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ABSTRACT 
 
       All purple non-glutinous brown rice and rice bran samples were obtained from 
Centre of Excellence for Rice Molecular Breeding and Product Development, 
Kasetsart University, Kamphangsaen, Nakhon-Pathom, Thailand.  The objectives were 
to determine antioxidant activities by oxygen radical absorbance capacity (H-ORAC) 
and ferric reducing antioxidant power (FRAP) assay and antioxidant contents 
(anthocyanidins, vitamin E, and β-carotene by HPLC method), total polyphenol (by 
Folin-Ciocalteau method) of various purple brown rice variety and rice bran and lastly, 
to evaluate the cooking and storage effect on antioxidant contents and antioxidant 
activities in purple rice model and also to evaluate the correlation  between H-ORAC  
and FRAP value and antioxidant contents in all the rice samples.  
      The purple brown rice #49-6-6-10-1-0, #24-11-7-7-2-0, #24-11-7-6-1-0 and #53-4-
6-3-1-0 crossed breeding from Khaw kumdoichang X Khaw Hom Phama, were the 
best sources of antioxidant activity, total anthocyanidins (157.86 to 279.03 mg/100g 
dry weight), vitamin E (1,755.90 to 2,290.24 µg/100g dry weight) and total 
polyphenol content (687.00 to 850.50 mgGAE/100 g dry weight), whereas  rice # 94-
36  crossed breeding from Hom suphan X Chao Hom  Nil showed the greatest content 
of β-carotene (90.57 µg/100g dry weight).  Pigmented rice bran had significant higher 
content of antioxidant activities, total polyphenol, and anthocyanidins than white rice 
bran whereas vitamin E and β-carotene in white rice bran were similar to the value of 
purple rice bran. High correlations were observed between antioxidants activity and 
antioxidants content in the rice sample with r = 0.863 to 0.964. 
       During the cooking, the antioxidant activities, total polyphenol and 
anthocyanidins content in both purple brown and polished rice declined by 46.4% and 
58.8%, respectively, whereas small changes was observed in vitamin E and β-carotene 
content. 
       Storage led to a decrease in antioxidant activities, total polyphenol, 
anthocyanidins, and β-carotene content in both rice and the decline of anthocyanidin 
was greater at room temperature than at refrigerator after 3 month, while 3-month 
storage in room temperature of brown pigmented rice led to the increase in vitamin E 
content.   
       Pigmented brown rice varieties with high antioxidant activity and antioxidants 
content of this study may be an alternative as new health-promotion rice cultivars to 
protect non-communicable chronic diseases for people. 
 
    KEY WORDS: ANTIOXIDANT ACTIVITY / PIGMENTED RICE / POLYPHENOL / 
                              ANTHOCYANIDIN / VITAMIN E / β-CAROTENE 
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แอนโทไซอะนดินิ วิตามินอี และเบตาแคโรทีน ซ่ึงวัดโดยวิธี HPLC) และปริมาณรวมสารโพลฟีนอล (ซ่ึงวัดโดยวิธี 
Folin-Ciocalteau) ของขาวเจาสีมวงสายพันธุตางๆและรําขาว นอกจากนี้ไดศกึษาผลของการหงุขาวและการเก็บ
รักษาตอความสามารถในการตานอนุมูลอิสระ ปริมาณรวมสารโพลฟีนอล แอนโทไซอะนิดนิ วิตามินอี และเบตาแคโรทนี 
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ตานอนุมูลอิสระที่มีอยูในขาวอีกดวย 
       การศึกษาพบวาขาวสีที่ผสมจากขาวก่ําดอยชางกับขาวหอมพมาโดยเฉพาะขาวสายพันธุ  #49-6-6-10-1-0, 
#24-11-7-7-2-0,  #24-11-7-6-1-0, และ #53-4-6-3-1-0 มีความสามารถในการตานอนุมลูอิสระดีทีสุ่ด 
เมื่อวัดโดยวิธี FRAP และ H-ORAC และมีปริมาณสารแอนโทไซอะนดิิน (157.86 - 279.03 mg/100g 
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ยกเวนปริมาณวติามินอแีละเบตาแคโรทีนมีปริมาณไมแตกตางกัน จากการศึกษาพบวาความสามารถในการตานอนุมูล
อิสระสัมพันธกบัปริมาณสารโพลฟีนอลและสารแอนโทไซอะนดิินทีม่ีในขาวสี (r =0.863 - 0.964) 
       ผลการศกึษาแสดงวาความสามารถในการตานอนุมลูอิสระ ปริมาณรวมสารโพลีฟนอล ปริมาณรวมแอนโทไซอะนิ
ดิน ในทั้งขาวกลองและขาวขัดของขาวสายพันธุ 1000-11-2-26 ลดลงประมาณ 46.4% และ 58.8% ตามลําดับ
ระหวางการหุง ขณะที่การหุงทําใหปริมาณวิตามินอีและปริมาณเบตาแคโรทีนลดลงเพียงเล็กนอย 
        การเก็บรักษาขาวเปนเวลา 3 เดือนที่อุณหภมูิหองทําใหความสามารถในการตานอนุมลูอิสระ ปริมาณรวมสารโพ
ลีฟนอล ปริมาณแอนโทไซอะนดินิ และเบตาแคโรทีนลดลงมากกวาขาวที่เก็บไวในตูเย็น ขณะที่ขาวกลองมีปริมาณวิตามนิ
อีเพิ่มขึ้น และไมมีการเปลี่ยนแปลงอยางมีนัยสําคัญตอปริมาณวิตามนิอีในขาวที่เก็บทีตู่เย็น  
       ขาวสีสายพันธุตางๆที่มีสารตานอนุมูลอิสระและความสามารถในการตานอนุมลูอิสระในการศึกษาครั้งนี้อาจเปน
ทางเลือกหนึ่งในการใชขาวเปนอาหารสงเสริมสุขภาพเพื่อปองกันโรคเรื้อรังตางๆ 
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CHAPTER 1 

INTRODUCTION 
 

 

      Chronic and degenerative disease such as cardiovascular disease, cancer, and 

diabetic mellitus are the major public health problem in developed and developing 

country. WHO reported that chronic diseases such as cardiovascular disease, cancer, 

and diabetic mellitus are leading cause of mortality in the world, representing 60% of 

all death. An estimated 16.6 million or one-third of total global death resulted from 

cardiovascular disease in 2001. Moreover, WHO estimated that by 2010 

cardiovascular disease will be the leading cause of death in developing countries (1).  

Death from cancer in the world are projected to continue increasing, with an estimated 

9 million people death from cancer in 2015 and 11.4 million death in 2030(2). In 

Thailand, the reported from WHO in 2002 showed that cardiovascular disease, cancer, 

and diabetic mellitus are in the top ten causes of death. 

       Oxidative stress has been associated with the development of many chronic and 

degenerative diseases, including cardiovascular disease (3), cancer  (4, 5), and 

neuronal degeneration such as Alzheimer’s disease and Parkinson’s disease(4), as well 

as being involved in the process of aging. Reactive oxygen species (ROS) can damage 

biological molecules such as proteins, lipids and DNA. ROS are generated as by 

products of normal cell aerobic respiration that is essential to life. Usually, human 

body has natural defense system for scavenging the free radicals but the capability of 

natural defense systems of living organism against excess production of these species 

decreases when influenced with negative environmental factors such as air pollutions 

and cigarettes smoking, chemicals, environmental toxins and aging. As a result, 

different cellular and extra cellular components, and especially nucleic acids, DNA, 

protein and lipid are damage, causing or enhancing a number of degenerative diseases. 

Therefore, antioxidants that are believed to play a very important role in body defense 

system against reactive oxygen species (ROS) are of great value in preventing chronic  

and degenerative diseases. 
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       Antioxidants have increasing interest by nutritionist and medical researchers for 

their potential effects in the prevention of chronic and degenerative diseases such as 

cancer and cardiovascular disease as well as aging (3, 6, 7). Epidemiological studies 

have provided evidence of an inverse association between diet rich in fruits and 

vegetables and these diseases(8-10). These health promotion effects may be related to 

components in the foods with antioxidant activity. The ability of antioxidants to 

scavenge free radicals in human body thereby decrease the amount of free radical 

damage to biological molecules like lipids and DNA may be one of their protective 

mechanisms (11). Thus increasing intake of dietary antioxidants may help to maintain 

an adequate antioxidant status and normal physiological function of a living system. 

That is why diet with antioxidant properties becomes a topic of increasing interest all 

over the world. 

         Rice (Oryza sativa L.) is a major cereal crop in the developing world and an 

importance staple food source for over half of the world’s population. In Asia alone, 

more than 2,000 million people obtain 60 to 70 percent of their calories from rice and 

its products. In Thailand, rice is not only importance as a staple food but also as an 

economic crop. Thailand is one of the world's biggest rice producers, with paddy 

output of 27 million tones in 2003. Thailand is also the world's biggest rice exporter: 

annual shipments are worth more than $2,000 million and reached 7.5 million tones in 

2003 (12). Although widely consumed as white rice, there are many special cultivar of 

rice that contain color pigments, such as black rice and red rice and inhabitants of 

southeastern Asia have a long history of black rice consumption. Black rice and red 

rice has been considered to be a healthy food in Korea, Japan and China (13). 

         Pigmented rice varieties have potential to promote human health because they 

contain antioxidative compounds that have the ability to inhibit the formation or to 

reduce the concentrations reactive cell-damaging free radicals(14-17). These 

compound include anthocyanin(18, 19), γ-Oryzanol(20), vitamin E and phenolic 

compounds(21). Besides it is well documented that consumption of rice bran can 

produce a hypocholesterolemic effect as well as antioxidant activity, attributed in 

major part to the presence tocotrienols and γ-Oryzanol (20, 22, 23). Feeding black rice 

to rodents in place of white rice has resulted in increased high-density lipoprotein 

concentration in hypercholesterolemic rabbits, which corresponded to a reduction in 
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the size of atherosclerotic lesions in these same animals (24). A recent report showed 

that the supplementation of atherogenic diets with black rice pigment markedly 

reduced oxidative stress and inflammation in addition to modulating atherosclerotic 

lesions in the apolipoprotein E deficient mice (25). These findings indicate that 

compounds present in pigmented black rice, which absent in white rice, provide 

cardiovascular protection in addition to the lipid-soluble components present in rice 

bran (20). Moreover in the recent study showed that the bran of pigmented rice 

varieties have greater antioxidant and free-radical scavenging activities than bran of 

non-pigmented rice (26, 27).  These studies suggest that pigmented rice varieties may 

have beneficial effects in human diet. Such rice cultivars may have special genes for 

plant breeding interested in using new techniques in their breeding and plant molecular 

biology may generate new varieties with high antioxidative potential to be used as 

health-promoting foods. The objective of present study was to determine the 

antioxidants content (vitamin E, beta-carotene, total polyphenols, and anthocyanidin 

content and antioxidant activity (hydrophilic ORAC and FRAP) in pigmented rice 

varieties and rice bran and search for new breeding varieties with high antioxidative 

potential to be used as health-promoting foods. 
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CHAPTER 2 

OBJECTIVE 
 

 

General objective 

         To determine antioxidants content and antioxidant activity on new breeding 

variety of pigmented rice and rice bran and to evaluate the influence of the cooking 

and storage on the change of vitamin E, β-carotene, total polyphenol, anthocyanidins 

content including antioxidant activities in pigmented rice model.  In addition, in 

present study discover new breeding varieties of pigmented rice and bran with high 

antioxidative potential to be used as health-promoting foods. 

 

Specific objective  

1. To determine antioxidants contents; vitamin E, β-carotene, total polyphenol, 

and anthocyanidin content in pigmented rice varieties and bran. 

2. To determine antioxidant activities (hydrophilic; ORAC and FRAP) in 

pigmented rice varieties and bran. 

3. To evaluate the correlation between antioxidant activities and antioxidants 

contents of pigmented rice varieties. 

4. To evaluate the effect of cooking on the change of antioxidant activities and 

antioxidants content in raw and cooked rice model. 

5. To evaluate the change of antioxidant activities and antioxidants content in 

pigmented rice model during the storage in room temperature and in 

refrigerator for 3 months. 
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CHAPTER 3 

LITERATURE REVIEW 
 

 

3.1  Rice(12),(29) 

         Rice (Oryza Sativa L.) is a short-lived plant related to the grass family, with a 

life cycle of 3-7 months. The span of one cycle varies, depending on its type and the 

growing environment. Rice growing requires an extensive irrigation system and 

properly leveled fields. A uniformly leveled field enables each rice kernel to absorb 

the same amount of moisture from the field. This uniform moisture level will maintain 

a consistency in the rice quality. If the moisture level runs too high, the rice may spoil 

faster. 

         Rice (genus Oryza) is the most staple food for more than half of the world 

population. In Asia alone, more than 2,000 million people obtain 60 to 70 percent of 

their calories from rice and its products. Of 23 Oryza species, two are cultivated: 

Oryza sativa, which originated in the humid tropics of Asia, and Oryza glaberrima 

Steud, from West Africa. Asian cultivated rice has evolved into three eco-geographic 

races – indica (planted in tropical areas such as India and the Philippines, including 

Thailand),  japonica( planted in temperate areas such as Japan and China) and 

javanica (planted only in Indonesia)(30). 

 

        3.1.1  Rice grain structure 

                  A kernel of rice consists of several layers. In general, each rice kernel is 

composed of the following layers: 

                 (A)  Hull 

              The rice hull is the caryopsis (brown rice). It serves a protective 

function against insect infestation and against rapid change in moisture content of the 

grain due to large humidity fluctuation in the external environment 
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(B)  Rice Caryopsis (Brown rice) 

                        Removal of the hull from rough rice by dehulling exposes the rice 

caryopsis, which consists of the outer layers of pericarp; seed coat and nucellus; the 

germ or embryo; and the endosperm. The endosperm consists of the aluerone layer and 

the endosperm proper, consists of the subsaleurone layer and the starchy or inner 

endosperm 

                        Although the aleurone layer is botanically part of the endosperm, it is 

removed as part of the bran fraction during milling. Therefore, outer layers of pericarp, 

seed coat, necellus and aleurone layer comprise the bran portion of the rice grain. The 

bran is the most nutritious part of the rice residues.. It contains fiber, vitamin B, 

protein and fat. Embryo is the innermost part of rice consisting mainly of starch called 

amylose and amylopectin. The mixture of these two starches determines the cooking 

texture of rice. 

                       The mechanical processing of the rice grain usually comprises two 

steps: first, the hull is removed from the grain to obtain brown rice, which is the least 

processed edible form of rice. Nowadays, the rice grain is usually further processed by 

additionally removing the bran layer from the endosperm to obtain milled rice. This is 

done in commercial milling due to the consumers’ preferences and because the bran 

contains up to 20% lipids, making it susceptible to rancidity. The predominate form of 

rice found on today’s markets is therefore milled rice. The bran fraction of higher 

nutritionally value is for the most part used as an animal feed. This implied not only 

the loss of a nutritionally valuable rice component in human diets, but also a reduction 

of the quantity of rice available for human nutrition 10-15 %. In Asia, the large-scale 

adoption of the rice milling technology was accompanied by the spread of vitamin B 

deficiency (beriberi), due to a loss of vitamins though dispersal of the rice bran. 

                     Further milling of the rice caryopsis removes the subaleurone layer and a 

small part of the starchy endosperm. This milling referred to “Polish”. The end result 

of bran and polish removal is milled (white) rice, which is considered a good source of 

carbohydrate but not a significant source of mineral and vitamins. 
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Figure.1 Longitudinal section of a grain of rice. In a first processing 

step, only the hull is removed to obtain brown rice. Future, the bran 

(embryo,pericarp, seed coat, nucellus, and aleurone layer) can be 

removed in a second step to obtained milled rice 
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        3.1.2  Nutrition value of rice 

                  With high nutrients, rice is a good source of insoluble fiber, which is also 

found in whole wheat, bran, and nuts. Insoluble fiber reduces the risk of bowel 

disorders and fights constipation. Among other nutrients, rice is rich in carbohydrates, 

the main source of energy, low in fat, contains some protein and plenty of B vitamins. 

Table 1 Nutrition value of rice 

Nutrition Facts 

Serving Size : 

100g 

White Rice Jasmine Rice Brown Rice Glutinous Rice 

Amount per 

serving 

    

Calories (kcal) 361 355 362 355 

Moisture (g) 10.2 11.9 11.2 11.7 

Total Fat (g) 0.8 0.7 2.4 0.6 

Dietary Fiber (g) 0.6 0.8 2.8 0 

Calcium (mg) 8 5 12 7 

Phosphorus (mg) 87 65 255 63 

Potassium (mg) 111 113 326 0 

Sodium (mg) 31 34 12 0 

Vitamin B1 (mg) 0.07 0.12 0.26 0.08 

Vitamin B2 (mg) 0.02 0.02 0.04 0.03 

Niacin (g) 1.8 1.5 5.5 1.8 

Protein (g) 6 6.1 7.4 6.3 

Carbohydrates (g) 82.0 81.1 77.7 81.0 

Source: Thai Food Composition Tables (1999), Institute of Nutrition, Mahidol 

University (31) 
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3.2 Free radicals  

                3.2.1  Definition 

                          Free radicals are defined as an atom or molecules with one or more an 

unpaired electron(32, 33). This electron imbalance causes high reactivity, creating 

other free radicals by chain reactions. The majority of free radicals that damage 

biological systems are oxygen radicals and other reactive oxygen species (ROS), the 

main byproducts formed in the cells of aerobic organisms. Examples of oxygen free 

radicals are superoxide, hydroxyl, peroxyl (RO.
2), alkoxyl (RO.), and 

hydroperoxyl(HO.
2) radicals. Nitric oxide and nitrogen dioxide (.NO2) are two 

nitrogen free radicals. Oxygen and nitrogen free radicals can be converted to other 

non-radical reactive species, such as hydrogen peroxide.  

 

Table 2  The “Reactive Species”(34) 

Radicals                          Nonradicals 

Reactive oxygen species (ROS)   

     Superoxide, O2
-.   Hydroperoxide, H2O2 

     Hydroxyl, OH .     Hypobromous acid, HOBr 

     Hydroperoxyl, HO2 .   Ozone O3   

     Lipid peroxyl, LO2 .   Singlet oxygen , O2 1 

     Lipid alkoxyl, LO .    Lipid peroxide, LOOH 

Reactive nitrogen species (RNS) 

     Nitric oxide, NO .    Nitrosly anion, (NO-) 

 Nitrogen dioxide, NO2 .  Peroxylnitrite ,ONOO -      

                 From reference (34) 

 

          3.2.2  Source of free radicals (35) 

        Reactive oxygen species and their products (ROS) can be produced by 

both endogenous and exogenous sources. Potential endogenous source include 

oxidative phosphorylation (36), P450 metabolism, peroxisomes, and inflammation cell 

activation.( Table 2).Exogenous sources such as exposure to X-ray, ozone, cigarette 

smoking ,air pollutions and industrial chemicals.(35, 37)   
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During mitochondrial oxidative metabolism, the majority of the  oxygen consumed is 

reduced to water; however; an estimated 4% to 5% of molecule of oxygen is converted 

to reactive oxygen species (38), primarily superoxide anion, formed by an initial one-

electron reduction of molecular oxygen (Table 3).Superoxide can be dismutated by 

superoxide dismutate to yield hydrogen peroxide(39).In the presence of partially 

reduced metal ion, in particular iron, hydrogen peroxide is subsequently converted 

through Fenton and Haber-Weiss reactions to a hydroxyl radicals (40). The hydroxyl 

radicals is highly reaction and can interact with nucleic acid ,lipids, and protein(40).  

       Neutrophils, eosinophils, and macrophages are an additional endogenous source 

and are major contributors to the cellular reactive oxygen species. Activated 

macrophage, through “respiratory burst”, elicit a rapid but transient increase in oxygen 

uptake that give rise to a variety of reactive oxygen species, including superoxide 

anion, hydrogen peroxide, and nitric oxide (Table 3) 

       Reactive oxygen species can be produced by host of exogenous processes. 

Environmental source such as cigarette smoke, ultraviolet (UV) radiation and 

oxidizing agents including nongentoxic carcinogens can directly generate active or 

indirectly induce reactive oxygen species in cell. 

 

Table 3  Reactive oxygen and nitrogen species generation in the cell  

Cellular oxidants  Source            Oxidative species 

Endogenous  Mitochondria           O2
-., H2O2, .OH 

    Cytochrome P450          O2
-., H2O2 

    Macrophage/inflammatory cells     O2
-, H2O2,.NO,OCl- 

                                          Peroxisomes             H2O2 

Exogenous   Redox cycling compounds          O2
-. 

    Metals (Fenton reaction)                  .OH 

    Radiation                                          .OH            

    Ultraviolet light 

    Environmental pollutant 

Oxidants > Antioxidants = oxidative damage (DNA, RNA, lipid, Protein) 

            From reference (5) 
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Table 4  Pathways for intercellular oxidant generation 

1. Generation of reactive oxygen species via reduction of molecular oxygen 

 O2  +  e-    O2
-. ( superoxide anion) 

 O2
-. + H2O   HO2. (hydroperoxyl radicals) 

 HO2 + e- + H  H2O2 (hydrogen peroxide) 

 H2O2 + e-   OH- + .OH  ( hydroxyl radicals) 

2. Production of reactive nitrogen species 

 L-ARGININE + O2    .NO (nitric oxide) + L-CITRULLINE 

 O2
-. + .NO   ONOO-  (peroxynitrite) 

 ONOO-  + CO2    ONOOCO2- (nitrosoperoxy carbonate) 

  ONOOCO2-  NO2 . (nitrogen dioxide) + CO3-.  

3. Fenton reaction  

 H2O2 + Fe2+  OH- + .OH + Fe3 

 From reference (5) 

 

        3.3.3  Oxidative Stress and Disease 

            Oxidative stress has been defined as an imbalance between oxidants and 

antioxidant. In recent years, oxidative stress increase implicated in the pathogenesis of 

many degenerative diseases, including coronary heart disease, cancer, diabetes, 

cataracts and rheumatoid arthritis(4, 32, 35, 37, 39). 

 
Figure 2  Oxidative Stress and diseases 
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3.3 Antioxidant  

        3.3.1  Definition 

      A broader definition  of an antioxidant is any substance that when present 

at low concentrations compared with those of an oxidizable substrate, significantly 

delays or prevent oxidation of that substrate(3, 32, 41-44). 

        3.3.2  Antioxidant defense system 

      Antioxidant defense system against oxidative stress is composed of several 

lines, and the antioxidants are classified into four categories based on function (3, 38, 

45) 

i. First line of defense is the preventive antioxidants, which suppress 

formation of free radical (enzyme: glutathione peroxidase, catalase, 

selenoprotein, transferring, ferritin, lactoferrin, carotenoids etc. 

ii. Second line of defense is the radicals scavenging antioxidants suppressing 

chain initiation and /or breaking chain propagation reactions : radical 

scavenging antioxidants 

iii. Third category : repair and de novo antioxidant (some proteolytic enzymes, 

DNA repairing enzyme etc) 

iv. Fourth line is an adaptation where the signal for the production and 

reactions of free radicals induces formation and transport of the appropriate 

antioxidant to right sites. 

     Antioxidant act as : radical scavenger, hydrogen donors, electron donor, 

peroxide decomposer, singlet oxygen quencher, enzyme inhibitor, synergist, and 

metal-chelatating agents.(46, 47) 

     Both enzymatic and non enzymatic antioxidants exist in the intracellular 

and extracellular environmental to detoxify ROS. To provide maximum intracellular 

protection these scavenger are strategically compartmentalized thought the cell. 
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Table 5  Important enzymatic and non enzymatic physiological antioxidants  (45) 

Enzymatic antioxidant Location Properties 

Superoxide dismutase (SOD) Mitochondria, cytosol Dismutase superoxide radical 

Glutathione peroxidase (GSH) Mitochondria, cytosol
Remove hydrogen peroxide 

and organic hydro peroxide 

Catalase (CAT) Mitochondria, cytosol Remove hydrogen peroxide 

Nonenzymatic antioxidant Lacation Properties 

Vitamin C 
Aqueous phase of 

cell 

Acts as free radicals 

scavenger and recycles 

Vitamin E 

Vitamin E Cell membrane 
Major chain-breaking 

antioxidant in cell membrane 

Uric acid 
Product of purine 

metabolism 
Scavenger of OH radicals 

Glutathione 
Nonprotein thiol in 

cell 

Serves multiple roles in the 

cellular antioxidant defense 

α-lipoic acid Endogenous thiol 

Effective in recycling 

vitamin C, may also be an 

effective glutathiol substitute 

Carotenoids 

Lipid soluble 

antioxidants, located 

in membrane tissue 

Scavengers of reactive 

oxygen species, singlet 

oxygen quencher 

bilirubin 
Product of heme 

metabolism in blood 
Extracellular antioxidant 

ubiquinone mitochondria 
Reduce form are effective 

antioxidants 

Metals ions sequestration: 

Transferrin, ferritin, 

lactoferrin 

 

Chelating of metals ions, 

responsible for Fenton 

reactions 

Nitric oxide  
Free radical scavenger, 

inhibitor of LP 



Phenphan Chanphrom                                                                                  Literature Review / 14 

       3.3.3  Natural Defenses against Free Radicals 

      Although free radicals are produced in abundance in all cells, there are 

numerous natural defenses to either prevent their formation or to neutralize them after 

they are formed (Table 6) 

Table 6  Natural Defenses against Free Radicals  

A    Antioxidant Enzymes 

 Catalase 

 Glutathione peroxidase 

 Glutathione reductase 

 Superoxide dismutase 

B. Metal-Binding Protein 

 Ceruloplasmin 

 Ferritin 

 Lactoferrin 

 Metallotheinein 

 Tranferrin 

 Hemoglobin 

 Myogobin 

C. Free radical scavengers/chain-breaking antioxidants 

 Bilirubin 

 Carotenoids (beta-carotene,lycopene,etc) 

 Flavonoid (quercetin, rutin, catechin, etc) 

 Uric acid 

 Thiols (R-SH) 

 Vitamin A,C,E 

D. Other antioxidants 

 Copper 

 Glutathione (GSH) 

 Manganese 

 Selenium 

 Zinc 

                  From reference (32) 
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       3.3.4  Dietary antioxidants and health 

           There is now increasing interest in antioxidant activity of phytochemicals 

present in the diet. Antioxidants are believed play a vary important role in the body 

defense system against reactive oxygen species (ROS), which is the harmful byproduct 

generated during normal cell aerobic respiration (35, 43, 48). Increasing intake of 

dietary antioxidants may help to maintain an adequate antioxidant status and, 

therefore, the normal physiological function of a living system(10). Some functional 

foods and vegetables are the important sources of exogenous antioxidants. The most 

common antioxidants present in foods are vitamin C and E, carotenoids, flavonoids 

etc.  

Clinical trial and epidemiological studies have established an inverse 

correlation between the intake of fruits and vegetables and the occurrence of disease 

such as inflammation, cardiovascular disease, cancer, and aging-related disorders (35, 

49). Dietary antioxidants, including polyphenolic compounds, vitamin E and C, and 

carotenoids, are believed to be the effective nutrients in the prevention of these 

oxidative stress related disease. Antioxidants have thus become a topic of increasing 

interest recently. 

 

        3.3.5  Some antioxidants in rice  

                  Vitamin E (34, 41) 

      Vitamin E refers to a group of eight naturally occurring compounds- α-, β-, 

γ-, δ- tocopherols and tocotrienols. α-tocopherol, especially the naturally occurring d-

α tocopherol, is considered the most important of the eight because it comprises about 

90% of the tocopherols in animal tissues and displays the highest biological activities 

in most bioassay system(50).  Vitamin E is nature’s most effective lipid-soluble 

antioxidant protecting unsaturated fatty acids in cell membranes that are important for 

membrane function and structure.It is  the major chain-breaking antioxidant in body 

tissues, and it is considered the first line of defense against lipid peroxide, protect cell 

membranes at an early stage of free radical attack that are important for membrane 

function and structure(51, 52).  

                 Tocopherols (TocOH) suppress lipid peroxidation  either by trapping 

peroxyl radicals involved in the peroxidation chain or by reacting with lipid peroxyl 
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radicals. In these reactions, a hydrogen atom is abstracted from OH group in 

tocopherol by a lipid peroxyl radical (LOO.). The hydrogen abstraction produces a 

relatively inert tocopheroxyl radical (TocO .). The latter may then react with a second 

radical (LOO.) to yield a non-radical product, LOO-Toc, thereby destroying two 

radicals and terminating two potential radical chain reactions: 

LOO. +  TocOH      LOOH + TocO . 

LOO. + TocO .   LOO-Toc 

                  Thus each tocopherol molecule can donate two electrons as a chain-

breaking antioxidant. To be an effective antioxidant, each oxidized tocopherol 

molecule must be recycled (reduced back to TocOH). The current thinking is that 

ascobate recycles tocopherol. 

       α-tocophrol is a powerful free radical chain-breaking antioxidant and a 

most potent essential fat-soluble vitamin E isomer (53). α-tocophrol inhibits biological 

oxidation such as LDL-C oxidation and protein glycooxidation as well as oxidation in 

foods. It enhances immune responses and offers a high level of protection against 

cadiotoxicity(54). Tocotrienol also reportedly inhibit cholesterol synthesis, lower 

serum-cholesterol levels in various animal models, and suppress tumor cell 

proliferation, with γ- and δ-homolog demonstrating greater potency than the α-

homolog (55).  

       Rice bran is a rich natural of vitamin E, containing up to 300 mg/kg (56). 

The major components of vitamin E in rice bran are α-tocopherol, α-tocotrienol, γ-

tocopherol and γ-tocotrienol. Current study showed that rice bran in Pakistan had 392-

512 mg/kg of tocopherol content and 343-478 mg/kg of tocotrienols content (28). 

Moreover, Aguilar-Garcia et.al (2006) reported that total tocopherols of three varieties 

of rice ranged 41.0-61.3 μg/g dry weigh in bran and 6.7-13.3 μg/g dry weigh in brown 

rice whereas total tocotrienol ranged 155-163 μg/g dry weigh in rice bran and 37.5-

52.5 μg/g dry weigh in brown rice(57). 

 

          γ-oryzanol 

       γ-oryzanol is large group of plant sterol esters of ferulic acid that have 
positive metabolic effects in human system. Nearly ten components of γ-oryzanol were 
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identified as a mixture of ferulic acid esters of plant sterols and triterpene alcohols 

(58), having powerful antioxidant activity and occurring naturally only in rice bran. 

Ferulic acid is a derivative of 3,4,-dihydroxy cinnamic acid, which is abundantly 

found in rice bran. γ-oryzanol, which is present at 13 to 20 times (w/w) greater content 

in rice bran than total tocopherols and tocotrienols (59), reportedly decreases animal 

serum-cholesterol levels, has anti-inflammatory activity, and can inhibit cholesterol 

oxidation in vitro (21, 60, 61).  

        

                  β-Carotene 

                  β-Carotene is a type of carotenoid, which is one of the most important 

classes of plant pigments(52). In the plant tissue, carotenoids function primarily as 

auxiliary pigments in photosynthetic processes and as antioxidants against oxidative 

damage. In human diet some of the carotenoids act as vitamin A precursors as they can 

be converted in the intestinal tract. β-Carotene is effective as an antioxidant by 

quenching singlet oxygen species and can directly scavenge free radicals(34, 62, 63). 

In addition, β-carotene is efficient in a chain termination at low partial oxygen 

pressures. In the presence of peroxyl radicals, β-carotene produces a carbon centered 

carotenyl radical (β-car). , which in the absence of oxygen, is an efficient chain 

terminator. 

β-Carotene + ROO.    ROO-(β-car).  

ROO-(β-car). + ROO.   Inactive products 

                  A study on Philippines upland rice varieties found distinguished 

differences in β-carotene content depending on the grain color. The highest average 

content was found in black variety, with values reaching up to 0.13 mg/kg (brown 

rice). Conversely, much lower concentrations were found in red varieties, while β-

carotene was hardly detectable at all in varieties. Similar results were obtained in 

another survey including varieties from Malaysia, Vietnam and Thailand. The highest 

concentration was detected in a black variety from Malaysia with 0.22 mg/kg. Further 

analyses of β-carotene concentrations revealed values of up to 0.38 mg/kg in 

black/purple landrace rice from Philippines(64). Moreover, the current amount of β-

carotene in Golden rice is 1.6 μg/g (65). 
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                  Polyphenols (34, 41, 66, 67) 

      Polyphenols constitute one of the largest categories of phytochemicals, 

most widely distributed in the plant kingdom as secondary metabolic products and 

integral part of the human diet. Dietary phenolics include phenolic acid, phenolic 

polymers (commonly known as tannin), and flavonoids. Evidence indicates that 

polyphenols and flavonoids have potent antioxidant properties and free radical 

scavenging capabilities. Polyphenols are known to exert various physiological effects 

in humans, such as preventing oxidative damage of lipid and low-density lipoproteins, 

inhibiting platelet aggregation, and reducing the risk of coronary heart disease and 

cancer(66). 

                  Polyphenols and flavonoids are powerful antioxidants, and their activity is 

related to their chemical structure. Plant polyphenols are multifunction and can act as 

reducing agents as hydrogen atom-donating antioxidants, and as singlet oxygen 

quencher. Phenolic antioxidants (PPH) inhibit lipid peroxidation by a rapid donation 

of hydrogen atom to the peroxyl radicals (ROO.) resulting in formation of alkyl (aryl) 

hydroperoxide (ROOH), as illustrated in the following reaction: 

 

 ROO.  +  PPH                   ROOH  +  PP. 

 

                  The polyphenol phenoxyl radicals (PP.) produced can be stabilized by 

further donation of a hydrogen atom and formation of quinines, or by reacting with 

another radical, including another phenoxyl radical, therby interrupting the initiation 

of new chain reaction. In rice, furulic acid, p-coumarin acid and caffeic acid are the 

major phenolic compounds and exist in the free form, the soluble conjugate form, or 

the insoluble bound form, which is found in dietary fiber(22, 68). The study of Iqbal 

et. al. (2005) found that total phenolic content ranged from 2.51 to 3.59 mg GAE/g in 

five rice bran (28). Furthermore, Aguilar-Garcia et.al (2006) reported that total 

polyphenol ranged 6.04-6.38 μmole GAE/g dry weight in rice bran and 1.01-1.16 

μmole GAE/g dry weight in brown rice (57). 
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                     Anthocyanins 

        Anthocyanins (in Greek anthos mean flower, and kyanos means blue)  are 

more important plants pigments visible to the human eye (19, 69, 70). They belong to 

the widespread class of phenolic compounds collectively named flavonoid. The 

differences between individual anthocyanins relate to the number of hydroxyl groups, 

the natural and number of sugar attached to the molecule. According to the literature, 

21 anthocyanidins (anthocyanin agycone) have been fully described, of which only 6 

are widespread and usually found in fruits and vegetable. They are: pelargonidin, 

cyanidin, peodinin, malvidin, petunidin and delphinidin (71). They are of great 

nutrional interest because of the marked daily intake (180 to 215 mg/day in the United 

States, which is much higher than the intake (23mg/day) estimated for other 

flavonoids, including quercetin, kaempferol, myricetin, apigenin, and luteolin(72). 

They have been reported to have positive effects in the treatment of various 

diseases(73) and are prescribed as medicines in many countries  

                  Anthocyanins are soluble in polar solvents and they are normally extracted 

from plant material by using methanol that contains small amounts of hydrochloric 

acid or formic acid (72). The acid lowers the solution’s pH value and prevents the 

degradation of the non-acylated anthocyanins pigments. In relation to the stability, 

anthocyanins are compound that may suffer reactions that alter their structures through 

the action of different agents due to the electronic deficiency of their flavilium nuclei. 

Anthocyanin stability increases with the number of methoxyls in the B ring and 

decreases as hydroxyl increase. Thus, amoung the most common anthocyanidins, the 

most stable is malvidin, followed by peodinin, petunidin, cyanidin and delphinidin. In 

general, anthocyanins are more stable at an acid pH. Glycosylation and acylation of 

the sugars also increases stability and, therefore, the diglycoside are more stable than 

their corresponding monoglycosides(71). 

                  Anthocyanin pigments function as pollinator attractants, and in fruits, the 

colorful skin help to attract animals (which will eat the fruits and disperse the seeds). 

In photosynthetic tissues, anthocyanins have been shown act as a “sunscreen”, 

protecting cells from photo-damage by absorbing UV and blue-green light, protecting 

the tissue from photo inhibition, or high light stress. 
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Anthocyanins have been recognized as health-enhanceing substances due to their 

antioxidant activity (27, 74), anti-inflammatory(75-77), anticancer (78-80), and 

hypoglycemic effect (81). 

                  Anthocyanins are found in red rice and black rice grain in husk. Colored 

rice has been consumed traditionally in Asia country where, what is more, the 

anthocyanin pigments it contains are used as food colorants in the elaboration of 

alcoholic beverages (71, 82). The principal anthocyanin in rice is cyanidin-3-glucoside 

(0-493 mg/100g), followed, in minor proportion by peodinin-3-glucoside (0-40 

mg/100g) (20). Recently, Hu et al. isolated the pigmented fraction of an extract of 

black rice by Bio-Gel P-2 column chromatography and determined the content of 

anthocyanins (19). They found that the content of total anthocyanins in the whole 

grain was 0.16% and of the aleurone layer 1.36 %. This latter presents 85 % of the 

total anyhocyanin contained in the whole rice. 

                  Recent and renewed interest in anthocyanins is due not only their bright 

colors as natural colorants but also their potential health benefits as antioxidants and 

anti-inflammatory agents. Recent study shows that supplementation of atherogenic 

diets with black rice reduces the oxidative stress, thus the anthocyanins present could 

provide cardiovascular protection (26). Hu et al. investigated the capacity of 

anthocynin extract black rice to neutralize reactive oxygen and nitrogen species (free 

radicals) in model cell culture (19). These authors reported that, as consequence of a 

marked antioxidant activity and capacity to capture free radicals in vitro, the 

pigmented fraction of black rice prevents DNA scission and the deterioration of 

human LDL induced by reactive oxygen species. The extract of black rice suppresses 

the formation of nitric oxide in activated macrophage without producing cell toxicity. 

                  Morimitsu et al. showed the anthocyanins of pigmented rice has potential 

inhibitors of the formation of cataracts in diabetic (13). They used rat lens organ 

culture and observed inhibitory activity of lens opacity of extract from different 

varieties of red rice and black rice. Of them, two varieties, asamurasaki-2 (AS2; 

Japanese black rice) and chikushi-alkamochi-2 (CH2); Japanese red rice) were 

selected as potential inhibitory varieties for rat lens opacity. 

 
 



Fac. of Grad. Studies, Mahidol Univ.                                                               M.Sc. (Nutrition) / 21  

 
 

Figure 3 Structures of Anthocyanidins 

 

       3.3.6  Measurement of total antioxidant activity 

                 On the basis of the chemical reactions involved, major antioxidant activity 

assays can be roughly divided into two categories (83, 84): 

(a)  Hydrogen atom transfer (HAT) reaction based assay 

                        HAT assay measure the classical ability of antioxidant to quench free 

radicals by hydrogen donation (AH = any H donor). The assays quantify hydrogen 

atom donating activity and relevant to the radical chain-breaking antioxidant activity. 

Most HAT-based assays monitor competitive reaction kinetics, and the quantitation is 

derived from the kinetic curves. HAT-based methods generally are composed of 

synthetic free radical generator, an oxidizable molecules probe, and an antioxidant.  

HAT reactions are solvent and pH independent and are usually quite rapid, typaically 

completed in second to minutes. The presence of reducing agents, including metals, is 

a complication in HAT assays and can lead to erroneously high apparent reactivity. 

X .   +   AH                      XH   +    A .   
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                (b)  Single electron transfer (SET) reaction base assay 

                       SET assay detect the ability of potential antioxidant to transfer one 

electron to reduce any compound, including metals, carbonyls, and radicals(85).The 

assays measure an antioxidant’s reducing activity. The SET-based assays involved one 

redox reaction with the oxidant (also as the probe for monitoring the reaction) as an 

indicator of the reaction endpoint. SET reaction is pH dependent. SET usually slow 

and can require long time to reach completion, so antioxidant capacity calculations are 

based on percent decrease in product rather than kinetics. SET methods are very 

sensitive to ascorbic acid and uric acid, which are important in maintaining plasma 

redox tone, and reducing polyphenols are also detected. Importantly, trace components 

and contaminates (particularly metals) interfere with SET methods and can account for 

high variability and poor reproducibility and consistency of results. 

 

X .   +   AH                      X -  +    AH .+                (1) 

AH .+                H2O          A . + H3O+                     (2) 

X -  + H3O+                     XH + H2O                      (3) 

M(III) + AH                   AH+  +   M (II)               (4) 

 

From hydrogen atom transfer (HAT) reaction based assay and Single 

electron transfer (SET) reaction base assay, it is clear that no one antioxidant activity 

assay will truly reflect the “total antioxidant activity” of a particular sample. The total 

antioxidant activity needs to reflect both lipophilic and hydrophilic capacity, and at 

least for physiological activity it needs to reflect and differentiate both hydrogen atom 

transfer (radical quenching) and electron transport (radical reduction)(84). 
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Table 7   In Vitro Antioxidant activity Assays  

Assays involving hydrogen    ORAC (oxygen radical absorbance capacity) 

 Atom transfer reactions (HAT)    TRAP (total radical trapping antioxidant parameter 

ROO. + AH            ROOH + A. Crocin blenching assay 

ROO. + LH             ROOH + L. IOU (inhibited oxygen uptake) 

    Inhibition of linoleic acid oxidation  

    Inhibition of LDL oxidation 

 

Assays by electron transfer  TEAC (Trolox equivalent antioxidant capacity) 

Reaction (SET)    FRAP (ferric ion reducing antioxidant parameter) 

 M(n) + e (from AH)   DPPH (diphenly-1-picrylhydrazly) copper(II)  

 AH .+  + M(n-1)                                     reduction capacity 
     Total phenols assay by Folin-Ciocalteu reagent 

 

Other assays    TOSC (total oxidant scavenging capacity) 

     Inhibition og Brggs-Rauscher oscillation reaction 

     Chemiluminescence 

     electrochemiluminescence 

 

From reference (83) 

 

Ferric Reducing Antioxidant Power Assay (FRAP) 

 The FRAP assay was originally developed by Benzie and Strain(86, 87). to 

measure reducing power in plasma, but the assay subsequently has also been adapted 

and used for the assay of antioxidants in botanical(88, 89). The reaction measures 

reduction of ferric 2,4,6-tripyridyl-s-triazine (TPTZ) to a colored product.  

 To accurately measure the total reducing power, the following conditions must 

be met. (1) All, and only, antioxidants can reduce Fe (TPTZ)2
3+ under the reaction 

conditions (thermodynamics). (2) The reaction rate must be sufficiently fast enough 

that the reaction can be completed in short assay time (e.g., 4 min in the actual FRAP 

assay) (kinetics).(3) The oxidized antioxidant and its secondary reaction products 

should have no absorption at 593 nm, the maximum absorption of  Fe (TPTZ)2
2+ (90) 
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Figure 4   FRAP principle 

 

           Oxygen radical absorbance capacity Assay (ORAC) 

 The ORAC assay is based upon the early work of Ghiselli et al (91) and 

Glazer(92), as developed further by Coa et al.(93). ORAC measures antioxidant 

inhibition of peroxyl radical induced oxidation and thus reflects classical radical chain 

breaking antioxidant activity by H atom transfer (94). In the basis assay, the peroxyl 

radical reacts with a fluorescent probe to form a non fluorescent product, which can be 

quantitated easily by fluorescence.  

 The ORAC assay measures the capacity of antioxidants to protect the 

fluorescent protein from damage by free radicals. In this assay, 2.2’-Azobis (2 

amidino-propane) dihydrochloride (AAPH) is used as the source for peroxyl radical, 

which is generated as a result of the spontaneous decomposition of AAPH at 37 oC. 

Fluorescein (FL) is the chosen target protein, whose loss of fluorescene is an 

indication of extent of damage from its reaction with the peroxyl radicals. The 

protective effect of antioxidants is measured by assessing the longer fluorescence 

time/intensity area under the curve (AUC) of the sample compared to the blank (AUC) 

in which no antioxidant compounds are present. Trolox is used as the calibration 

standard. The ORAC assay provides a unique assessment, as the reaction goes to 

completion both the inhibition time and inhibition are measure (95). 

 ORAC values are usually reported as Trolox equivalents. A standard curve is 

generated using the AUC for five standard concentration of Trolox, and the Trolox 

equivalence of the sample are calculated using the following linear or quadratic 
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relationships (Y = a + bX, linear; or Y = a + bX 2, quadratic) between Trolox 

concentration (Y) (μM) and the net area under the FL decay curve (X) (AUC sample – 

AUC blank). A linear regression was used in the range 6.25-50 μM Trolox, Data are 

expressed as micromoles of trolox equivalents (TE) per liter or per gram of sample 

(μmol of TE/g or μmol of TE/L) (90, 94, 96)  

 
Figure 5 ORAC Principle 

 

           The total phenolic content assay by Folin-Ciocalteu reagent (FCR) 

There is always the converse over what is being detected in total antioxidant 

capacity assays-only phenols, or phenol plus reducing agents plus possible metal 

chelators. The assays have for many years been used as measure of total phenolic in 

natural products, but the basic mechanism is an oxidation/reduction reaction (SET-

bases antioxidant capacity assays). The originals total phenols assay developed in 

1927 originated from chemicals reagent used for tyrosine (containing a phenol group) 
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analysis(84) in which oxidation of phenols by a molybdotungstate reagent yield a 

colored product with λmax at 745-750 nm: 
 

  Mo (VI) yellow +  e-    Mo(V)  (blue) 
 

           The method is simple, sensitive, and precise. However, the reaction is slow at 

acid pH, and it lacks specificity. Singleton and Rossi(97, 98) improve the method with 

a molybdotungstophosphoric heteropoanion that reduced phenol more specifically; the 

λmax for the product is 765. They also imposed mandatory steps and condition to 

obtain reliable and predictable data :(1) proper volume ratio of alkali and FCR 

reagent;(2) optimal reaction time and temperature for color development;(3) 

monitoring of optical density  at 765 nm; and (4) use of gallic acid as the reference 

standard phenol. The improved method outlined by Singleton and Rossi specified the 

condition to minimize variability and eliminate erratic result. This assay is convenient, 

simple, and reproducible, there it has become a routine assay in studying phenolic 

antioxidants. 

 

       2,2-Diphenyl-1-picrylhydrozly (DPPH) assay 

       The DPPH radical is one of the few stable organic nitrogen radicals, which bears a 

deep purple color. This assay is based on the measurement of the reducing ability of 

antioxidant toward DPPH. . The ability can be evaluated by electron spin resonance 

(ERP) or by measuring the decrease of its absorbance. Antioxidant assays are based on 

measurement of the loss of DPPH color at 515 nm after reaction with test compound 

and the reaction is monitored by a spectrophotometer.  
 

                    DPPH.  +   AH                               DPPH-H + A 

                (Purple)                                            (Yellow) 
 

       The antioxidant capacity is defined as IC50 or EC50 value, the concentration of the 

tested antioxidant that causes a decrease in the initial DPPH. concentration (loss in 

absorbance) by 50% or expressed as values which DPPH is directly determined from 

the calibration curve with suitable standard antioxidant (83,84,90). 
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CHAPTER 4 

MATERIALS AND METHODS 
 

 

4.1  Experimental design 

      Forty five varieties of non-glutinous and 7 bran of pigmented rice samples in 

present study were obtained from the Center of Excellence for Rice Molecular 

Breeding and Product Development, Kasetsart University, Kamphangsaen, Thailand.      

These samples were crossed breeding from Khaw Homsuphan x  Khaw Jao Hom Nil, 

(JHN), Kumdoicharng x Hom Pama, and  Khao Dawk Mali 105 (KDML 105) x  Jao 

Hom Nil (JHN) which grown in Kamphangsaen district, Nakhon-Pathom province of 

Thailand.  For glutinous rice was purchased from six representative outlets in 

Thailand. 

 

       The study design was divided into three parts as a following the objectives 

1. The first purpose was to screen the antioxidant activities, vitamin E, β-

carotene, total polyphenol, and anthocyanidins content of various varieties of 

non glutinous and bran of pigmented rice. 

2. The second objective was to evaluate the effect of cooking on the changes of 

antioxidant activities, vitamin E, β-carotene, total polyphenol and 

anthocyanidins content of the selected non glutinous pigmented rice model. 

3. The lastly purpose was to evaluate the effect of storage on the different of 

temperature during 3 months of antioxidant activities, vitamin E, β-carotene, 

total polyphenol and anthocyanidins content of selected non glutinous 

pigmented rice model when their keep in  room temperature and refrigerator. 
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Summary experimental design for three purposes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     

Figure 6   Showed the summary of the study design 

45 Non glutinous pigmented rice Glutinous pigmented rice 

Screening antioxidant activity, vitamin E, β-

carotene, total polyphenol, anthocyanidins 

Selected 1 Non glutinous pigmented rice  

Storage model        
(0, 1, 2, 3 months) 

Cooking model 

Room temperature 
(30 ± 2 ºC) 

Refrigerator 
(4.66 ± 0.89 ºC) 

Moisture content, antioxidant activities, vitamin E,  

β-carotene, total polyphenol and anthocyanidin 

Storage model 
(0, 3 months) 

Determine moisture content 

antioxidant activity, vitamin E, β-

carotene, total polyphenol, 

anthocyanidins 

The Center of Excellence for Rice 
Molecular Breeding and Product 
Development, Kasetsart University 

Six representative outlets in Thailand 
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4.2  Sample preparation 

       4.2.1  Samples for screening antioxidants 

                 Each variety of pigmented rice was ground to fine particle in an electric 

grinder (Princess model 2199) and analyzed moisture content on the same day of 

sample preparation. The remainder of each sample was kept in plastic bag and stored 

in refrigerator until analysis.  The homogenized rice sample was individually analyzed 

in duplicate for their chemical properties. 

 

       4.2.2  Cooking model 

     Rice sample that contains high amount of antioxidant activity was selected 

to evaluate the effect of cooking on antioxidant activities, vitamin E, β-carotene, total 

polyphenol, and anthocyanidins content. The selected of non glutinous pigmented rice 

# 1000-11-2-26  about 50 and 150 gram was washed with 500 ml deionized water with 

in 10 second for one time or two time and cooked in a rice cooker (SHARP model KS-

ZT10). Cooked rice was then homogenized and frozen before lyophilized to dryness. 

After drying cooked rice samples were ground to fine particle in electric coffee grinder 

and immediately analyzed for moisture content and the remainder kept in plastic bag 

and stored in refrigerator before analysis. The lyophilized sample was individually 

analyzed in duplicate for antioxidant activity, vitamin E, β-carotene, total polyphenol, 

and anthocyanidins content. 

 

       4.2.3  Storage model 

     One sample of various pigmented rice varieties which showed the high 

amount of antioxidant activity was selected as a model to evaluate the effect of storage 

on the change of antioxidant activity, vitamin E, β-carotene, total polyphenol and 

anthocyanidins content in room temperature and in refrigerator for 3 month.  Rice 

sample was sealed in 15 plastic bags and each bag contains about 100 g sample. Nine 

samples were kept at room temperature and another 3 samples were kept in 

refrigerator.  Three samples of each month were randomly selected to determine the 

antioxidant activity, vitamin E, β-carotene, total polyphenol and anthocyanidin 

content. 
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4.3  Chemical analysis 

        Rice samples were determined for moisture, antioxidant activity by FRAP assay 

and ORAC assay, total polyphenolic Folin-Ciocalteu method, vitamin E content, β-

carotene and anthocyanidins content.    All chemical analysis was done in duplicates. 

 

       4.3.1  Determination of moisture contents  

      Moisture content was determined by drying the sample in hot air oven at      

100 + 5 oC  until constant weight was obtained (AOAC;927.05). Moisture in the 

sample was estimated from the weight loss from drying under controlled temperature 

in an air oven. It is expressed in g per 100 g sample (Appendix A)(99). 

 

       4.3.2  Determination of  antioxidant activity 

         The determination of antioxidant activity in the samples (hydrophilic; ORAC 

and FRAP) are based on the method of Huang, et al., 2002 (95) 

   a)  Sample extraction 

           In briefly; samples were accurately weighted 0.1-5.0 grams and 20 mL 

extraction solvent (acetone/water; 50/50, v/v) was added. The mixture was shaken at 

400 rpm at room temperature with an orbital shaker for one hour (INNOVA 4000 

incubator shaker, USA). The extract solutions were centrifuged at 3000 rpm for 30 

min (KOKUSA H103N  series centrifuge, USA) and the supernatant was used to 

determine antioxidant activity (hydrophilic;ORAC and FRAP)  

 

                 b)  The ferric-reducing ability of plasma assay (FRAP)  

           FRAP was performed as following the method of  Benzie and Strain in 

1996 (87).  The FRAP reagent was prepared fresh daily by mixing 300 mM sodium 

acetate buffer (pH 3.6), 10 mM 2,4,6-tri(2-pyridyl)-S-triazine (Fluka # 93285) and 20 

mM ferric chloride (Riedal-deHaen # 31232) in volume ratios of 10:1:1. After that 1.5 

mL of FRAP reagent was warmed to 37 oC (Precision water bath 184) and then 500 

μL diluted (with deionized water) sample or standard Trolox (Aldrich #238813) at 

concentration 6.25 – 50 μM Trolox was added. The reaction was monitor for 4 min at 

37 oC and recorded using a spectrophotometer (UV-1601 SHIMAZU,Japan) at 593 

nm. Trolox was used as standard and deionized water was used as blank. The results 
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were expressed as micromole Trolox equivalents (µmoleTE/g) per gram (Appendix 

B) 

 

                 c)  Oxygen radical absorbance capacity (hydrophilic; ORAC) assay 

            Hydrophilic oxygen radical absorbance capacity (H-ORAC) assay was 

based on a report of Huang, et al., 2002 (95) . The supernatant was diluted with 75mM 

potassium phosphate buffer (pH 7.2).  Five hundred microlitres of the diluted sample 

or trolox standard were mixed with 3,000 μL of the 8.16 x 10-2 μM fresh fluorescein 

(Aldrich # 166308) working solution and warm at 37 oC (Precision water bath 184) for 

exactly 10 minutes. Then 500 μL of 153 mM AAPH (2’-Azobis (2 amidinopropane) 

dihydrochloride) (Wako # 017-11062) solution was added. The intensity of the 

fluorescence was measures at 1 min interval for 35 min or until 5% intensity, using 

spectrofluorometer (Perkin Elmer precisely LS 55 luminescence Spectrometer) with 

an excitation wavelength of 493 nm and an emission wavelength of 515 nm. The final 

ORAC antioxidant capacity was calculated using a linear regression equation (y = a + 

bx) between trolox concentration and the net area under the FL decay curve (AUC). 

Linear regression was used in the range 6.25-50 μM Trolox (Appendix C). 

 

       4.3.3  Determination of total polyphenol content  

                 Total polyphenol content was determined by the Folin-Ciocalteu method 

(100). In briefly; weigh about two grams of sample into a 125-mL volumetric flask 

and 25 mL of 50% dimethyformamide (DMF) (Carloerba reagent # 444923) in 0.1 M 

acetate buffer (pH 4.4) was added, then mixing and shaking for 16 hrs (Gyrotary water 

bath shaker model G76, USA). Afterwards, the mixtures were filter with No. 42 filter 

paper (Whatman) and diluted the clear extract solutions with water. Then pipette 25 

μL of diluted extract solution or standard in 96 well microplate well and immediately 

add 125 μL of 10% FCR (Folin-Ciocalteu’s reagent) (Merck # 109001) in each well.   

One minute after addition of 10% FCR, add 100 μL of 0.5 M sodium hydroxide 

(NaOH) (Merck # 106498)  and read the FCR plate at 750 nm about 15 minute after 

the addition of 0.5 M NaOH by using micoplate reader (TECAN sunrise remote 

control microplate reader,Austria/Europe). Data output was using a Magellan 

software. 
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                 Gallic acid monohydrate (Riedel-deHaen # 27645) was used as the standard 

calibration curve and total phenolic content of the sample was expressed as gallic acid 

equivalents (GAE) in 100 g sample (Appendix D) 

 

       4.3.4  Determination of anthocyanidin by HPLC method.  

          Anthocyanidin were analyzed by an acid hydrolysis and HPLC method with 

some modification (101). Samples were weight about 0.1-2 grams in conical tube, then 

added 10 ml of a mixture reagent which containing with 1:1 water/methanol/2N HCl 

( 50 mL of methanol + 33 mL of water + 17 mL of concentrated HCl). The sample 

were sonicated ( BRANSO 2510) for 20 minute afterward the extract were placed in 

water bath (Memmert) and hydrolyzed at 100 + 2 oC for 60 minute. The hydrolyzed 

samples were centrifuged at 2,000 rpm (International equipment company model size-

2K centrifuge) for 30 minute and filtered through a 0.45-μm PTFE filter (Chrom Tech 

# F13-2045) before analyzed by HPLC.  Analysis of the Cyanidin chloride (Indofine # 

020909S) and Peodinin chloride (Indofine # 020906S) was performed by HPLC 

(Water 515 HPLC Pump) using a C18 column (Water NovaPac C18 100 x 4.6 mm).  

The mixture of mobile phase consisted of 18% of 0.4% Trifluoroacetic acid (TFA) in 

acetonitrile) and 82% of 0.4% TFA in water at flow rate of 1.0 ml/min. The visible 

detector (Jasco UV-VIS 975) was set at 530 nm.  Data output was using a Clarity 

software. (Appendix E) 

 

       4.3.5  Determination of Vitamin E and β-carotene by HPLC method   

       The vitamin E and β-carotene contents were saponificated, extracted and analyzed   

according to the method of Speek, A.J., et al., 1985 (102) 

       In briefly, the saponification of the vitamin E and β-carotene was done by          

weight approximately about 1.0 to 5.0 g, of homogenous sample into brown round 

bottom flask and then 10 mL of 10% ascorbic acid solution (UNILAB # A79) and 50 

ml of 2 N ethanolic  potassium hydroxide solution (Merck # 105033) was added. The 

samples were then saponified on a boiling water bath for 30 min.   Saponification was 

done to remove lipids.     The samples were cool in room temperature. Then 70 ml of 

hexane (J.T. Baker # 9309-03) was added to each sample flask and continuously 

shaken by hand for 2 min.  The upper layer fractions were transferred to each brown 
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separating funnel with stop-cock that contained 50 ml of 5% KOH solution. The 

sample extraction was repeated twice times with 35 ml of hexane.  The upper layer 

hexane fraction was transferred to brown separatory funnel and shaken for awhile.  

The saponified extract was allowed to separate and the lower aqueous phase was 

discarded.  The upper aqueous phase washed with 100 mL of 10% NaCl (UNIVAR # 

A465) and washed with water (about 100 ml each time) until free alkaline of the 

discarded solution was obtained (about 3 times).  The remainder water from the 

washed saponified extract was removed by adding a few pieces of filter paper and, 

then collected saponified extracts sample to 250 ml brown round bottom flask.  The 

saponified extract was then dried with rotary evaporator (Buchi) under vacuum in 37 
oC water bath (Pleuger).  The residues were dissolved in 1 ml Chloroform and 1 ml 

methanol (J.T. Baker # 9093-68) Analysis of vitamin E was performed by HPLC 

(Water 515 HPLC Pump) using a C18 column (Water resolve C18 3.9 x 150 mm) and 

mobile phase of methanol at a flow rate of 0.6 ml/min. The UV-visible detector (Jusco 

UV-VIS 975) was set at 294 nm. The extraction method used for β-carotent was 

similar to the method described for vitamin E; however, Analysis of β-carotents was 

performed by HPLC (Water 515 HPLC Pump) using a C18 column (Vydac 20i TP 54, 

25 x 0.46 cm).  The mixture of mobile phase consisted of acetonitrile (CH3CH): 

Tetrahydrofuran (THF): methanol (CH3OH): Triethylamine(TEA); (80:14: 6: 

0.1:v/v/v/v) contains 0.2 % ammonium acetate at a flow rate of 1.0 ml/min. The 

absorbance was measured at UV-VIS 450 nm (Hewlett-Packard series 1050). Data 

output was using a Clarity software. (Appendix H).    

 

4.4  Quality Control System 

       In-house control materials (black rice flour) were used for the quality 

control of analysis data. Homogenized sample of pigmented rice was prepared as an 

in-house control sample for antioxidant activities and antioxidant contents. It were 

kept in refrigerator and used as a quality control sample for determination in this 

study. The assigned value was developed from 4 values of each antioxidant activities 

and antioxidant contents obtain from single sample analysis on five different days. A 

quality control chart maintained the quality of analysis. The accepted value was within 

mean ± SD.   
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4.5  Statistical analysis  

       The screening antioxidants and antioxidant activities were carried out in duplicate 

and all the results in present study were reported as average of duplicate analysis.  

Data of storage and cooking model are presented as mean + standard deviation. 

Statistical analysis was performed with the used of statistical Package for the Social 

Sciences (SPSS) for windows software, version 13 (SPSS Inc., Chicago, Illinois, 

USA). The significant difference among antioxidant activities and antioxidant contents 

in each type of pigmented rice, rice bran and groups of breeding were performed by 

non-parametric test and using Mann-Whitney U test for post-hoc comparison. The 

mean and standard deviation were analyzed with one way analysis of variance (one-

way ANOVA). The Tukey multiple comparisons were used for significant between the 

means at each month of storage in room temperature. Independent paired t-test was 

tested for significant difference of storage in refrigerator. The significant difference 

among vitamin E at start and three month of storage were tested by non-parametric test 

and Wilcoxon Signed Ranks Test. Correlation of antioxidant activities and antioxidant 

contents parameters were analyzed by Spearman’s correlation coefficient in bivariate 

correlation. Differences were considered in significant if p-value ≤ 0.05. 
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CHAPTER 5 

RESULTS 
 

 

5.1  Antioxidants and antioxidant activity of pigmented rice and rice bran. 

       The results of antioxidants content and antioxidant activity of 45 new breeding 

varieties of non glutinous pigmented brown rice are summarized in Table 8. Wild 

variation of antioxidant activities were found in non glutinous pigmented brown rice 

which ranging from 4.41 to 66.40 μmole TE/g in FRAP assay and 37.91 to 239.29 

μmole TE/g in H-ORAC assay. When the Quartile deviation was used to set 

antioxidant activities of non glutinous pigmented rice into three levels, particularly in 

high (more than 19.91 μmole TE/g in FRAP assay and more than 104.50 μmole TE/g 

in H-ORAC assay), medium (7.80 - 19.91 μmole TE/g in FRAP assay and 52.35 - 

104.50 μmole TE/g in H-ORAC assay) and in low level (less than 7.80 μmole TE/g in 

FRAP assay and less than 52.35 μmole TE/g in H-ORAC assay). The results showed 

that high antioxidant activity in FRAP and H-ORAC assay of non glutinous pigmented 

brown rice are similarly. High antioxidant activity (both FRAP and H-ORAC assay) 

were found in rice strains that crossed breeding from Khaw Kamdoichang x Khaw 

Homphama except rice #32-5-7-6-1-0 which showed medium antioxidant activity 

(18.55 μmole TE/g in FRAP value and 102.75 μmole TE/g in H-ORAC value).  

Moreover rice FR13A, #909-10-1-3, #89-27 and #94-39 also showed high antioxidant 

activity in both FRAP and H-ORAC assay. In this study we found that H-ORAC 

values are around 3-9 fold higher than FRAP values in new breeding non pigmented 

rice. 

       Total polyphenol content ranged from 77.86 to 850.50 for non glutinous 

pigmented brown rice. Base on Quartile deviation, the levels of total polyphenol 

content are divided into three levels. The high level of total polyphenol was set to 

more than 311.87 mgGAE/100g, medium range from 157.53-311.87 mgGAE/100g 

and low its less than 157.53 mgGAE/100g. High level of total polyphenol contents 
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were found in rice strains that cross breeding from Khaw Kamdoichang x Khaw Hom 

phama except rice #32-5-7-6-1-0 which showed medium total polyphenol content 

(307.49 mg/100g). Rice FR13A, #909-10-1-3, #44.32, #89-27 and #94.39 also showed 

high total polyphenol content, while the lowest was found in Jao Hom Nil mutant 

brown rice (77.86 mg GAE/100g). 

       Cyanidin and peonidin content of non glutinous pigmented brown rice varied from 

0.30 to 252.40 mg/100g and 0.00 to 26.65 mg/100g, respectively. According to 

Quartile deviation, the data of cyanidin and peonidin contents in non glutinous 

pigmented rice varieties are divided in to three levels, in high (more than 18.17 

mg/100g of cyanidin and more than 5.69 mg/100g in peodinin), medium (0.64-18.17 

mg/100 of cyanidin and 0.70-5.69 of peonidin) and in low level (less than 0.64 

mg/100g of cyaniding and less than 0.70 of peonidin). High concentrations level of 

cyanidin and peonidin were found in all rice strains that cross breeding from Khaw 

Kamdoichang and Khaw Homphama, including rice FR13A, #909-10-1-3, #44.32 and 

#89-27. 

       Vitamin E content of non glutinous pigmented brown rice variety ranged from 

500.10 to 2290.24 μg/100g. When the Quartile deviation was used to set the 

concentration of vitamin E in non glutinous pigmented rice into three level, 

particularly in high (more than 1150.04 μg/100g), medium (705.81-1150.04 μg/100g) 

and low level ( less than 705.81). The results showed that high vitamin E content were 

found in all rice varieties which cross breeding between Khaw Kamdoichang x Khaw 

Homphama, including rice varieties BT#3, #44-42, #88.37 and #89-1. 

       β-carotene of non glutinous pigmented brown rice ranged from 1.49 to 90.57 

μg/100g. Base on Quartile deviation, the levels of β-carotene content in non 

pigmented rice are divided into three levels. The high level of β-carotene was set to 

more than 26.83 μg/100g, medium range from 9.71-26.83 μg/100g and low it is less 

than 9.71 μg/100g. The high level of  β-carotene content was found in rice varieties 

that cross breeding from Khaw Kamdoichang and Khaw Homphama except rice #23-

5-3-6-2 which showed medium β-carotene content (24.25 μg/100g). Moreover the 

highest level of β-carotene also found in rice varieties which cross breeding from 
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Khaw Jaohom nil x Khaw Homsuphan ,especially rice #94-39, #44-32, #89-27, and 

#80-39 

       From this study, rice #53-4-6-3-1-0 which crossed breeding from Khaw 

kamdoichang x Khaw homphama shown the excellent source not only antioxidant 

activity in both FRAP and H-ORAC assay but also showed the highest cyanidin, 

peonidin, and vitamin E content whereas rice #24-11-7-6-1-0 (Khaw kamdoichang x 

Khaw homphama) showed the greatest total polyphenol and rice #94-39 which crossed 

breeding between  Khaw Jaohom nil x Khaw Hom suphan showed the highest β-

carotene content as showed in Table 8. 

       The comparison of amount antioxidant activities, total polyphenol, 

anthocyanidins, vitamin E and β-carotene contents among various new breeding rice 

varieties in present study showed that the pigmented brown rice which crossed 

breeding from Khaw kamdoichang x Khaw homphama are excellent source of 

antioxidant activity and antioxidant contents. However, the values of some rice 

varieties such as #94-39, #44-32, #89-27 and #80-39 which crossed breeding from 

Khaw Jaohom nil x Khaw Hom suphan showed higher β-carotene content than those 

rice which crossed breeding from Khaw kamdoichang x Khaw homphama (Table 8).  

       The comparison of antioxidant activities, total poyphenol, anthocyanidins, vitamin 

E and β-carotene content of 3 groups of rice breeding are showed in table 9. The 

pigmented brown rice which crossed breeding from Khaw kamdoichang x Khaw 

homphama are significantly higher antioxidant activities both FRAP and H-ORAC 

values, total polyphenol, anthocyanidin, vitamin E and β-carotene content than 

pigmented brown rice which crossed breeding from Khaw Dokmali 105 x Khaw 

Jaohom nil  (KDML105 x JHN) and Khaw Homsuphan x Khaw Jaohom nil. 
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Table 9 Antioxidant activity, total polyphenol, anthocyanidins, vitamin E and β-

carotene of 3 groups of rice breeding of non glutinous pigmented rice (dry basis)1.2 

 

Content 
Kamdoichang x 

Homphama (n=7) 

Dokmali 105 x 

Jaohom nil  (n=4) 

Homsuphan x 

Jaohom nil (n=31) 

FRAP 

(μmol TE/g) 
    47.95  ±   17.30 

a
  17.98   ±    11.24

 b
   10.41   ±     5.29

 c
 

H-ORAC 

(μmol TE/g) 
  175.60  ±   55.54

 a
   85.81  ±    23.29

 b
   62.94   ±   19.79

 c
 

Polyphenol 

((mgGAE/100g) 
  625.81  ±  184.54

 a
 295.58  ±   149.87

b
 192.55   ±   71.40

 c
 

Anthocyanidins     

Cyanidin 

(mg/100g) 
  142.32  ±   76.81

 a
   17.12  ±   26.81

 b
     3.68   ±    6.34

 c
 

Peonidin 

(mg/100g) 
    14.07  ±     6.36

 a
     5.31  ±     7.97

ab
     2.62   ±    4.75

 b
 

Vitamin E 

(μg/100g) 
1892.06  ±  377.80

 a
 872.42  ±  422.79

 b
  882.85  ±  227.83

b
 

β-carotene 

(μg/100g) 
   52.14   ±    19.64

 a
   20.06   ±      6.56

b
   19.63   ±    19.39

b
 

1 Mean ± SD 

2 Values within the same row with difference superscripts are significant  

    difference using nonparametric (Mann-Whitney U) test at p<0.05 
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       Antioxidants content and antioxidant activities of 7 varieties of rice bran are 

shown in Table 10.  Analysis data showed that among three varieties of white rice 

bran, the highest values of total polyphenol, β-carotene and antioxidant activities in 

both FRAP and H-ORAC method was found in rice bran IR68144 genotype while rice 

bran # 909-21-2-5 showed the excellent source vitamin E (4991.36 µg/100g).   For 

pigmented rice bran, Jaohom Nil (BT) showed the highest antioxidant value in both 

FRAP and H-ORAC method and the greatest value of total polyphenol, cyanidin, and 

peonidin content whereas rice bran of non-glutinous rice BT # 3 which crossing 

breeding from Khaw Dokmali 105 x Khaw Jaohom nil showed high concentration of 

vitamin E and β-carotene content with an average about 4598.42 µg/100g and 106.88 

µg/100g, respectively. To compare the antioxidants values and the FRAP and H-

ORAC value in pigmented rice bran and white rice bran on dry basis weight found that 

the antioxidants content and the FRAP and H-ORAC value of all pigmented rice bran 

in present study showed significant greater than white rice bran. With exception the 

amount of vitamin E concentration in white bran was slightly higher than pigmented 

rice bran with mean average 3872.46 and 3697.38 µg/100g for white bran and 

pigmented rice bran, respectively. However, there are no significant difference in 

vitamin E and β-carotene content between white rice bran and pigmented rice bran in 

this study.  

       The results of comparison of antioxidants and antioxidant activities between the 

glutinous pigmented rice and non glutinous rice are shown in Table 11. Antioxidant 

activities of glutinous pigmented rice in present study are ranging from 46.93 to 79.21 

μmole TE/g in FRAP assay and 127.91 to 207.23 μmole TE/g in H-ORAC assay. For 

antioxidants content such as total polyphenol, total anthocyanidins, vitamin E and β-

carotene concentration in both 6 glutinous pigmented rice and 45 new breeding non 

glutinous pigmented rice varieties showed that there are widely variation of 

antioxidants content with ranging from 278.78 to 489.78 and 77.86 to 850.50 mg 

GAE/100g, 139.62 to 265.63 and 0.66 to 279.05 mg/100g, 1241.81 to 1414.64 and 

500.10 to 2290.24 µg/100g,   12.24 to 47.97 and 1.49 to 90.59 µg/100g, respectively.  

Analysis data demonstrated that glutinous pigmented rice had significant greater both 

in antioxidant activity and antioxidants content than non glutinous rice as shown in 

Table 11.                                                                                                                                                    
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Table 11 Antioxidant activity, total polyphenol, anthocyanidins, vitamin E and β-

carotene of non glutinous pigmented rice and glutinous pigmented rice (dry basis)1,2 

Content Non glutinous 
pigmented rice 3 Glutinous pigmented rice 4 

moisture       10.35   ±     0.95         11.68    ±     0.57 

FRAP (μmol TE/g) 
      17.52   ±   16.34 a 

(4.41 - 66.40) 9.31 

        64.49    ±    13.21 b 

(46.93 - 79.21) 65.83 

H-ORAC (μmol TE/g) 
      84.53   ±   50.30 a 

(37.91 - 239.29) 63.39 

      171.11    ±    26.55 b 

(127.91 - 207.29) 170.38 

Polyphenol 
((mgGAE/100g) 

    276.15   ±  192.45 a 

(77.86 - 850.50) 187.58 

      406.46    ±    81.07 b 

(278.78 - 489.78) 427.48 

Anthocyanidins    

Cyanidin (mg/100g) 
      26.90   ±   58.41 a 

(0.30 - 252.40) 1.74 

      180.30    ±    46.95 b 

(131.05 - 246.10) 169.54 

Peonidin (mg/100g) 
        4.54   ±     6.58 a 

(0.00 - 26.65) 1.44 

        13.13    ±      4.15 b 

(8.57 - 19.43) 12.20 

Total (mg/100g) 
      31.43   ±   63.73 a 

(0.66 - 279.05) 3.71 

      193.44    ±    51.11 b 

(139.62 - 265.63) 181.73 

Vitamin E (μg/100g) 
  1028.07   ±   459.34 a 

(500.10 - 2290.24)  923.77 

    1355.75    ±    67.27 b 

(1241.81 - 1414.64) 1380.03 

β-carotene (μg/100g) 
      23.72   ±    21.89 a 

(1.49 - 90.57) 13.97 

        31.13    ±    11.39 b 

(12.24 - 47.97) 31.67 

1 Mean ± SD, range (minimum-maximum) and median 

2 Values within the same row with difference superscripts are significant  

    difference using nonparametric (Mann-Whitney U) test at p<0.05 

 3 n = 45, in duplicate analysis 
 4 n= 6, in duplicate analysis 
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5.2 Correlation between the FRAP value and the ORAC value of pigmented rice 

and antioxidant contents 

          The data in present study revealed that the FRAP and H-ORAC values were 

significant correlate with r = 0.879 at p value less than 0.01 as showed in Figure 7 
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                  Figure 7 Correlation between the ORAC values and FRAP values 

 

          To evaluate the correlation among FRAP assay and antioxidant content, such as 

total polyphenol, cyanidin, peonidin, vitamin E and β-carotene revealed that  the 

FRAP value were significant correlate with either total polyphenol, cyanidin, 

peonidin, vitamin E and β-carotene at r = 0.960, 0.964, 0.879, 0.653 and 0.700 

respectively at p value less than 0.01 as showed in Figure 8A-E.  
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   Figure 8 A-E showed the correlation between FRAP values with either total 

polyphenol, cyanidin, peonidin, vitamin E or β-carotene with r = 0.960, 0.964, 0.879, 

0.653 and 0.700 at p value less than 0.01 

 

 
       In addition, the H-ORAC values of all pigmented brown rice which present in this 

study showed that the significant correlation were found with H-ORAC values and all 

antioxidants content such as total polyphenol, cyaniding, peonidin, vitamin E and β-

carotene with r = 0.885, 0.863, 0.768, 0.672 and 0.654, respectively at p value less 

than 0.01 (Figure 9 A-E) 
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Figure 9 A-E showed the correlation among the H-ORAC value with either 

antioxidants content; total polyphenol, cyaniding, peonidin, vitamin E and β-carotene 

with correlation r = 0.885, 0.863, 0.768, 0.672 and 0.654, respectively at p value less 

than 0.01 

 
 
Table 12   Correlation coefficient between antioxidant activities and antioxidant   

                 contents of pigmented rice 

 
 FRAP ORAC 

FRAP - r = 0.879 

ORAC r = 0.879 - 

Total polyphenol r =0.960 r = 0.885 

Cyanidin r = 0.964 r = 0.863 

Peonidin r = 0.879 r = 0.768 

Vitamin E r = 0.653 r = 0.672 

β-carotene r = 0.700 r = 0.654 

 
 

E
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5.3  Effect of cooking model of the selected pigmented rice on the changing of 

antioxidant activity (H-ORAC and FRAP assay), total polyphenol, 

anthocyanidins, vitamin E and β-carotene content 

 

       5.3.1  Effect of cooking model of the selected pigmented rice on the changing 

of antioxidant activity (H-ORAC and FRAP assay), total polyphenol, 

anthocyanidins, vitamin E and β-carotene content 

       The objective in this part was to evaluate the effect of cooking on the H-ORAC 

and FRAP assay and the amount of antioxidants value by using the pigmented brown 

and polish rice that is name rice berry; # 1000-11-2-26 as a model for their testing.  

Analysis data demonstrated that after cooking, the antioxidant activity in the H-ORAC 

value loss more 64 % especially the greatest loss was found in cooked polished rice 

model with approximately 80%.  The cooking effect are seriously destroying not only 

antioxidant activity but also decreasing total polyphenol, cyanidin and peodinin 

contents with approximately 25, 62 and 55%, respectively  in brown pigmented rice 

model (Table 13).  In addition, when we look at the result of the antioxidant activity 

(H-ORAC and FRAP value) and antioxidants value i.e., total polyphenol, cyanidins 

and peodinins values in milled rice,  heat treatment showed more seriously the greatest 

destroying on the content or activity of those antioxidants when milled rice is cooked 

by electric rice cooker as showed in table 14.   Comparison of cooking effect on both 

cooked brown and polished rice, analysis data showed that cooked polished rice were 

easily lost in activity and antioxidants content after cooking especially for H-ORAC 

and total polyphenol value with a loss of more than 80%.    It is noted that the cooking  

had slightly effect on the amount of vitamin E in cooked pigmented brown rice with 

approximately by about 5% as well as the heat treatment had no effect on destroying  

of  the β-carotene content (table 13 ) 
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Table 13  Effect of cooking on antioxidant activity, total polyphenol, anthocyanidins,  

                 vitamin E and β-carotene in 1000-11-2-26 brown rice (dry basis) 

Content Brown 1000-11-2-26  
  raw Cook 3 % loss 
FRAP(umoles TE/g) 16.72   ±   0.68 1 12.33   ±   0.41 26 
H-ORAC (umoles TE/g)    91.77   ±   6.12 1   33.26   ±   1.66 64 
Polyphenol 
(mgGAE/100g)  266.13   ±   5.06 1 199.33   ±   4.46 25 
Anthocyanidins    
Cyanidin (mg/100g)     8.55    ±   0.48 1     3.21   ±   0.13 62 
Peonidin (mg/100g)     3.11    ±   0.21 1      1.39   ±   0.04 55 
Vitamin E (ug/100g) 458.47    ±  11.57 2 437.12   ±  32.68 5 
β-carotene (ug/100g)   22.86    ±    0.38  2   22.98   ±    2.00 0 

1Mean ± standard deviation of 10 replicates 
2Mean ± standard deviation of 6 replicates 
 3Mean ±  standard deviation of duplicate analysis, n=5 

 

 

Table 14  Effect of cooking on antioxidant activity, total polyphenol, anthocyanidins,   

                 vitamin E and β-carotene in 1000-11-2-26 Polished rice (dry basis)1 

Content Polished 1000-11-2-26  
  Raw 1 Cook 2 % loss 
FRAP(μmoles TE/g)   2.85   ±   0.04  1.90   ±   0.07 34 
H-ORAC(μmoles TE/g) 15.91   ±   1.13  3.12   ±   0.60 80 
Polyphenol 
(mgGAE/100g) 53.11   ±   2.77  9.64   ±   0.42 81 
Anthocyanidins    
Cyanidin (mg/100g)   0.57   ±   0.03  0.27   ±   0.01 51 
Peonidin (mg/100g)   0.27   ±   0.01  0.16   ±   0.01 48 
Vitamin E (μg/100g) ND - - 
β-carotene (μg/100g) ND - - 

1Mean ± standard deviation of 10 replicates analysis 
2Mean ±  standard deviation of duplicate analysis, n=5 

  ND:Not detected 
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Table  15  Antioxidant activities, total polyphenol, anthocyanidins, Vitamin E,  

                 β- carotene content of cooked 1000-11-2-26 pigmented rice per serving size 

                 (wet basis) 1 

 

Amount per serving 

  
Cooked 1000-11-2-26 

  
  Brown polished 
FRAP(μmoles TE/serving)   902.17   ±    32.95    159.33   ±    5.55 
H-ORAC(μmoles TE/ serving) 4507.21   ±   239.00    521.48   ±   93.17 
Polyphenol (mgGAE/ serving)   145.89   ±      3.63        8.08   ±    0.19 
Anthocyanidins   
Cyanidin (mg/ serving)       2.35   ±      0.08        0.23   ±    0.01 
Peodinin (mg/ serving)       1.02   ±      0.03        0.13   ±    0.01 
Total (mg/ serving)       3.37   ±      0.10        0.34   ±    0.02 
Vitamin E (μg/ serving)   314.55   ±    21.75 ND 
β-carotene (μg/ serving)     16.61   ±      1.98 ND 

1Mean ± standard deviation of duplicate analysis, n=5 

  ND: Not detected 

 

       The calculations of cooked rice per serving are equally 180 gram of cooked rice 

that is followed as according to the manual of nutrition flag healthy eating for Thais.   

The calculation data demonstrated that cooked brown rice model are excellent sources 

of antioxidant both in activity and content when compared with cooked polished rice 

especially not only high in  H-ORAC and FRAP assay but also high in vitamin E and  

total polyphenol as shown in Table 15. 
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Table 16  Antioxidant activities and anthocyanidins content of cooked rice model   

                 (#1000-11-2-26) pigmented rice, fruit juice and green tea per serving  

Name 
Antioxidant activity 
(μmole TE/serving) 

Anthocyanin 
(mg/serving) 

 H-ORAC FRAP Cyanidin Peonidin 
1000-11-2-26 brown 1 4507.21 902.17 2.35 1.02 
1000-11-2-26 polish 1 521.48 159.33 0.23 0.13 
Apple juice 2 1620.00 224.00 0.10 ND 
Beetroot juice 2 1174.00 488.00 ND ND 
Orange juice2 1214.00 164.00 0.08 ND 
Grape juice2 2615.00 582.00 0.42 0.18 
Green tea2 2574.00 1000.00 0.42 ND 

1Mean of duplicate analysis, n=5 
2Value are an average of duplicate analysis 

 

       Anthocyanins are glycosides which are found in many vegetables which attract 

with color.  Recently, various investigators suggested that anthocyanins had a potential 

to biological and pharmacology benefit such as act as antioxidant activity (27,74) , 

anti-inflammation (75-77), reducing the risk of cardiovascular diseases, anti-tumor by 

the inducing of apoptosis cell to prevent tumor promotion(78-80).  To compare the 

activity (H-ORAC and FRAP value) and total anthocyanins per serving between 

cooked pigmented brown rice and various fruit juice.    Analysis data revealed that 

cooked pigmented rice model in present study showed the excellent sources both in 

activity of H-ORAC and FRAP assay and antioxidant content when compared to 

various fruit juices in the table 16 and figure 10 A and B.    Especially, when the 

comparing antioxidant activity and anthocyanidins among grape juice, green tea  and  

cooked pigmented rice model found that cooked pigmented rice, particularly brown 

rice had  a greater on the H-ORAC activity and anthocyanins content with proximately 

1.7 fold for H-ORAC assay and 5.6 times for anthocyanins content, respectively than 

grape and green tea juice (Table 16 and figure 10  and 11) which various studied 

showed both grape and green tea juice had a  high potential to prevent many non-

communicable diseases. Therefore, the consumption of new breeding the cooked 

pigmented rice, in present study might increase the antioxidant content and activity in 

human biological life. 
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Figure 10  Antioxidant activities of cooked 1000-11-2-26 pigmented rice, fruit juices 

                   and green tea per serving  
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Figure 11  Anthocyanidins of cooked 1000-11-2-26 pigmented rice, fruit juices and  

                   green tea per serving  
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     5.3.2 Effect of washing rice before cooking of the selected pigmented rice on 

the changing of antioxidant activity (H-ORAC and FRAP assay), total 

polyphenol, anthocyanidins, vitamin E and β-carotene content 

 

       Before cooking, pigmented brown rice model was washed one and two times with 

500 ml deionized water (see, the procedure of the cooking model). The result of one 

time and two times washing showed that antioxidant activities (FRAP and ORAC) and 

total polyphenol contents were slightly lost into the water by about 1.77 and 3.17%, 

2.23 and 3.60%, and 0.94 and 2.28% for FRAP, ORAC, and total polyphenol, 

respectively (see Table 17 and 18) whereas vitamin E, β-carotene and anthocyanidins 

contents were not found in the water (table 17 and 18). In addition, analysis data of 

percent loss of cooking brown rice after washed one and two times was found that 

after cooked the antioxidant activity lost around 34.5 and 36.7% for FRAP and 47.8 

and 51.7% for ORAC whereas polyphenol, Cyanidin, Peonidin, vitamin E, and beta-

carotene lost about 18 and 23.6%, 61.6 and 62.6%, 49.1 and 58.1%, 4.5 and 7.3% and 

6.28 and 8.4% respectively. From analysis data of brown rice model of present study 

may indicate that the heating effect are strongly reduced the antioxidant activity, total 

polyphenol and anthocyanidins content in brown rice model as see in table 17 and 18. 

       For polished rice model, when the polished rice was washed with deionized water 

for one and two times, their loss in antioxidant activities and total polyphenol were 

about 37 and 43% for FRAP, 9.8 and 15.4% for ORAC and 26 and 30% for total 

polyphenol whereas anthocyanidins content for both Cyanidin and Peonodin were 

slightly lost into the water by about 5.0 and 5.9% and 2.7 and 6.7%, respectively (see 

table 19 and 20). Therefore the important cause of loss of activities of antioxidant, 

total polyphenol, cyanidin and peonidin in polished rice model are mainly from 

washing and cooking affect, see in table 19 and 20. 
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5.4  Antioxidant activity, total polyphenol, anthocyanidins, vitamin E and β-

carotene during storage in selected breed pigmented rice model. 

 

       5.4.1  Antioxidant activity, total polyphenol, anthocyanidins, vitamin E and 

β-carotene during storage in room temperature. 

                 After storage at 0, 1, 2 and 3 month at room temperature of rice model in 

both brown and polish rice, there were significant changes in antioxidant activity, total 

polyphenol, anthocyanidins, vitamin E and β-carotene content. No significant change 

on the FRAP value of brown rice model was observed during 3 month of storage in 

room temperature whereas there were significantly decreased approximately 7%  after 

2 month of storage in polished rice model. The H-ORAC antioxidant activity, 

cyanidin, and peodinin were found significant decrease by about 19%, 8 % and 10%, 

respectively, after 1 month of storage in brown rice and 19%, 20% and 14%, 

respectively in polish rice model.  Total polyphenol content in brown rice was 

significantly decreased approximately 3% after 2 month of storage and polish rice was 

significantly decreased about 20% after 1 month of storage. (Table 21) 

                To compare the vitamin E and β-carotene content during the storage 

between 0 and 3 months in pigmented brown rice model, it showed that the β-carotene 

at 3 month of  rice storage was significantly decreased approximately 15% at p less 

than 0.05 when compare to the content at  0 month.  It is surprising that the amount of 

vitamin E content at 3 month showed higher value than that at 0 month (about 8%).  

(Table 22) 
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Table 22  Vitamin E and β-carotene on dry weight basis during storage of pigmented  

                  rice model at room temperature 1 

 

Mo Moisture Vitamin E 2 β-carotene 3 
Name 

 (g/100g) μg/100g μg/100g 

1000-11-2-26 0 12.06 ± 0.28 457.63 ± 18.58a 26.48 ± 0.73a 
Brown raw 3 11.93 ± 0.15   492.03 ±   4.12b 22.38 ± 0.73b 
Significance   ** ** 

     1Mean ± standard deviation of 6 replicates analysis 

     2Values within the same column with difference superscripts are significant 

       different by non parametric using  Wilcoxon Signed Ranks test at p<0.05 

     3Values within the same column with difference superscripts are significant 

        different by independent paired t-test at p<0.05 
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5.4.2  Antioxidant activity, total polyphenol, anthocyanidins, vitamin E and β-

carotene content during storage in refrigerator 

            After storage 3 month in refrigerator, there were no significant changes in the 

FRAP antioxidant activity, cyanidin, and peodinin content in both brown and polish 

raw whereas, the H-ORAC antioxidant activity and total polyphenol in both brown 

and polish raw were significant decreased approximately 15 % in brown rice and 28% 

in polished rice.  (Table 24) 

          After 3 month of storage in refrigerator of brown rice model showed no change 

on vitamin E content while β-carotene was significantly decreases about 13% after 3 

month of storage of brown rice as showed in Table 23 

 

Table 23  Vitamin E and β-carotene on dry weight basis during storage of pigmented  

                  rice model at refrigerator1 

Mo Moisture Vitamin E 2 β-carotene 3 Name 
 (g/100g) μg/100g μg/100g 

1000-11-2-26 0 12.06 ± 0.28 457.63 ± 18.58a 26.48 ± 0.73a 
Brown raw 3 12.75 ± 0.19 458.47 ± 11.57a 22.86 ± 0.38b 
Significance   NS ** 

         1Mean ± standard deviation of 6 replicates analysis 

         2Values within the same column with difference superscripts are significant 

           different by non parametric using Wilcoxon Signed Ranks test at p<0.05 

         3Values within the same column with difference superscripts are significant  

           different by independent paired t-test at p<0.05 
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CHAPTER 6 

DISCUSSION 
 

 

6.1  Antioxidants and antioxidant activity of 45 new breeding non pigmented rice 

       and 7  rice bran 

 

       This study is the part of the project of integrated Biotechnology in developing rice 

strains for high values-added and nutritional enrichment to investigate antioxidants 

and antioxidant capacity in breed pigmented rice and rice bran. Because various 

compounds in pigmented rice and rice bran such as total polyphenol, vitamin E, and 

anthocyanidins content provide protection against reactive oxygen species and free 

radical, which have been implicated in many diseases (3, 41, 42, 45, 49).  

       In general, the determination of antioxidant activity was based on two major 

mechanisms, Hydrogen Atom Transfer (HAT), and Single Electron Transfer 

(SET)(83, 84, 88). From the recommendations for antioxidant activity methods 

standardization, it is clear that only one antioxidant activity assay will not truly reflect 

the “total antioxidant activity”. The total antioxidant activity needs at least two 

methods for determination of antioxidant activity due to reflect and differentiate both 

hydrogen atom transfer (radical quenching) and electron transfer (radical reducing) 

(84). Therefore the present study use two methods (FRAP and H-ORAC assay) with 

different mechanism to evaluate the antioxidant activity. FRAP assay was based on 

single electron transfer whereas ORAC assay was based on hydrogen atom transfer 

(84). However, Aguilar-Garsia et al.(2006) suggested that the value obtained from 

FRAP and H-ORAC assay may or may not correlate for all kinds of food samples. 

Such as Moyer et al. (2002) reported that analysis data of berries which obtained from 

H-ORAC and FRAP assay was correlated (r=0.84) (103), while Ou et al. (2002) found 

that H-ORAC and FRAP assay were divergent when applied to common vegetables, 

however it is depending on the food system being tested (88).  FRAP is one of the 

most simple, rapid, inexpensive, and useful for routine analysis which does not require   
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specialized equipment. However it has the limitation that it does not measure thiol 

antioxidants, such as glutathione. FRAP actually measures only the reducing 

capability based upon the ferric ion, which is not relevant to antioxidant activity 

mechanistically and physiologically (83, 84). H-ORAC assay measures antioxidant 

inhibition of peroxyl radicals induced oxidations and thus reflects classical radical 

chain breaking antioxidants by hydrogen atom transfer (83, 84). ORAC assay in 

present study is measurement only the hydrophilic chain breaking antioxidant activity 

against only peroxyl radicals (83, 84). 

       In this study, antioxidant activity of rice was determined by FRAP and H-ORAC 

assays as shown in table 8 and table 10. Both assays are popular used for assessment 

of antioxidant activity in vitro an foreign biological system (57, 88, 104-107), 

especially ORAC assay which have advantage to relate biological system (92, 108). 

The peroxyl radical is the most common free radical in human biology, but the 

hydroxyl radicals, single oxygen, superoxide radicals, and reactive nitrogen species all 

are present in biological system. Wild variations of antioxidant activity (FRAP and H-

ORAC) in purple rice varieties were observed which ranging from 4.41 to 66.40 

μmole TE/g in FRAP assay and 37.91 to 239.29 μmole TE/g in H-ORAC assay. 

Whereas antioxidant activities of glutinous pigmented rice ranged from 46.93 to 79.21 

μmole TE/g in FRAP assay and 127.91 to 207.23 μmole TE/g in H-ORAC assay. 

These may due to their cross breeding from the different strains of various rice 

varieties. The consideration of the H-ORAC and FRAP values among pigmented 

brown rice in this study showed that almost the purple brown rice variety which cross 

breeding from Khaw Kamdoichang X Khaw Homphama are excellent sources of 

antioxidant activity especially variety #53-4-6-3-1-0, # 24-11-7-6-1-0, # 49-6-6-10-1-0 

and # 24-11-7-7-2-0. The H-ORAC and FRAP activity in the present study was higher 

than those reported by Aguilar-Garcia and colleagues which published in 2006 and 

reported that antioxidant activities in three varieties of brown rice were about 2 - 4 

μmole TE/g dry basis in FRAP assay and 14-18 μmole TE/g dry basis in H-ORAC 

assay (57).  The higher values in this study might be due to the content of polyphenol 

and colour of the samples which Aguilar-Garcia and colleagues studied in brown rice 

(57, 109-111) while the samples in this study were purple rice varieties.  In addition, 

many researchers including Bertoncelj and colleagues which published in 2007 
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demonstrated that  the honeys with dark colour have a higher total phenolic content 

and consequently a higher antioxidant capacity (109-111). Data in this study showed 

that antioxidant activities (H-ORAC and FRAP assay) of pigmented rice bran (293.49 

± 67.51, 72.28 ± 8.70 μmole TE/g dry basis) were found significantly higher than 

white rice bran (97.19 ± 14.43, 24.02 ± 6.13 μmole TE/g, respectively) as showed in 

table 10.   This result  was not similar to obtain from the reported of Aguilar-Garcia et 

al, 2006 who reported that H-ORAC in rice bran was about 40-70 μmole TE/g dry 

basis while FRAP value was about 15-17 μmole TE/g dry basis (57).   In the other 

hand, the results in this study of hydrophilic ORAC activity in rice bran was similar to 

that the hydrophilic ORAC value which reported by Wu et. al (2004) who found that 

hydrophilic ORAC  activity of rice bran was around 88.17 ± 1.52 μmole TE/g dry 

weight and 154.70 ± 3.58  μmole TE/g dry weight  in lipophilic ORAC (112, 113). 

Rice (Oryza sativa Linn.) is the principle cereal consumed as staple for nearly half of 

the world’s population. Rice is staple food which was consumed by Thai people with 

approximately 276 g/day (114, 115).  Estimation of daily antioxidant activity intake 

for Thai people from purple rice sources was around 13,822.11 μmole TE/ day in 

cooked which could be regarded as the best sources of total antioxidant activity as 

compared to the vegetables group that showed the greatest sources of total antioxidant 

activity (14,000-2,000 μmole TE/ serving)(113). 

       Polyphenolic compounds are associated with preventing of diseases though to be 

induced by oxidative stress, such as cardiovascular diseases, cancer, and inflammatory 

(66, 116, 117). The possible protective effects reported are generally associated with 

the antioxidant activity of the polyphenolic.  Total polyphenol content in all rice were 

analyzed using the Folin-Ciocauteu reagent. Total polyphenol content ranged from 

77.86 to 850.50 mg GAE/100g  (0.41 - 45.21 μmole GAE/g) of pigmented brown rice 

and 1171.39 - 1436.35 mg GAE/100g (62.27-74.35 μmole GAE/g) in rice bran, 

whereas total polyphenol in white rice bran were in the ranging from 301.79 - 402.73 

mg GAE/100g dry weight (16.04-21.41 μmole GAE/g) . These values are higher than 

those the publication of Aguilar-Garcia and colleagues in 2006 (57) demonstrated that 

total polyphenol content in three varieties of brown rice and rice bran (“Cimarron”, 

“Zeta 15”, “FONAIP-1” rice variety )  ranged from 6.04 - 6.84 μmol GAE/g dry 
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weight in bran and ranged from 1.01-1.16 μmol GAE/g in brown rice. Moreover, total 

polyphenol in white rice bran in present study was similar to previously published by 

Iqbal et al., 2005  which reported values of total polyphenol in rice bran extract with 

range from  251 – 359 mgGAE/100 g wet weight (28).  In addition, total polyphenol in 

pigmented rice bran of this study was found about 1063 to 1293 mgGEA/100g wet 

weight in pigmented rice bran and 265.20 to 365.20 mgGEA/100g wet weight in white 

rice bran that it is closely to ancient black rice bran (1210 ± 340.00 mgGEA/100g wet 

weight) and present-day rice bran “Koshihikari” (510 ± 20 GEA/100g wet weight)  but 

lower than ancient red rice bran (2550 ± 620 mgGEA/100 wet weight) which 

published by Kaneda et al. (2007) (118).   Comparison the amount of total polyphenol 

content between purple brown rice which crossed breeding from Khaw kamdoichang 

X Khaw Homphama with cranberries that reported by Wu et al., 2004.  Cranberries 

fruit have to be claimed the excellent sources of fruits phenol, analysis data showed 

that total polyphenol in purple rice of this study (3.1 to 8.5 GEA/100g) was nearly the 

value which obtained from cranberries fruits data ((7.09 mg GAE/g) (113) 

       Anthocyanins is a one of the photochemical compound which there are many 

research suggested to be involved in the inhibitory influence on various non-

communicable diseases such as inhibitory cancer development (78-80),anti-

inflammatory (75-77) and estrogenic activity (119).  In addition, Tsuda T., 2003 

suggested that anthocyanins may have benefits for prevention of obesity and 

diabetates. It is due to cyaniding 3-glucoside suppressed the mRNA levels of the 

enzymes including in the fatty acid and triacylglycerol synthesis (81) .  Briviba et al., 

2001 and Kang et al., 2003 demonstrated  that the major sources of  anthocyanins and 

anthocyanidins are found in red, violet and blue pigmentation to be involved in the 

inhibitory effect on colon cancer development using in vitro and in vivo models (120, 

121). The major anthocyanidin in pigmented rice varieties in this study is cyanidin and 

minor is peodinin which in agreement with the previous study by Ryu et al.(20),  Hu et 

al(19), El-Sayed et al.(82) and Yawadio et al. (122).    Analysis data showed that Rice 

# 53-4-6-3-1-0 had the highest anthocyanidins both in cyanidin (252 mg/100g) and 

peodinin (26 mg/100g) which lower than “Suwan #415” pigmented rice in Korea. 

(20).  Ryu et al. (1998) reported among 10 rice variety of black rice that showed the 

most common of total anthocyanin content are a major content with cyanidin 3-
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glucoside  which are vary wide variation with ranging from 0.00-470 mg/100g, while 

peonidin 3-glucoside (0.00-40 mg/100g) was found a minor of total anthocyanin 

content  (20). Hu et al. (2003) found that the content of total anthocyanins in the whole 

black rice grain was 0.16% and of the aleurone layer 1.36 %.   The total anthocyanin 

presented in the pigmented layer or aleurone was by about 85% of the whole rice (19).   

Moreover, El-Sayed et al. (2006) demonstrate that cyanidin 3-glucoside was the most 

abundant anthocyanin in black rice and red rice, accounting for 88 and 67% of the 

total anthocyanins, respectively (82) .  In addition, Ming-wei et al. reported that the 

main active components for antioxidant in black rice were malvidin, pelargonidin-3,5 

diglucosige, cyanidin 3-glucoside and cyanidin-3,5 diglucoside (123).  The most those 

finding are in agreement with the data in present study found that the major of total 

anthocyanin content in pigmented brown rice and bran rice powder is cyanidin and 

minor content found in form peonidin.   

     Vitamin E, is a term that encompasses a group of potent, lipid soluble, chain 

breaking antioxidants. Structural analyses have revealed that molecules having vitamin 

E antioxidant activity include four tocopherols (α,β,γ,δ) and four tocotrionols 

(α,β,γ,δ). One form, α-tocopherol, is the most abundant form in nature, has the highest 

biological activity based on fetal resorption assay, and reverse vitamin E deficiency 

symptoms in human(50, 51). The major area of interest concerning vitamin E is 

essential in preventing damaged caused by free radicals. Vitamin E acts as a free 

radical scavenger ,i.e., a sacrificial molecule with which the peroxyl radicals 

preferentially react, rather than with biological molecules, thus preventing damage to 

cell structure (50). The antioxidant activity of vitamin E has persuaded many groups to 

study its ability to prevent chronic diseases, especially those believed to have 

oxidative stress component such as cardiovascular diseases, atherosclerosis, and 

cancer. Epidemiological studies have reported that high vitamin E intakes are 

correlated with reduced risk of cardiovascular disease suggesting that vitamin E play 

specific roles beyond that of its antioxidant function.(124, 125). In this study, vitamin 

E content was in α-tocopherol form. Vitamin E content of pigmented rice ranged from 

500.10 to 2290.24 μg/100g  dry weight whereas rice bran ranged from 2210.79-

4991.36 μg/100g dry weight (2004.72-4529.65 μg/100g wet weight). In previous 

study showed that rice bran is a rich source of vitamin E containing up to 300-512 
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mg/kg, which higher than rice bran in our present study (28, 56) . However, vitamin E 

(α-tocopherol form) values in both rice bran and pigmented brown rice in this study 

were greater than those of “Cimarron”, “Zeta 15”, “FONAIP-1” bran and brown rice, 

varieties, which have been previously reported(57). Since the recommendation of daily 

intake of vitamin E in human is 15 mg/day (126). If we intake cooked purple rice 

about one serving or equally to 180 g.  The consumption of the new breeding purple 

rice might bring to 12% of the amount vitamin E requirement in Thai RDI. 

       Carotenoids are a family of pigmented compounds that are synthesized by plant 

and microorganism but not animals. Fruits and vegetables constitute the majors source 

of carotenoid in human diet. They are present as micro-components in fruits and 

vegetables and are responsible for their yellow, orange and red colors. Carotenoid are 

thought to be responsible for the beneficial properties of fruites and vegetables in 

preventing human diseases including cardiovascular diseases, cancer, and other 

chronic diseases (127, 128). The carotenoids can be efficient quenchers of singlet 

oxygen species and can directly scavenge free radicals (34). The antioxidant activity 

of carotenoids is largely due to the extended system of conjugate double bonds, a 

structure feature that allow carotenoids to quench or inactivate some excited 

molecules. In recent years the antioxidant properties of carotenoids has been the major 

focus of research. β-carotene content of pigmented brown rice and bran ranged from 

1.34 to 82.58 μg/100g wet basis and 14-17 - 128.54 μg/100g wet basis, respectively. 

Whereas, β-carotene content ranged from 12.69-61.24 μg/100g wet basis in white rice 

bran. In this study, new breeding rice varieties #  94-39 (82.58 μg/100g wet weight)  

which crossed breeding between Khaw Hom suphan X Khaw Jao-Hom-Nil had  β-

carotene content nearly 51% of β-carotene content that obtained from Golden rice (1.6 

μg/g) (65). Moreover, β-carotene content of pigmented rice varieties in this study 

(1.49 - 90.57 ug/100g dry basis)  were higher than  β-carotene content in the color rice 

varieties in previous study (0.13 μg/g or 13 ug/100g DM) (64). In contrast, when 

compare with the good source of β-carotene in vegetables such as carrot (18.3 

mg/100g wet weight) , pumpkin (6.9 mg/100g wet weight) , sweet potato (9.5 

mg/100g wet weight), and kale (6.2 mg/100g wet weight) and β-carotene content in  
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rice varieties #  94-39 (82.58 μg/100g wet weight) were lower than those vegetables 

by about 75 - 221 fold time(128). 

 

6.2 Correlation between antioxidant activity of pigmented rice and antioxidant 

contents 

       The results showed highly significant correlation between H-ORAC assay and 

FRAP assay with r = 0.879 at p ≤ 0.01 while the antioxidants content in present study 

also showed correlation among the FRAP and H-ORAC value with r = 0.653 to 0.964 

for FRAP and antioxidants content, 0.654 to 0. 885 for ORAC assay and antioxidants 

content, respectively at p ≤ 0.01. In addition, variety #53-4-6-3-1-0, # 24-11-7-6-1-0 

and # 49-6-6-10-1-0 and # 24-11-7-7-2-0 which crossed breeding from Khaw-

Kumdoichang X Khaw Homphama showed the greatest antioxidant activity both in H-

ORAC and FRAP assay. According to the suggestion of Ou, B, et al., 2002 who 

addressed that both ORAC and FRAP values have been claimed to reflect total 

antioxidant activity, if this claim is valid, regard of the different reaction mechanism, 

their values should be comparable, and one should expect that the antioxidant active 

rank based on either H-ORAC or FRAP should have a similar trend (88).  At this 

point, our data above showed that both FRAP and H-ORAC values in those samples 

were the greatest and had high correlation, It is noted that our results are in agreement 

with previous the suggestion from Ou, B, et al., 2002 and indicated that all of the 

purple brown rice in this study, particularly rice variety which crossed breeding from 

Khaw Kumdoichang X Khaw Homphama might be a good sources for health 

promotion to protect or prevent non-communicable diseases, if they were eaten the 

purple rice as a daily consumption. The results suggested that the two methods have 

similar predictive activity of antioxidant activities in pigmented rice. In addition, H-

ORAC assay showed higher antioxidant activity values by about 3-9 fold times than 

FRAP assay. It has previously been shown that H-ORAC values are around 4-fold 

higher than FRAP values in both bran and brown rice (57). This may due to H-ORAC 

assay has more sensitivity than FRAP assay, as described by Prior et al. (2005) and 

Huang et al.(2005) (83, 84). FRAP assay evolve from assay that rely on the hypothesis 

that the redox  reactions proceed so rapidly that all reactions are complete within 4 

min, but in fact this is not always true. FRAP results can vary tremendously depending 
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on the time scale of analysis. Fast- reacting phenols that bind the iron or break down to 

compounds with lower or different reactivity are best analyzed with short reaction 

times, for example 4 min. However, some polyphenols react more slowly and require 

longer reaction time for detection, for example, 30 min (83, 84, 88). Pulido et al. 

(2000) recently examined the FRAP assay of dietary polyphenols in water and 

methanol. The absorption (A593) slowly increased for polyphenol such as caffeic acid, 

tannic acid, ferulic acid, ascorbic acid, and quercetin, even after several hours of 

reaction time (129). Thus, a single-point absorption endpoint may not represent a 

complete reaction. On the other hand H-ORAC assay are sensitive and directly 

measures the antioxidant activity of chain-breaking antioxidants against peroxyl 

radicals which predominance in biological systems. In addition Ou, et al., 2002 

suggested that the H-ORAC values reflect the peroxyl radical scavenging activity, 

whereas the FRAP assay estimates only the Fe(III) reducing activity, which is not 

necessarily relevant to antioxidant activity physiological and mechanism in our 

body(88). 

       As the results of total phenolic compound in brown pigmented rice variety, 24- 

11-7-6-1-0 and 53-4-6-3-1-0 which cross breeding from Khaw Kamdoichang x Khaw 

Homsuphan had the highest total phenolic conpounds and the greatest in antioxidant 

activity both H-ORAC and FRAP assays, while BT mutant had the lowest antioxidant 

activity both FRAP and H-ORAC assays and also contained the lowest total phenolic 

compound. Moreover there were significant correlation between the total phenolic 

compounds and FRAP and H-ORAC assay (r= 0.960, 0.885, respectively). This can be 

explained on the basis of chemical characteristics of Folin-Ciocaltue reagent and 

FRAP assay, they are based on the following electron transfer reaction as the 

according the purpose from Huang,  et al., 2005 as showed in below (83) 

 

  Probe (oxidant) + e (from antioxidant)     reduced probe + oxidize antioxidant  

 

       The probe itself is an oxidant that can be reduced by antioxidant compounds, 

causing color change of probe. The degree of the color change is proportional to the 

antioxidants concentrations. Moreover the FCR actually measures a sample’s reducing 

capacity like FRAP assay. Numerous publications applications applied the total 
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phenols assay by FCR and FRAP assay often found excellence linear correlation 

between the “total phenolic profile” and “the antioxidant activity”(106,111, 130, 131). 

In the recent study showed that both FRAP and H-ORAC assay responded to 

variations in polyphenols and γ-oryzanol (57). The result of Teow et al (2006) showed 

H-ORAC assay were highly correlated with the total phenolic contents (R2 = 0.937), p 

<0.0001) and also correlate well with the DPPH value (R2 = 0.870, p<0.0001) which 

indicated that about 87-97% of the variation of the H-ORAC and DPPH value could 

be explained by the phenolic components (107). High correlation coefficients between 

the phenolic content and antioxidant activity by H-ORAC assay have been reported for 

various food commodities such as various berry crops (r = 0.884-0.994)(132), wine (r 

= 0.912)(133), medicinal herb (r= 0.919)(134). Prior et al.(2005) recommended that 

total phenolic determination by the Folin-Ciocalteu method be used to qualify an 

antioxidant’s reducing capacity and the ORAC assay for total antioxidant activity and 

should be standardized for comparison of results between laboratory (83, 84). 

Therefore, total polyphenol compounds can be used as an indicator for assessing the 

antioxidant activity as well as the ORAC assay for fruits and vegetables, including 

pigmented rice. 

       The results showed significant correlation between cyanidin and FRAP assay and 

H-ORAC assay (r= 0.964, 0.863, respectively) as well as significant correlation 

between peodinin and FRAP and H-ORAC (r=0.879, 0.768, respectively). Likewise 

the previous study, Tsai et al.(2002) reported that there was a linear relationship 

between FRAP assay and anthocyanin in Roselle extract which correlation coefficient 

was 0.8375 (135). Moreover, Luximon-Ramma et al. (2002) found that total 

proanthocyanidins values of Cassia fistula showed good correlation with FRAP (r = 

0.899) (131). Prior et al.(1998) reported that there was a linear relationship between H-

ORAC and anthocyanins of vaccinium species which correlation coefficient was 0.77 

(136). Our study showed that high anthocyanidin had high antioxidant activity. The 

anthocyanin-health properties are due to their peculiar chemical structure, as they are 

very reactive towards reactive oxygen species (ROS) because of their electron 

deficiency(72). Studies confirmed antioxidative properties of anthocyanins. They 

result from the chemical structure of these compounds, particularly from the present of 

hydroxyl groups in position 3 of ring C and also in 3’and 4’ positions in ring B. The 
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present of hydroxyl group at ring C enables chelation of metal ions, e.g.  Fe, Cu. 

Antioxidative activity is also increased by acylation of sugar residues with aromatic 

hydroxyl acids(137-139). 

       In this study, rice #53-4-6-3-1-0 had the highest vitamin E content whereas rice 

#94-36 showed the highest β-carotene in breed non glutinous pigmented brown rice. 

There were significant correlation between FRAP assay and Vitamin E content in 

pigmented brown rice (r = 0.653) as well as there were significant correlation between 

H-ORAC assay and vitamin E content (r= 0.672). Moreover there were significant 

correlation between β-carotene and antioxidant activity both FRAP and H-ORAC 

assay (r= 0.700, 0.654, respectively). This finding is similar to that reported by Teow 

et al. (2006) who  showed that there was a low correlation (R2= 0.48, p<0.001) 

between lipophilic ORAC values and β-carotene concentrations in sweet potato (107). 

Poor correlations have also been found between ORAC antioxidant activity in broccoli 

and the contents of lutein (r=0.57,P<0.05, R2=0.32) and zeaxanthin (r=0.81, ,p<0.05, 

R2=0.65) and no correlation was observe between α-tocopherol content (r=0.37, p = 

0.16) and antioxidant activity (ORAC assay) in this vegetable(140). Both vitamin E 

and β-carotene may not show strong correlation with antioxidant activity assay 

because both vitamin E and β-carotene are lipid soluble antioxidants whereas both 

FRAP and H-ORAC assays have be able to determine only hydrophilic antioxidants. 

Therefore, it may not accurately reflect the antioxidant activity of non polar 

components. Recently, the ORAC assay has been adapted to measure lipophilic as 

well as hydrophilic antioxidants using a solution of 50% acetone/ 50% water (v/v) 

containing 7% randomly methylated β-cyclodextrin (RMCD) to solubilize the 

antioxidants  and should be more appropriate assay for analysis of lipids-containing 

extracts (141). 

 

6.3  Effect of cooking of pigmented rice model on antioxidant activity, total 

polyphenol, anthocyanidins, vitamin E and β-carotene 

       Rice is common staple food consumed as cooked. However, no information is 

available in the literature regarding the antioxidant activity, total phenolic content, 

anthocyanidins, vitamin E and β-carotene of rice. Therefore, the present study was 
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undertaken to conduct the effect of cooking on antioxidant activity, total polyphenol, 

anthocyanidin, vitamin E and β-catotene content in selected pigmented rice model.  

       After cooking by conventional method with using rice cooker, antioxidant 

activity, total polyphenol, and anthocyanidins, content decreased when compared to 

both brown and polished uncooked rice (table 13-14) . This finding is in agreement 

with Turkmen et al. (2005), Sahlin et al. (2004) and Zhang and Humauzu(2004). 

Turkmen et al. (20050, reported that after cooking (boiling, steaming and 

microwaving), the total phenolic content of squash (40%, 24%,and 36%), peas (24%, 

12% and 17%) and leek (36%, 15%, and 18%) was significantly (p < 0.05) reduced 

and reductions were the same in all cooking methods (142). Sahlin et al. (2004) found 

that cooking by boiling, baking and frying in tomato resulted in a significant reduction 

(p<0.05) in the total phenolic (24%, 8-47%, and 43-60%), ascorbic acid (8.6-10%, 

12%, and 30-31%) (143). Moreover, Zhang and Hamauzu (2004) (144) reported that 

total antioxidant activity (DPPH assay) , total phenolic content of broccoli florets and 

stem declined during the conventional and microwave cooking by about 50%. 

Likewise, Bassos et al. (2007) reported that cooked Portuguese wild edible 

mushrooms proved to have lower antioxidant activity (DPPH assay) and phenolic 

content than either dried or frozen mushrooms (145). Phenolic compounds are 

unstable and easily become nonantioxidantive under heating; thus, heat used in the 

cooking procedure could destroy the structures of polyphenols and cause a decrease in 

their antioxidant activity (145). In the present study found that after cooking total 

polyphenol content loss in both brown and polished pigmented rice by about 25 % and 

81% respectively. The results indicated that conventional cooking caused loss of total 

polyphenol content in pigmented rice model. This could be due to total polyphenol 

breakdown (146) during cooking or the destruction of phenolic hydroxyl groups due to 

high heat temperature (145) and leaching of total polyphenol from cleaning rice 

especially in polished rice model before cooking (table 17-20). 

       Data on anthocyanidins in cooked pigmented rice are very limited. Literatures 

showed that the rate of degradation of anthocyanins increases as temperature rises (71, 

72). This present study found that after cooking anthocyandins loss by about 50% in 

both brown and polished pigmented rice. Total phenolic content, anthocyanidins and 

antioxidant activity also showed similar trends. These findings indicate that the 
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cooking effect could result in main losses of antioxidant content and activity in cook 

purple rice. As exception, vitamin E and β-carotene content lost in only small amount.  

       After cooking, vitamin E content in brown rice lost only small amount with 

approximately 5%. The result presented are in line with the data obtained by Bernhardt 

and Schich (2006) who found that cooking fresh red pepper does not lead to 

significant change in α-tocopherol content(147). 

       For β-carotene, the heat treatment was not effect on the destroying the content of  

β-carotene in purple brown rice. Similar to the result of Sahlin et al. (2004) who found 

that boiling and baking had a small effect on lycopene of the two cultivars tomatoes 

(143). Sungpuag et al. (1999) found that vegetables and chicken liver combined in Om 

kruang-nai-kai losses of β-catotene and retinol, only 6 and 8 %, respectively whereas 

for vegetables, blanching resulted in 7-11 % loss of β-carotene, while streaming, 

flying and boiling showed lossed of 15, 18 and 43%, respectively (148).  A number of 

studies on thermal stability of carotenoids in processed fruits and vegetables found 

lycopene and β-catotene were relatively heat-resistant.(149)  

       Comparison among antioxidant activity (H-ORAC and FRAP values), cyanidin 

and peonidin content of cooked pigmented brown rice model #1000-11-2-26 and fruit 

juice and green tea per serving. The data in present study demonstrated that H-ORAC 

and FRAP values, cyanidin and peonidin content of cooked rice model higher than 

values of fruit juice and green tea was observed. Wu et al. (2004) was divided food 

into four groups based upon the ranged of their hydrophilic ORAC per serving of food 

by using the quartile test. These groupings were ranked the values form lowest, 

medium, high to highest levels. For example H-ORAC value form 0-499 are claimed 

to lowest, medium from 500-999, high from 1000-1999 and the highest value from 

2000-14000 μmole TE, respectively (113). Comparison data of purple cooked brown 

rice model to published data of Wu et al., 2004, H-ORAC value in cooked rice model 

was 4507.21 ± 239.00 μmole TE/serving which in the highest H-ORAC group thereby 

cooked rice model in present study (1000-11-2-26) could be a considering as the best 

sources of total antioxidant activity. 
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6.4  Antioxidant activity, total polyphenol, anthocyanidins, vitamin E and β-

carotene content during 3 months storage in pigmented rice model 

       There were many studies showed that the storage condition and storage duration 

can affect the stability of antioxidants in foods. They were interested in the stability of 

antioxidant activity, total phenolic compounds, anthocyanins, vitamin E and β-

carotene during storage in their shelf life with suitable condition after post harvest. 

However, few information available regarding the effects of storage conditions, such 

as temperature, on the change of antioxidant activity, total phenolic compounds, 

anthocyanins, vitamin E and β-carotene in pigmented rice. The influence of storage 

time and temperature on the content of lipid content, physiochemical properties and 

nutritional quality were investigated (150-152). To the best of our knowledge this is 

the first study showing the change in antioxidant activity, total phenolic content, 

anthocyanidins, vitamin E and β-carotene in pigmented rice during storage for 3 

month. 

       For purple rice model # 1000-11-2-26 resulted significant decreasing of 

antioxidant activity by H-ORAC assay was found after 3 month of storage at room 

temperature in both brown and polish rice (16 % and 31 % respectively). The H-

ORAC values were also found significant decrease after 3 month when their keep in 

refrigerator in both brown and polish rice (15% and 28% respectively). With FRAP 

assay, the significant decrease 6% after 3 month of storage at room temperature was 

observed in polished rice whereas brown rice had no change. Likewise, after 3 month 

of storage in refrigerator, we found non significant change in the FRAP value in both 

brown and pigmented rice.  

       This finding showed that the stability of antioxidants pigmented rice had changed 

during storage at room temperature of their shelf life. The changes of antioxidants 

stability in foods during storage were vary with different results which were found in 

many studies (153-155)  . For example; the study of Klimezak et al (2006) found that a 

6-month of storage of orange juice at 18,28, and 38 oC FRAP values were decreased 

by 23%, 34% and 57%, respectively. The DPPH values deceased by 18%, 45% and 

84% respectively (154). Gliszezynska-Swingo and Tyrakowska (2003) reported that 

storage of apple juice for 11 month at room temperature resulted in the decreased in 

the TEAC value for about 6-14 % (155). Likewise, Wicklund et al. (2005) reported 
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that the FRAP-values of strawberry jam made from Senga Sengana, Korona and Polka 

cultivar were more stable during three months storage at 4 oC and 20 oC, while 

Honeoye and Inga cultivars showed a decrease during storage at 4 oC and 20 oC. They 

also conducted that temperature and light during storage did not influence FRAP 

values for some cultivars (153). In addition Garcia-alonso et al (2003) found total 

antioxidant activity of dessert made from grape, cherry and berries  assessed by ABTS 

assay and FRAP assay  was only slightly changed by storage conditions. The values 

remaining more or less constant when samples were stored at 8 oC and slightly 

decreasing in samples store at 21 oC and 30 oC  (156). Wang et.al (2004) reported that 

H-ORAC values of processed raw clover honeys decreased approximately 26% and 

32%, respectively, over 6 month of storage at 4 oC while processed buckwheat honey 

decreases of 24% in antioxidant capacity and raw buckwheat honey decreased 49% 

(157). They found that type of container and temperature did not have a dramatic 

impact on the antioxidant capacity (ORAC values) of honey(157). In contrast, 

Fernando Ayala-Zavala et al. (2004) found  a significant increases of H-ORAC values 

in strawberries stored at 5 oC and 10 oC for 14 days (158).  

       In this study, total polyphenol of brown and polished rice showed significant 

decreased after 3 month of storage both at room temperature and in refrigerator. 

However, brown rice decreased only 5% at room temperature and 2% in refrigerator. 

Whereas polished rice was higher decrease both at room temperature and in 

refrigerator. Polished rice found significantly decrease in total polyphenol by about 

21% at room temperature and 18% in refrigerator. Unfortunately, there is only one 

publication by Zhou et al (2004) who found that storage led to a decrease in total and 

bound phenolic acid content in both brown and milled rice and the decline was greater 

at 37 oC  than 4 oC storage for 6 month period which agreement with the data obtained 

in our study(159). In addition Klimczak et al.(2005) who reported a significant 

decrease in total polyphenols during 4 month of storage at 18, 28 and 38 oC in orange 

juices (154). After 4 months of storage at 18, 28 and 38 oC, the content of these 

compounds decreased by 7%, 11% and 20%, respectively. Moreover, Gliszczynska-

Swiglo and Tyrakowska(2003) found that an 11-mo storage of apple juice in closed 

cartons at room temperature resulted in an approximately 5% to 21% decline in 
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phenolic acid, 14% to 18% decline in flavonoids, and 8%-19% decline in total 

polyphenol  (155). 

       In our study, both cyanidin and peodinin content of purple brown rice model 

showed significantly decrease after 3 month of storage at room temperature .Cyanidin 

content had decreased about 14% in brown rice and 30% in polish rice. Peodinin 

content had decreased about 23% in brown rice and 24% in polished rice. However 

cyanidin and peodinin content were more stable during three months of storage in 

refrigerator. Our finding are agreement with Wicklund et al. (2004) who reported that  

during storage light influenced the cultivars only to a small extent while temperature 

was the most important factor for decrease in anthocyanins value and jam stored at 4 
oC had high content of anthocyanins and total antioxidant activity than samples stored 

at 20 oC  (153). Moreover Turker et al (2004) reported that the anthocyanin profile of 

shalgram change during storage with highest degradation rates observed in the 

samples stored at 40 oC while the highest anthocyanin retention was observed at 4 oC 

storage temperature (160). Therefore, the storage temperature was found to be the 

main responsible for anthocyanin loss in this study. 

       In this study, vitamin E content of brown rice showed significant increase by 

about 8% after 3 month of storage at room temperature.  In contrast, there was no 

change in vitamin E content after 3-month storage brown rice in refrigerator. Goffman 

and Mollers (2000)  found that no significant changed of total tocopherol content were 

detected in intact  seed of oilseed rape at 5, 20 and 40 oC  (closed flasks) after 24 

weeks storage. α-tocopherol remained highly content at all temperatures, whereas γ-

tocopherol contents increased by about 20% at the end of storage time. Moreover at 40 
oC (closed flasks), α-tocotrienol, and antioxidant component closely related to α-

tocopherol, is surprisingly, produced in seeds during storage (161). The increasing of 

vitamin E content in our study may be explain by the reported of Goffman and Mollers 

(2000). It can be explained that the high temperature resulted in a high consumptions 

of air oxygen and possible generated high amounts of carbon dioxide in the closed 

plastic bag, which could be responsible for the production of another compound. The 

explanation requires further investigations.  

       β-carotene content of brown rice showed significant decreased both at room 

temperature and in refrigerator about 15%  and 13% , respectively. The results 
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presented are in line with the data obtained by Chen et al. (1996) who reported the 

amount of β-catotene in carrot juice decreased from 54.7 to 50.9,49.0 and 46.4 μg/ml 

after storage in the dark for 3 months at 4 oC (7%), 25 oC (10%) and 35 oC (15%), 

respectively (162). The loss of β-carotene content in our study may due to expose to 

oxygen in plastic bag during storage. 
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CHAPTER 7 

CONCLUSION 
 

 

       Considering on of the purple brown rice in present study found that the purple rice 

which crossed breeding from Khaw kumdoichang X Khaw Hom Phama especially, 

rice variety #  53-4-6-3-1-0, # 24-11-7-6-1-0, # 49-6-6-10-1-0 and # 24-11-7-7-2-0 

showed the best source of antioxidant activity (FRAP and H-ORAC assay) and 

antioxidants content such as total anthocyanidins, vitamin E and total polyphenol 

content, whereas brown rice strain # 94-36  which crossed breeding from Hom suphan 

X Jao Hom  Nil showed the highest β-carotene content  with approximately 90.57 

µg/100 g raw  or  equally to  2.6% Thai RDI. The results showed there were high 

significant correlations between antioxidant activities with total polyphenol, cyanidin, 

peonidin content in pigmented rice. 

      After cooking  of purple brown model found that the heat treatment are strongly 

effect to reduce or destroy capacity of antioxidant, total polyphenol and 

anthocyanidins  with approximately 25% and 50 % for cooked purple brown rice and 

81% and 50% for polished rice, respectively.  With exception, vitamin E and β-

carotene had small change by conventional cooking method. Whereas the important 

cause of loss of antioxidant activities , total polyphenol and anthocyanidins content in 

pigmented polished rice model were mainly from washing and cooking affect. 

       Data of storage effect showed that after 3 month of storage at room temperature of 

brown and polished pigmented rice model showed significant decrease in antioxidant 

activity, total polyphenol, anthocyanins and β-carotene content. However vitamin E 

content in pigmented brown rice model showed significant increases by about 8 %.  In 

addition, after 3 month of storage in refrigerator of brown and polished rice model 

revealed that H-ORAC antioxidant activity and total polyphenol content was 

significant decreased while β-carotene in brown pigmented rice also showed 

significant reducing by about 13 %. Whereas cyanidin, peonidin and vitamin E 

showed no significant change during storage in refrigerator. In pigmented rice bran, 
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Jao Hom-Nil (BT) and Jao Hom- Nil BT # 3 showed not only the excellent sources of 

antioxidants activity but also antioxidants content. However, data analysis of rice bran 

showed white rice bran, IR 68144 and bran # 909-21-2-5 has the highest amount of 

antioxidant activity and antioxidants content such as total polyphenol, β-carotene and 

vitamin E.  But in pigmented rice bran were significant higher in activity of 

antioxidant, total polyphenol and anthocyanidins but not for vitamin E and β-carotene 

content than white rice bran.  However, according to the suggestion of Wu et al., 2004 

who addressed that total antioxidant capacity, as measured by ORAC or other in vitro 

method, may not reflect in vivo antioxidant effects because there have many other 

issues such as absorption/metabolism and physiological properties of different 

antioxidant action. However, the data from in vitro study by measurement the 

antioxidant activity with various methods even by using the ORAC and FRAP assay 

might be help for screening the candidate of various foods or various variety of plant 

crop before going to a human research 
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APPENDIX A 

Determination of moisture content 

Hot-air-oven method: AOAC 2000,952.45  
 

Principle: 

 The procedure used for determination of moisture content involves thermal 

drying method. The representative sample is placed under carefully specified 

conditions and the loss of weight is taken as measure of the moisture content of 

sample. The values obtained for moisture depend on the arbitrarily selected conditions. 

 Acid washes sand were mixed with the sample prior to drying in order to 

increase the surface area for rapid and complete evaporation of water from sample. 

The duration of determination depends on the two successive weightings not differing 

by over 1-3 mg when the residual solids amount is 2-5 g  

 

Procedure: 

1. Weigh approximately 20 g of acid washed sand into a porcelain dish containg a 

small glass stirring rod. Dry in hot air oven at 100 + 5 oC for30 min. 

2. Remove the sand dish and allow it to cool in descicator. (=A) and add 

approximately 5 g of sample. Reweighs (=B)  

3. Add sufficient distilled water to disperse the sample thoroughly after warming 

on a hot water bath 

4. Evaporate off the water as much as possible on a waterbath. The sample should 

be mix frequently until it is near the completion of evaporation. 

5. Transfer the sample to an oven, dry it at 100 + 5 oC  for 2 hrs. 

6. Remove the sample dish and cool it in desiccator and weight (=Cg) 

7. Return the dish to the oven and dry until a constant weight is obtained. 

Reweight every 30 minutes. The difference should not more than 1-3 mg when 

the residual solids is 2 to 5g. 

 

 

 



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 101

 

Calculation  

  Moisture  =  (B-C) x 100%  (w/w) 

                       (B-A) 

  

  Total solid  =  100 – moisture 
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APPENDIX B 
Ferric Reducing Antioxidant Power (FRAP) assay (Benzie and Strain, 1996) 

 

Principle: 

 The ferric reducing antioxidant power (FRAP) method is based on the 

reduction of a ferroin analog, the Fe3+ complex of tripyridyltriazine Fe(TPTZ)3+ , to the 

intensely blue colored Fe2+ complex Fe(TPTZ)2+ by antioxidant in acidic medium. 

Results are obtained as absorbance increases at 593 nm. 

 

Chemicals.  

1. 2, 4, 6-tri(2-pyridyl)-s-triazine (TPTZ) (Fluka # 93285) 

2. Sodium acetate ( Merck # 106267) 

3. Glacial acetic acid (Merck # 100063) 

4. Acetone ( J.T. Baker # 9006-03)  

5. HCl (Merck # 100317) 

6. Ferric chloride (Fe3Cl.6H2O) (Riedal-deHaen # 31232) 

7. Trolox ; 6-Hydroxy-2,5,7,8-tetramethychroman-2-carboxylic acid, 97% 

(Aldrich #  238813) 

 

Apparatus 

1. Vortex mixer ( Vortex genie 2) 

2. Shaker (INNOVA 4000 incubator shaker) 

3. Centrifuge (KOKUSA H103N  series centrifuge) 

4. Water bath (Precision water bath 184) 

5. Spectrophotometer (UV-1601 SHIMAZU) 

Reagent preparation 

1. 300 mM Acetate buffer, pH 3.6  

- 3.1 g of Sodium acetate.3H2O  

- 16 ml glacial acetic acid 

- Distilled water to 1 liter 
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- Check pH, store at 4°C 

2. 40 mM HCl 

- 0.33 ml  (0.33 g) of  37 % HCl (40  mM) 

- Distilled water to 100 ml 

- Store at room temperature 

3. 10 mM TPTZ (2, 4, 6-tri(2-pyridyl)-s-triazine) 

- 0.31 g TPTZ in 100 ml of 40 mM HCl, dissolve at 50°C in water bath 

- Store at 4oC (1 Week) 

4. 20 mM Ferric chloride 

- 0.5406 g FeCl3.6H2O 

- dissolve in 100 ml distilled water 

- Store at 4 oC ( 1 week) 

       5.  FRAP reagent: 

  - 20 ml acetate buffer  

  - 2 ml TPTZ solution 

  - 2 ml FeCl3 solution 

   - Keep in a brown bottle. The solution should be straw colored, if it is tinged 

with blue discard and prepare fresh solution after rinsing bottle thoroughly 

with deionized water. Mix; keep in water bath at 37°C. 

 6.  Standards Trolox 

              - Prepare as same as standard Trolox for ORAC but diluted with deionized 

water instead 75 mM phosphate buffer  

Sample preparation.  

1. Weigh 0.1-1 g. of rice into 125 ml Erlenmeyer flask with cap  

2. All samples should be extract with 20 mL of Acetone/H2O (50:50 v/v) 

3. Shaken on an orbital shaker at 400 rpm at room temp for 1 hr 

4. Then all samples should be centrifuge at 3,000 rpm for 30 min 

5. Supernatant was diluted with deionized water before analyze 
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Procedure: 

Blank      : FRAP reagent  3 ml + DI 1 ml 

Standard  : FRAP reagent  3 ml + Standard 1 ml 

Sample    : FRAP reagent  3 ml + sample 1 ml 

After 4 minute, the UV absorption was recorded at 593 nm using a 

spectrophotometer 
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APPENDIX C 
Oxygen radical absorbance capacity (ORAC) assay (Huang D, et al., 2002) 

 

Principle:  

 The ORAC assay measures the capacity of antioxidants to protect the 

fluorescent protein from damage by free radicals. In this assay, 2,2’-Azobis (2 

amidino-propane) dihydrochloride (AAPH) is used as the source for peroxyl radicals, 

which is generated as a result of the spontaneous decomposition of AAPH at 37 oC. 

Fluorescent (FL) is the chosen target protein, whose loss of fluorescence is an 

indication of the extent of damage from its reaction with the peroxy radical. The 

protective effect of the antioxidants is measured by assessing the longer fluorescence 

time/intensity area under curve (AUC) of the sample compared to the blank (AUC) in 

which no antioxidant compounds are present. Trolox is used as the calibration 

standard. The ORAC assay provides a unique assessment, as the reaction goes to 

completion both the inhibition time and inhibition degrees are measured. The AUC is 

calculated as  

 AUC = 0.5  +  f1/f0  +  fi/f0 + ………….+  f34/f0  +  f35/f0 

Where fo  =  initial fluorescene reading at 0 minute and  

 fi = fluorescene reading at time i 

 

Chemicals: 

1. KH2PO4 (Merck # 104873) 

2. K2HPO4 (Riedal-deHaen # 04248) 

3. AAPH (Wako # 017-11062) 

4. Fluorescein, sodium salt (Aldrich # 166308) 

5. Trolox (Aldrich #  238813) 

Apparatus: 

1.    Mixer ( Vortex genie 2) 

1. Shaker (INNOVA 4000 incubator shaker) 

2. Centrifuge (KOKUSA H103N  series centrifuge) 

3. Water bath (Precision water bath 184) 

4. Spectrofluormeter (Perkin Elmer precisely LS 55 luminescence Spectrometer) 
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Sample preparation 

1. Weigh 0.1-1 g. of rice into125 ml  Erlenmeyer flask with cap  

2. All samples should be extract with 20 mL of Acetone/H2O (50:50 v/v) 

3. Shaken on an orbital shaker at 400 rpm at room temp for 1 hr 

4. Then all samples should be centrifuge at 3,000 rpm for 30 min 

5. Supernatant was diluted with 75 mM Phosphate buffer solution before analyze 

 

Reagent preparation. 

1. ORAC Buffer stock solution  

- weigh 102.07 g of KH2PO4 in volumetric flask 1L 

- dilute with DI water to the volume, this will yield 1 L of 0.75M stock 

solution of  KH2PO4  store in refrigerator 

- weigh 130.64 g of K2HPO4 in polystyrene 1L 

- dilute with DI water to the volume, then stir for 1 hr and filter, this is 

1L of 0.75M stock solution of K2HPO4. 

- Take 603 ml of 0.75M K2HPO4   stock solution and add 351 ml of 

0.75M KH2PO4  stock solution, this will yield 954 ml of ORAC stock 

solution. 

2. ORAC Buffer Working solution 

-      take 100 ml of ORAC buffer stock solution into volumetric flask 1L 

-       Add DI water to the volume and mix well 

                  -     pH should be 7.2, use NaOH concentrated solution drop by drop to  

                        bring pH up if it is below 7.2 

3. AAPH 153 mM  

-     weigh 0.414 g of AAPH into volumetric flask 10 mL 

-     dilute with Phosphate buffer (ORAC working solution) to the volume  

-      store in an ice bath before use  

4. Fluorescein Concentrated solution.  

                  -     weigh 0.045 g of Fluorescein into 100 mL volumetric flask 

-     dilute with Phosphate buffer (ORAC working solution) to the volume  

       this will yield 100 ml of 8.37 x 10-4 mM Fluorescein Concentrated   

       solution.  
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5. Fluorescein Stock solution  

-     Taking 20 ml of ORAC buffer working solution and removing 100 µL.  

Next, take 100 µL of Fluorescein concentrated solution and add to the 

ORAC buffer working solution. This will yield 20 ml of 4.19 µM FL 

Stock solution. 

6. Fluorescein working solution (Store 1 Mo.) 

-   pipette 1.95 ml of  Fluorescein Stock solution into 100 ml volumetric 

flask 

-     dilute with Phosphate buffer (ORAC working solution) to the volume 

7. 1000 µM Trolox stock solution (Store 1 Mo.) 

-     weigh 0.025 g of Trolox into 100 ml volumetric flask 

-     dilute with Phosphate buffer (ORAC working solution) to the volume 

8. 100 µM Trolox working solution (for serial dilution) 

-     pipette 1 ml of 1000 µM Trolox stock solution into test tube 15 ml 

-     add 9 ml of Phosphate buffer (ORAC working solution) 

-     make  serial dilution to 50, 25, 12.5, 6.25 µM Trolox standard 

Procedure 

1. Blank: pipette 3 ml of  Fluorescein working solution and 0.5 ml of  Phosphate 

buffer (ORAC working solution) and mixed well  

2. Sample or stangard: pipette 3 ml of  Fluorescein working solution and 0.5 ml 

of extract sample or standard Trolox and mixed well 

3. Warm the mixed sample in water bath at 37 ºC (20min) then add 0.5 ml of 

AAPH and vortex, then the intensity of the fluorescence was measures at 1 min 

interval for 35 min or until 5% intensity, using spectrofluorometer with an 

excitation wavelength of 493 nm and an emission wavelength of 515 nm  
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APPENDIX D 

Determination of total polyphenal by the Folin-Ciocalteu method 

(Brune M, et al., 1991) 
 

Principle: 

The polyphenol contained in a dry food sample are extracted in a organic 

solvent. The extracted polyphenols are then quantified by spectrophotometer after 

reaction with the Folin-Ciocalteu reagent. 

 

Chemicals: 

1. Dimethylformamide ( Carloerba reagent # 444923) 

2. Sodium acetate (Merck # 106268) 

3. Glacial acetic acid  (Merck # 100063) 

4. Hydrochloric acid, 37%  (Merck # 100317) 

5. Folin-Ciocalteu reagent (Merck # 109001) 

6. Sodium hydroxide , NaOH  (Merck # 106498) 

7. Gallic acid monohydrate (Riedel-deHaen # 27645) 

 

Apparatus: 

     -     UV/VIS spectrophotometer (TECAN sunrise remote control microplate reader) 

- Shaking machine (Gyrotary water bath shaker model G76) 

 

Reagent preparation: 

- O.1 M acetate buffer pH 4.4:  

Solution A - 11.6 ml glacial acetic acid dilute to 1000 ml with 

deionized distilled water 

Solution B - 16.4 g sodium acetate anhydrous dilute to 1000 ml with 

deionized distilled water 

Acetate buffer solution: mix solution A 305 ml and solution B 195 ml 

and adjust to 1000 ml with deionized distill water; adjust pH to 4.4 with 

0.5 M NaOH 
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- Extraction reagent: mix equal volumes (500 ml + 500 ml) of 

dimethylformamide (DMF) and acetate buffer. 

- Folin-Ciocalteu’s reagent (FCR): dilute 10 ml of FCR stock solution to 100 

ml with water in a volumetric flask. 

- 0.2 M HCl: fill a 500 ml volumetric flask with ca. 400 ml water; add 8.3 ml 

HCl 32% and fill up to the mark with water. 

- 0.5 M NaOH: weigh 10 g of  NaOH in a 500 ml volumetric flask; add about 

400 ml water, and after dissolution and when the solution has cooled down, fill 

up to the mark with water. 

- Gallic acid solution 1 mg GA/ml: weigh precisely 110 mg of gallic acid 

monohydrate in a 100 ml volumetric flask, dissolve and fill up to the mark with 

water 

- Gallic acid, 100 μg GA/ml: dilute 10 ml of GA solution ( 1 mg/ml) to 100 ml 

with water 

- Gallic acid working standard solutions: pipette respectively 1.0 ml – 2.0 ml 

– 4.0 ml – 6.0 ml-8.0ml into tubes; add 2 ml of DMF/acetate mixture; fill up to 

10 ml with water (GA concentrations: 10 μg/ml – 20 μg/ml – 40 μg/ml – 

60μg/ml -80 μg/ml  

Safety: dimethylformamide is toxic, especially for pregnant women! 

 

Procedure: 

a) extraction 

- Weigh 50 to 2000 mg of dried sample (depending on expected polyphenol 

content) into a 100 flask. 

- Add 50 ml of DMF/acetate buffer mixture and close the flask tightly. 

- Extract for 16 hrs in the dark on a shaking machine 

- Filter the mixture over a folded filter  

- After filtration, pipette 1 ml of extract into a tube and add 4 ml of water  

- Prepare 2 micro plates, one for the FCR reaction, the other for the 

determination of the own color from the samples. 

- Fill both plates as follow: 
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 1 2 3 4 5 6 7 8 9 10 11 12 

A Blank GA 

1 

GA 

2 

GA 

3 

GA 

4  

GA 

5 

      

B Blank GA 

1 

GA 

2 

GA 

3 

GA 

4 

GA 

5 

      

C Sa. 1 Sa. 

2 

Sa. 

3 

Sa. 

4 

Sa. 

5 

Sa. 

6 

Sa. 

7 

Sa. 

8 

Sa. 

9 

Sa. 

10 

Sa. 

11 

Sa. 

12 

D Sa. 1 Sa. 

2 

Sa. 

3 

Sa. 

4 

Sa. 

5 

Sa. 

6 

Sa. 

7 

Sa. 

8 

Sa. 

9 

Sa. 

10 

Sa. 

11 

Sa. 

12 

E Sa. 

13 

Sa. 

14 

Sa. 

15 

Sa. 

16 

Sa. 

17 

Sa. 

18 

Sa. 

19 

Sa. 

20 

Sa. 

21 

Sa. 

22 

Sa. 

23 

Sa. 

24 

F Sa. 

13 

Sa. 

14 

Sa. 

15 

Sa. 

16 

Sa. 

17 

Sa. 

18 

Sa. 

19 

Sa. 

20 

Sa. 

21 

Sa. 

22 

Sa. 

23 

Sa. 

24 

G Sa. 

25 

Sa. 

26 

Sa. 

27 

Sa. 

28 

Sa. 

29 

Sa. 

30 

Sa. 

31 

Sa. 

32 

Sa. 

33 

Sa. 

34 

Sa. 

35 

Sa. 

36 

H Sa. 

25 

Sa. 

26 

Sa. 

27 

Sa. 

28 

Sa. 

29 

Sa. 

30 

Sa. 

31 

Sa. 

32 

Sa. 

33 

Sa. 

34 

Sa. 

35 

Sa. 

36 

Where:  

Blank:  25 μl diluted DMF/acetate 

GA:   25 μl of gallic acid standard 

SA:                 25 μl of sample 

o On the lines A and B, pipette 25 μl of the standard solution (2 wells per 

concentration), and blanks 

o Pipette 25 μl of the sample extracts in duplicates 

- The first plate will be the sample blank plate, without the reaction with FCR 

o Using the mutichannel pipette, add 125 μl of HCl 0.2 M to each well 

o Add 100 μl of NaOH 0.5 M to each well 

o Shake the plate briefly 

- The reaction with FCR will occur on the second plate: 

o Using the multichannel pipette, add 125 μl of FCR to each well, as 

quick as possible 
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o One minute after the addition of FCR, add 100 μl of  NaOH 0.5 M to 

each well 

- Read the FCR plate at 750 nm about 15 min after the addition of NaOH  

- Read the sample bkanlplate at the same wavelength. 

 

Calculations: 

- Subtract the absorbance of the color reference plate from the FCR plate.  

- For the calculation, select the sample dilute to which they will gives an 

absorbance value about the middle of the calibration curve. 

- Calibration curve used for calculated the value of total polyphenol content  
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APPENDIX E 

Analysis of anthocyanidins in rice by HPLC (Zhang Z, et al., 2004) 
 

Chemicals: 

1. Trifluoroacetic acid (TFA) ( Fluka # 91703) 

2. Methanol (J.T. Baker # 9093-68) 

3. Hydrochloric acid (HCl) 37%  ( Merck # 100317) 

4. Acetonitrile (J.T. Baker # 9011-03) 

 

Standard: 

1. Cyanidin chloride (Indofine # 020909S) 

2. Peonidin chloride ( Indofine # 020906S) 

 

Apparatus 

1. Sonicator ( BRANO 2510) 

2. Water bath (Memmert) 

3. Centrifuge (International equipment company model size-2K centrifuge) 

4. PTFE filter ( Chrom Tech # F13-2045) 

 

Standard and Calibration Curves: 

 The anthocyanidins were dissolved in a methanol solution containing 2 N HCl 

( 17 ml of 37 % HCl + 83 ml of methanol ) to form a standard of Cyanidin chloride 

(0.1mg/ml)  and Peonidin chloride (0.1mg/ml)  

 Cyanidin was diluted to  1/4  until 1/256 

 Peonidin was dilute to 1/10, 1/20, 1/40, 1/80, 1/160 

 Each Standard solution was injected separately under HPLC condition to 

generate calibration curves for reference compounds. All calibration curve were linear, 

with R2 ≥ 0.999 
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Procedure: 

1. sample 100-500 mg were dispersed in 1:1 water/ methanol solution containing 

2N HCl  (50 ml of methanol + 33 ml of water + 17 ml of 37 % HCl ) 10 mL  

2. Sample solution were sonicated for 20 min 

3. The extract sample was placed in water bath and hydrolyzed at 100 ±2 o C  for 

60 minute 

4. Hydrolyzed sample were immediately cooled to room temperature and 

centrifuged at 2,000 rpm, 30 min 

5. A portion of each sample solution was passed through a 0.45-μm PTFE filter 

before analysis  

 

 

HPLC condition: 

 Column: Water NovaPak C18 100 x 4.6 mm  

 Column temperature: 25 oC 

 Mobile phase: A = 0.4 % TFA in water, B = 0.4 % TFA in acetronitrile  

 Isocratic condition: 18% B +82 % A 

 Flow rate: 1 ml/min 

 Detection: Jasco UV-VIS 975 at  530 nm 

 Injection volume: 20 μL 
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APPENDIX F 

CHROMATOGRAM OF ANTHOCYANIDINS 
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APPENDIX G 

METHOD VALIDATION 

 

Table 25  Validation of Anthocyanidin method 

 Cyanidin Peonidin 

Linearity R2 = 0.9993 R2 = 0.9993 

 Y-intercept = 0 Y-intercept = 0 

Range 0.15 - 25 μg/ml 0.15 - 5 μg/ml 

Accuracy   

             % Recovery 90-110 90-110 

Precision   

             % RSD 7 6 

Level of detection   

Method Detection Limit (MDL) 0.05 μg/ml 0.05 μg/ml 

Limit of Quantitation (LOQ) 0.15 μg/ml 0.15 μg/ml 
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APPENDIX H 

Vitamin E and β-carotene Analysis (Speek AJ, et al., 1985) 
 

Reagent 

1. 2N alcoholic potassium hydroxide : weight 5.6 g potassium hydroxide and 

dissolve in 10 ml distilled water and dilute to 50 ml with 95% ethanol 

2. 10% ascorbic acid  (UNILAB # A79) 

3. hexane (J.T. Baker # 9309-03) 

4. 5% potassium hydroxide  (Merck # 105033) 

5. 10% sodium chloride  (UNIVAR # A465) 

6. methanol (J.T. Baker # 9093-68) 

7. Chloroform (LAB-SCAN  # A3505) 

8. standard vitamin E (Fluka # WA10569) 

9. standard β-carotene  (Sigma # C9750) 

 

Apparatus 

1. Water bath (Pleuger) 

2. Ratary evaporator (Buchi) 

3. Cooling bath (Haake F3) 

 

Procedure 

1. weight 5 g of sample into a 250 brown round bottom flask 

2. Add subsequently 10 ml of 10%ascorbic acid and 50 ml of alcoholic potassium 

hydroxide 

3. Reflux on boiling water bath for 30 min  

4.  Cool in an ice bath and extract the mixture with 70 ml ether-hexane by hand 

shaking for 2 min 

5. Transfer the ether-hexane layer into a brown separating funnel containing 50 

ml of 5%potassium hydroxide 

6. Swirl very gently and discard the lower potassium hydroxide layer 
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7. Wash the extract with 10 % sodium chloride and 2 or 3 time with distilled 

water. Discard washing solution  

8. Remove the remaining water from the washed extract. This is obtained by 

adding a few pieces of filter paper 

9. Transfer extract solution  to 250 ml brown round bottom flask 

10. Dry the extract by using a rotary evaporator under vacuum in 37 oC water bath 

11. Dissolve the dried matter residue with 1ml Chloroform and 1 ml methanol 

12. Measure Standard Vitamin E at 294 nm with spectrophotometer 

13. HPLC condition for Vitamin E: 

  Column  Waters Resolve C18 3.9x150 mm 

  Detector  Jasco UV -VIS 975 at 294 nm 

  Injector volume 20 μl 

  Mobile phase  CH3OH  

  Flow rate  0.6 ml/min 

14. HPLC condition for β-carotene   

           Column  Vydac 20I TP 54, 25x0.46 cm 

  Detector   Hewlett-Packard 1050  UV –VIS at 450 nm 

  Injector volume 20 μl 

  Mobile phase  CH3CN: THF: CH3OH: TEA; 80:14:6:0.1, 

     Contains 0.2 % ammonium acetate 

  Flow rate  1.0 ml/min 

Calculation: 

Vitamin E or β-carotene/100 g   =   K x area peak sample x dilution x 100 

                                                                                wt. sample  

                                             A    =   absorbance of standard                      

                                                         Extinction coefficient  

                                                          K   =               A                                            

                                                                     Area peak standard   

      Extinction coefficient of vitamin E  =   0.00758 

      Extinction coefficient of β-carotene =   0.2592 
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