzanol including those of cycloartenyl ferulate, 24-methylene 

cycloartanyl ferulate, campesteryl ferulate and β-sitosteryl ferulate. The amounts of these 

components mostly varied (p<0.05) among selected varieties of rice. The content of cycloartenyl 

ferulate was found to be maximum 103.6 mg/kg in Basmati Pak and 65.5 mg/kg as minimum in 

KSK-133. The level of the major component, of 24-methylene cycloartanyl ferulate, among rice 

varieties tested varied from 140.8-183.1 mg/kg. Campesteryl ferulate, the third major component 

detected ranged from 29-45 mg/kg while the least prevalent compound namely β-sitosteryl 

ferulate was 8.56-10.42 mg/kg. . Overall, the contents of the detected γ-oryzanol components 

were higher in the Basmati varieties of rice (Basmati Pak, Basmati Super and Basmati 370) 

revealing their higher antioxidant nutritional potential. The other varieties tested also contained 

considerable levels of γ-oryzanols.  

 
             Xu and Godber, (2000) extracted gamma-oryzanol from rice oil yielding an amount 

maximum 1.68 mg/g of rice bran Norton (1995) reported that the complete oryzanol group is 

unique in  rice bran oil and the exact composition of oryzanol depends on the rice cultivars.  

Almost ten different fractions of gamma-oryzanol isomers from rice have been successfully 

identified and isolated using reverse-phase HPLC (Xu and Godber, 1999). According to reports, 

the contents of γ-oryzanol (115-780 mg/kg) differ with the source of rice bran oil, depending on 

the degree of processing (Rogers et al., 1993). Azrina et al., (2008) analyzed  oryzanol  in rice 

and the values determined  were in agreement to those of the present study The rice processing 

methods  may affect oryzanol contents and a  major part of this valuable compound  is lost 

during the oil refining process(Nicolosi et al., (1994).  

 
5.8 Total Contents of Selected Bioactive Compounds of Rice            

            The total contents, calculated on rice seed weight basis, of fatty acids, phytosterols, 

tocopherols and γ-oryzanols in the tested varieties of rice are given Table 4.14. The total 



152 
 

amounts (mg/kg of rice seed) of fatty acids, phytosterols, tocopherols and γ-oryzanols among 

varieties of rice tested varied from 18,240-25,840 mg/kg, 739.4-1323.4 mg/kg, 67.1-115.5 mg/kg 

and 246.7-330.3 mg/kg, respectively.  

 
           The amount of total fatty acids was found to be highest in Basmati Pak (25840 mg/kg) 

while lowest in Basmati 370 (18240 mg/kg). Lilitchan et al., (2008) reported the total amount 

of fatty acids in rice in the range of 18,000-21,000 mg/kg in rice, the values quite close to our 

present data. The total contents of  fatty acids determined  in the present  work were also in close 

agreement with  those reported by Tanaka et al., (1973) (approximately 18,000-22,000 mg/kg) 

while  considerably higher than those (13000-19000 mg/kg) investigated by Amissah et al., 

(2003).   

 
         According to Piironen et al., (2000) vegetable oils and their products are regarded as the 

rich natural sources of sterols, followed by cereal grains, cereal-based products and nuts. Plant 

sterols occur in cereals as free sterols, and in bound state as steryl esters of fatty and phenolic 

acids and glycosides. As far as the total amount of sterols is concerned, the highest level (1323.4 

mg/kg) was found in Basmati Pak and the lowest (739.4 mg/kg) in KSK -133. No quantitative 

data for the total sterol contents of rice is reported as such with which we can compare our 

present values. Toivo et al., (1998) reported total amount of rice sterols (7310 mg/kg of oil). 

Showing a similar level of total sterols as found in tested varieties of rice in the present research 

work. Comparing the present rice phytosterols data (739.4-1323.4 mg/kg)   with that of wheat 

having an amount of 600 mg/kg (Toivo et al., 2000), it could be understandable that rice 

varieties tested are richer source of these valuable components.  

 
          Tocopherols, distributed in different cereals and grains, exhibit diverse antioxidant 

activities (Madhavi et al., 1996). The strong antioxidant effect of tocopherols is achieved by 

transference of a hydrogen atom to a lipid peroxy radical to form lipid hydroperoxide and 

tocopheryl radicals (Kamal-Eldin and Appelqvist, 1996). The total amount of tocopherols in rice 

varieties tested was highest in Basmati Pak (115.55 mg/kg) while the lowest in Irri-6 (67.1 

mg/kg) (Table 4.14). According to several literature reports, rice and especially the rice bran oil, 

is a very good source of tocopherols which also contribute to higher antioxidant potential of this 

cereal food (Chen and Bergman 2005; Chotimarkorn et al., 2008).The total amount of γ-oryzanol 
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components was found to be maximum (330.3 mg/kg) in Basmati Pak where as minimum (246.7 

mg/kg) in KSK-133. As evident from literature reports, mostly γ-oryzanols are distributed in the 

bran layers of grains and thus contribute to higher concentrations in cereals lipids. Chen and 

Bergman, (2005) investigated samples of rice bran for total oryzanol contents and reported an 

amount of4.2 mg/g while Chotimarkorn et al., (2008) 1.08 mg/g, supporting our findings.  

 
Overall, we concluded that tested varieties of Pakistani rice, and especially Basmati 

cultivars, are good source of valuable nutrients and high-value components such as tocopherols, 

phytosterols and gamma-oryzanol, suggesting the uses of these rice cultivars for functional food 

and nutraceutical application. Besides, it is also evident that variations may exist for the 

distribution of total phenolics, antioxidant attributes and other bioactives/nutrients in relation to 

the rice genotype, as well as a function of extraction system used for the isolation of such 

components. Therefore, appropriate extraction solvents/techniques should be sought for the 

maximum recovery of potent rice antioxidants. Comprehensive studies on the isolation, 

purification and structural elucidation of some novel rice bioactives/phenolics coupled with 

activity-directed evaluation of these compounds for specific functional food application is 

strongly recommended.  
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                              SUMMARY   
 

 
Rice is the second largest valuable staple food in Pakistan and also as a cash crop 

contributing significantly to value addition in the country’s economy in terms of export. Pakistan 

is among the world’s major rice producers. Rice export in Pakistan has now been raised from 1.3 

million tons (1983) to 3.6 million tons in 2010. As a result of rice polishing to produce white 

rice/polished rice; a huge quantity of  rice bran is also produced which is often discarded as an 

agrowaste and could be utilized for the production of useful oil and other value added products. 

  
 With the consciousness about the health benefits of functional foods, defined by the   

biochemical composition and nutrient specificity, currently much need exists for the analysis of 

valuable components in rice. Although, the basic nutrients composition of rice is extensively 

studied around the world, however, rarely detailed biochemical compositional data is available 

on the cultivars, especially, with regard to the profiles of high-value components. With this in 

mind, a comprehensive study was planned with the main objective to characterize local rice 

(Oryza sativa L.) cultivars and their by-product (rice bran) for detailed analysis of valuable 

nutrients, bioactives and antioxidants characteristics. Samples of ten approved rice varieties 

(Basmati super, Basmati 515, Basmati 385, Basmati 198, Basmati 2000, Basmati 370, Basmati 

Pak, KSK 133, KS 282 and Irri 6), commonly cultivated in Pakistan, were harvested and 

analyzed. The research work presented in this dissertation was conducted in the laboratories of 

the Department of Chemistry and Biochemistry, University of Agriculture Faisalabad (UAF), 

Faisalabad, Pakistan; High Tech Centre, UAF,  Faisalabad, Pakistan; Institute of Horticultural 

Sciences, UAF, Faisalabad, Pakistan; Plant Physiology Laboratory, Department of Botany, UAF,  

Faisalabad, Pakistan. Sitara Chemicals Industries Pvt. Ltd. Faisalabad, Pakistan; Rafhan Maize 

Products, Pvt. Ltd. Faisalabad, Pakistan; Nuclear Institute for Agriculture and Biology (NIAB)’ 

Faisalabad, Pakistan and Defence Science and Technology Organization (DSTO), Rawalpindi, 

Pakistan.  

 
  Preliminary experiments were conducted to appraise the proximate parameters and 

minerals, soluble carbohydrates and amino acids profile. Besides, the effects of six extraction 

solvents (100 and 80% methanol, 100 and 80% ethanol and 100 and 80% isopropanol) and two 
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extraction techniques (orbital shaker and sonication-assisted orbital shaker) on the antioxidant 

attributes and total phenolics of the rice and rice bran were evaluated. Rice lipids were 

analytically characterized for the fatty acids, phytosterols, tocopherols and γ-oryzanol profiles 

using HPLC, GC and GC-MS, where applicable.  

 
The contents of moisture (6.84-9.02, 8.87-11.19 g/100g), crude protein (7.50-9.16, 13.23-

15.85g/100g), crude fiber (0.71-0.92, 24.19-27.80 g/100g), crude fat (1.92-2.72, 15.56-18.76 

g/100g) and ash (1.48-1.98, 6.29-7.96 g/100g) for rice and rice bran, respectively showed slight 

variations among varieties tested. The concentration of minerals including sodium, potassium, 

calcium, magnesium, iron, zinc and aluminum differed significantly (p> 0.05) within the rice 

varieties tested. Basmati rice cultivars possessed the highest range of macro minerals like 

potassium (2578-2794 mg/kg), magnesium (960-1235 mg/kg) and micro minerals like zinc (191-

321 mg/kg) and iron (191-317 mg/kg). Among the sixteen detected amino acids, glutamic acid 

(0.91-1.51 g/100g), arginine (0.46-0.86 g/100g) and aspartic acid (0.46-0.75 g/100g) were found 

as the major components whereas of the three carbohydrates analyzed, sucrose (0.28-0.48 

g/100g) was found to be the main sugar component. 

 
Aqueous solvents (80% isopropanol and methanol) using sonication-assisted orbital 

shaker produced higher extraction yields of rice and rice bran antioxidant components in terms of 

total phenolics contents and DPPH radical scavenging capacity, reducing power and ferrous ion-

chelating activity Mostly, significant (p < 0.05) differences in the extraction yield, total phenolics 

and antioxidant activity of rice and rice bran were noticed in relation to the extraction techniques 

and the solvents employed. Rice oils produced from different varieties consisted of palmitic 

(18.5-21.4%), oleic (35.2-42.7%) and linoleic (27.2-33.2%) as the main fatty acids; β-sitosterol 

(42.9-50.1%), stigmastanol (10.2-18.8%), and campesterol (7.9-13.6%) as the main phytosterols. 

The tested rice contained appreciable amounts of α-tocopherol (39.0-76.1 mg/kg rice seed), γ-

tocopherol (20.5-28.1 mg/kg rice seed) and δ- tocopherol (6.5-16.5 mg/kg rice seed) while 24-

methylcycloartenyl ferulate (140.2-183.1mg/kg rice seed), cycloartenyl ferulate (72.0-103.6 

mg/kg rice seed), and campesteryl ferulate (29.8-45.5 mg/kg rice seed) were the major γ-

oryzanol components detected. Overall, on the basis of nutrients, high-value bioactives, and 

antioxidant attributes Basmati Pak, Basmati 198 and Basmati 2000 were established to be 
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relatively the superior varieties among others suggesting their potential uses as ingredients of 

functional foods and nutraceuticals to benefit health of consumers and promoting value-addition. 

 
              Besides, it is also evident from the present investigation that variations may exist for the 

distribution of total phenolics, antioxidant attributes and other bioactives/nutrients in relation to 

the rice genotype, as well as a function of extraction system used for the isolation of such 

components. Therefore, appropriate extraction solvents/techniques should be sought for the 

maximum recovery of potent rice antioxidants. Comprehensive studies on the isolation, 

purification and structural elucidation of some novel rice bioactives/phenolics coupled with 

activity-directed evaluation of these compounds for specific functional food application is 

strongly recommended. There is further need for activity-directed assessment of individual rice 

bioactives for medicinal health functions using some in-vivo models and epidemiological studies. 
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