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ABSTRACT 
 
The effects of both time and temperature storage stability on the contents of 
endogenous lipophilic extracts and their antioxidant activities in five cultivars of 
pigmented rice bran were investigated. Among the lipophilic components, the 
results showed that total -oryzanol was the predominant content, but tocols 
which included (±)--tocopherol, (+)-δ-tocopherol and (±)--tocotrienol were in 
smaller amounts found in five varieties of pigmented rice bran. During the storage 
period, the amounts of total tocols and -oryzanol also affected the stability. The 
results indicated that the contents of tocols of Sangyod, Hawn Ggra Dang Ngah and 
Ton Dam Bai Dam dominantly decreased from the first week of storage time by 
53.33, 64.38 and 55.81%, respectively, compared to the 4.28% decrease found in 
Lebnok. Total -oryzanol of both Sangyod and Ton Dam Bai Dam predominantly 
decreased from the first week of storage time by 33.14 and 31.26%, respectively, 
compared to 3.36% of the controlled Lebnok. According to antioxidant properties, 
FRAP values of all varieties decreased considerably throughout the period of 
storage time at the room temperature, whereas % inhibition of ABTS+ antioxidant 
capacity and lipid peroxidation slightly went down. Therefore, it could be 
concluded that the optimum storage time of all varieties was about one week. 
Based on quantity of lipophilic substances and their antioxidant properties, the 
stability was then maintained.   
 
Key words: Lipophilic substances, tocols, -Oryzanol, pigmented rice bran, storage 
stability, temperature, time.  

 
 
INTRODUCTION 
 
The Non-Communicable Diseases (NCDs), such as 
Cardiovascular Disease (CVD), obesity, type 2 diabetes and 
some cancers (Shao et al., 2011), and total all-cause 
mortality are the important factors in the incurrence of 
human death. These have primarily resulted from dietary 
food. Based on the consumption of rice (Oryza sativa L.) as a 
main staple food by most Asian people, which has been 
considered as a nutritious food in traditional medicine, 
some research reviews have revealed that bran is a key 
factor associated with a decrease in risks of the developing 
chronic diseases (Finocchiaro et al., 2007). Pigmented rice 
bran usually contains several types of bioactive compounds, 
including  -oryzanol,  tocopherol,  tocotrienol   (Goufo   and 

Trindade, 2014), carotenoids (Belefant-Miller and Grace, 
2010), -aminobutyric acid (GABA) (Kim et al., 2015), 
octacosanol (Chen et al., 2007), phytic acid (Canan et al., 
2011), unsaturated fatty acids (Orsavova et al., 2015), 
squalene, phytosterol (Sugihara et al., 2010) and a large 
number of polyphenol compounds, including flavonoids, 
anthocyanins, proanthocyanidins and phenolic compounds, 
such as ferulic acid and p-coumaric (Goufo and Trindade, 
2014).  

Conventionally, tocotrienol can exhibit the antioxidant 
property by scavenging the Reactive Oxygen Species (ROS) 
and regulating up antioxidant enzymes including 
Superoxide  Dismutase (SOD),  Glutathione  Reductase (GR),  
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Glutathione Peroxidase (GPx), glutathione S-transferase 
(GST), and catalase (CAT) (Kanaya et al., 2004; Siddiqui et 
al., 2010). Moreover, -oryzanol and phytosterol in rice 
bran extracts is attributed to the reduction of 
hypolipidemic activities (Ardiansyah et al., 2006; Wang et 
al., 2014). Numerous studies stated that several bioactive 
substances including 24-methylenecycloartanyl ferulate, 
cycloartenyl ferulate, campesteryl ferulate and β-sitosteryl 
ferulate could inhibit the peroxidation of lipid tissue and 
scavenge the free radicals in the living cell (Islam et al., 
2009). Brown rice bran provides high contents of - and -
tocotrienol which exhibits lower levels of serum cholesterol 
in animal studies (Godber and Juliano, 2004). 

Oxidative stress has been recognized and attributed to 
the development of the diabetes mellitus. Although crude 
lipophilic rice bran extracts may alleviate diabetes mellitus 
through their antioxidative ability, their molecular 
mechanisms have not been clarified. Adipose tissue usually 
releases adipocytokines, including TNF-α and IL-6 to induce 
inflammatory responses in various vascular walls and 
muscles tissues. Adiponectin secreted from adipose tissue 
has affected an increase in insulin sensitivity (Kadowaki et 
al., 2006). γ-oryzanol in rice bran increases adiponectin 
secretion in adipocytes in mice by activating peroxisomal 
proliferator activated receptor  (PPAR) through the 
inhibition of NF-ĸB activity (Ohara et al., 2009). In addition, 
it was found that ferulic acid may lower blood glucose 
levels of type 1 and type 2 diabetic mice by enhancing 
insulin secretion. Moreover, ferulic acid can regulate blood 
glucose levels by elevating glucokinase activity and 
increasing production of glycogen in the liver (Jung et al., 
2007).  

Due to the high nutritional quality of pigmented rice, it is 
particularly cultivated and consumed in some Asia 
countries, such as Sri Lanka, India, China, Japan and 
Thailand (Ahuja et al., 2007; Finocchiaro et al., 2007, 2010). 
The texture of pigmented rice is also rough for cooking and 
less palatable. Therefore, it is not popular for consumption. 
In addition to the need to store the paddy rice throughout 
the year for supplying to the food industries and 
consumers, both temperature and periods of storage which 
affect the quality of paddy rice are the main factors to be 
considered. Some research documentation reported that 
the free fatty acid increased when the polished rice grain 
was stored for 4 months at 30 and 40C with 65% humidity, 
respectively (Park et al., 2012). However, there are no 
studies on the effects of storage temperature in terms of 
antioxidant activities and concentrations of phytochemicals 
of pigmented rice bran from the areas of three southern 
border provinces of Thailand. Due to high antioxidant 
activity of rice bran, the bran layer is an important source 
of antioxidant substances in rice grain. The objective of this 
paper has then focused on antioxidant activities and the 
degradation of the bioactive compounds in pigmented rice 
during storage.  

The aim of this study  was  to  investigate  the  antioxidant  

 
 
 
activities and the loss of concentration of some 
antioxidative substances during storage at 4 and 14C, 
respectively and ambient temperature for pigmented rice 
cultivated in three southern border provinces of Thailand. 
The studied pigmented rice bran consisted of Sangyod, 
Niaw Daeng Grahm Raed, Hawm Gra Dang Ngah, Ton Dam 
Bai Dam and Dam Maw all of which were compared to the 
controlled white Lebnok. 
 
 
MATERIALS AND METHODS 
 
Chemical and materials 
 
Standards of (±)--tocopherols, 2,6-Di-tert-butyl-4-
methylphenol (BHT), gallic acid and ferulic acid were 
purchased from Fluka Analytical (Steinheim, Germany), 
while (+)--tocopherol was obtained from Sigma-Aldrich 
Chemical Co. (St. Louis, Mo, USA). Total -oryzanols (Food 
grade, 98% purity) comprising -oryzanol, cycloartenyl 
ferulate, 24-methylenecycloartanyl ferulate and 
campesteryl ferulate and (±)--tocotrienols were obtained 
from Xian App-Chem Bio(Tech) Co., Ltd (Xi’an, China). ABTS 
(2, 2-Azino-bis(3-ethyl benzothiazoline-6-sulfonic acid 
diammonium salt) was purchased from Sigma (Munich, 
Germany), while 2, 4, 6-Tris(2-pyridyl)-s-triazine (TPTZ) 
was from Fluka (Buchs, Switzerland). All solvents used 
were of analytical grade. 
 
 
Preparation of pigmented rice bran 
 
Pigmented paddy rice (O. sativa L.) was harvested from 
Pattani Rice Research Center, Pattani province, which 
included Sangyod, Hawm Gra Dang Ngah, Niaw Daeng 
Grahm Raed, Dam Maw and Ton Dam Bai Dam and a non-
pigmented paddy rice, namely Lebnok. To obtain the 
pigmented brown rice, the rice was dehulled and milled. 
The outer layer of the brown rice was removed by polishing 
with the degree of polishing of 85%. The bran was passed 
through the sieve number 10 to remove the adulterated 
material.  
 
 
Stabilization of rice bran 
 
The obtained rice bran was immediately stabilized by 
heating in a microwave oven (2, 450 MHz and output power 
550 W), modified by the method of Ramezanzadeh et al. 
(2000). Fresh rice bran from polishing process (100 g at a 
time) was heated with domestic microwave oven at 110°C 
for 3 min. The rice bran was cooled at room temperature 
and reheated with the microwave again. The heating-
cooling process was repeated to ensure complete 
inactivation of endogeneous lipase. After stabilization of 
rice   bran,  the  moisture  content  was  12%.  Subsequently,  
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rice bran was enclosed in vacuum-sealed polyethylene bags 
and stored in freezer at -20°C to prevent the auto-oxidation 
reaction before further analysis.  
 
 

Extraction of tocols (Tocopherol and Tocotrienol) and 
total -oryzanol from rice bran 
 

0.6 g of finely stabilized rice bran were defatted using 
hexane extraction procedure demonstrated in Hu et al. 
(1996). The defatted rice bran was extracted with 30 ml of 
methanol by shaking for 3 h at room temperature according 
to Chen and Bergman modification method (2005). The rice 
bran samples were then filtered through Whatman filter 
paper No. 1 and the filtrated solution collected. The solvent 
was left to evaporate under reduced pressure and the 
brownish crude liquid obtained.  
 
 

HPLC analysis of tocols and -oryzanol 
 

The quantification of tocols was carried out by the reverse 
phase HPLC technique. The chromatographic condition of 
tocol homologs was the following:  ACE 5 C18 (250 × 4.6 
mm, 100 Å, 5 µm) was set at 35C. Mobile phase used was 
gradient system of methanol-acetonitrile-isopropanol-
water (45:45:5:5 by volume) and eluted at the flow rate of 1 
ml/min. The programmed gradient started at the initial 
stage for 10 min and acetonitrile linearly increased to 50% 
(45:50:5:0 by volume) within 15 min before returning to 
the initial stage. Total duration time was 20 min. The 
injection of sample was 10 µl. Fluorescecene detection was 
at excitation wavelength of 290 nm and emission 
wavelength of 330 nm. The concentration of (-, δ-) 
tocopherol standards was prepared in the range of 1-50 
µg/ml. The quantification of the samples was referred to 
the standard calibration curve. All measurements produced 
the data in three replicates. 

The mobile phase of total -oryzanol consisted of 
methanol-acetonitrile-isopropanol-and 1% acetic acid 
(40:45:5:10 by volume). The gradient system began at the 
initial stage for 3 min and changed to 45:45:15:0 for 10 min. 
It was maintained at this stage for 15 min and then 
returned to the initial stage for 20 min. The injection of 
sample was 10 µl. The absorbance of UV detector was set at 
330 nm. The concentration of total -oryzanol was prepared 
in the range of 1 to 50 µg/ml. All measurements produced 
the data in three replicates. 
 
 
Effects of the storage temperature and time  
 
The aim of this study was to determine whether the 
temperature was capable of maintaining the stability of 
pigmented rice bran. This was based on the bioactive 
quantity and decreased in antioxidant activity. Two grams 
of   rice   bran    samples    were    stored    at    the    different  

 
 
 
temperatures (for example, 4±2C, 14±2C and at room 
temperature) for 1, 3, 6 and 9 weeks. The effects of storage 
temperature and time were assessed by observing the 
bioactive contents and a decrease in antioxidant activities. 
The samples were then extracted with the suitable solvent. 
The filtrate was filtered through Whatman filter paper No. 1 
and the solvent left to evaporate under pressure. The 
obtained light brownish liquid was determined by the 
antioxidant assay. The concentration of phytochemicals 
was measured at each different storage time. 
 
 
Antioxidant assays 
 
Lipid peroxidation assay (Ferric-Thiocyanate (FTC) 
Method)  
 
The assay method described by Kikuzaki and Nakatani 
(1993) was applied to determine the ability of peroxidation. 
One hundred microliter of linoleic acid was dissolved in 4 
ml of absolute ethanol. 8 ml of 0.05 M phosphate buffer (pH 
7.0) and 3.9 ml of distilled water were mixed for 
preparation of the aqueous buffer solution. 50 µl of sample 
(standard or control) in buffer solution was added to 1.4 ml 
of the linoleic acid solution. This mixture was kept in the 
dark at 40°C. The accelerated oxidation of linoleic acid was 
measured after 72 h. The degree of oxidation was 
determined by the following procedures: 30 µl of the mixed 
solution was added into 2.91 ml of 75% ethanol, 30 µl of 
30% ammonium thiocyanate and 30 µl of 0.02 M ferrous 
chloride in 3.5% hydrochloric acid. The absorbance of red 
color was measured at 500 nm. Both standard and 
controlled substances were subjected to the same 
procedures and the controlled substance was expected as 
the solvent. The antioxidant activity was described by % 
inhibition calculated using Equation 1 (Zin et al., 2006) 
given as: 
 

% Inhibition of lipid peroxidation = 










control 500,

sample 500,control500,

A

A  A -
 × 100                   (1) 

 
 
Ferric reducing antioxidant power (FRAP) assay 
 

The method described by Benzie and Strain (1996) was 
based on the reduction of ferric 2, 4, 6-tripyridyl-s-triazine 
complex (Fe3+-TPTZ) to a ferrous form (Fe2+-TPTZ). The 
working FRAP reagent was prepared by mixing 25 ml of 
300 mM of sodium acetate buffer (pH 3.6) (5.1 g of sodium 
acetate trihydrate (C2H3NaO2.3H2O) with 20 ml of glacial 
acetic acid and adjusted to 1 L with H2O), 10 mM of 2, 4, 6-
tripyridyl-s-triazine (TPTZ) solution (10 mM TPTZ in 40 
mM HCl) and 20 mM of FeCl3.6H2O in a ratio of 10:1:1. The 
solution was heated at 37°C before application. Pre-purified 
extract (150 ml) was allowed to react  with  2850 ml  of  the  
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working FRAP solution for 30 min in the dark. The product 
of the ferrous tripyridyltriazine complex was measured 
with absorbance at 593 nm. FeSO4.7H2O was used as the 
standard substance with the concentration in the range of 
50 to 750 µM. The calibration curve was plotted to show 
the relationship of the FRAP value versus the concentration 
of the standard substance. The FRAP values of the samples 
were determined by using the standard curve. The result 
was expressed as µM Fe(II)/100 g rice bran extract 
(Thaipong et al., 2006). 
 
 

ABTS+ radical cation scavenging assay 
 

The assay procedure was applied using the method as 
described by Arnao et al. (2001) with some modifications. 
The working solution was prepared by mixing 7.4 mM of 
ABTS+ solution and 2.6 mM of potassium persulfate 
solution in the ratio of 1:1 (v/v). It was allowed to incubate 
for 16 h at ambient temperature in the dark. The ABTS+ 
solution was then diluted by mixing with 1 ml of ABTS+ 
solution with 60 ml methanol. The absorbance was 
measured at 734 nm with less than 1.170 units by using 
the spectrophotometer. Whenever a new experiment was 
conducted, the fresh ABTS+ solution must be used.  

The pre-purified extract (150 ml) was allowed to mix 
with 2850 ml of the ABTS+ solution for 2 h in the dark. The 
absorbance was measured at 734 nm with the 
spectrophotometer. A standard linear curve of ferulic acid 
between the concentrations of 25 to 1000 mM was 
measured. The results were expressed as mM ferulic acid 
equivalents/100 g rice bran extract (Thaipong et al., 2006). 
 
 

Statistical analysis 
 

All of experiments were evaluated in triplicate. The data 
were expressed as the mean ± SD. The different significance 
was established at p < 0.05. 
 
 
RESULTS AND DISCUSSION 
 
The analysis of chemical compositions in pigmented 
rice bran   
 

Table 1 shows the chemical compositions in pigmented rice 
bran analyzed. Among the studied pigmented rice bran (for 
example, Sangyod, Niaw Daeng Grahm Raed, Hawm Gra 
Dang Ngah, Dam Maw and Ton Dam Bai Dam), the results 
indicated that the contents of protein in Ton Dam Bai Dam 
(14.41±0.27%) and Dam Maw (13.98±0.72%) were the 
highest. The ranges of proteins in pigmented rice bran were 
in the following order: Ton Dam Bai Dam (14.41%±0.27) > 
Dam Maw (13.98%±0.72) > Sangyod (11.61%±0.26) > 
Hawm Gra Dang Ngah (10.76%±1.09) > Niaw Daeng Grahm 
Raed  (10.18%±0.26).  Therefore,   their   high  protein  level  

 
 
 
might be used as the sources of protein without gluten. 
Accordingly, Thai rice is recommended to be used as the 
gluten-free product. Moreover, total fat level of all varieties 
of the studied pigmented rice bran contained the greater 
content than protein which were arranged in the following 
order: Dam Maw (27.42±0.39%) > Sangyod (25.33±1.20%) 
> Ton Dam Bai Dam (23.69±0.28%) > Niaw Daeng Grahm 
Raed (23.30±0.02%) > Hawm Gra Dang Ngah 
(22.65±0.02%), respectively. From the outstanding point of 
view, the carbohydrate contents of all varieties ranged from 
48.44±1.87% to 57.58±0.47% which was considered to be a 
good source of carbohydrate (Table 1). 

A number of literatures reported that pigmented rice 
bran oil contains higher amount of tocotrienol, tocopherol 
and -oryzanol than those in non-pigmented rice bran oil 
(Hoed et al., 2006; Yoshie et al., 2009). These antioxidants 
play an important role against oxidative stress. Tocotrienol 
enables the suppression of the lipid peroxidation by 
increasing the level of superoxide dismutase (SOD) and 
catalase (CAT), and decreasing the nitric oxide level (Kuhad 
and Chopra, 2009; Siddiqui et al., 2010). Furthermore, 
isolated tocotrienol-rich fraction has the ability to improve 
the level of malondialdehyde (MDA), SOD and CAT in the 
kidney of diabetic rats (Budin et al., 2009).  
 
 
The contents of lipophilic substances at initial storage 
stage 
 
The contents of lipophilic substances in pigmented rice 
bran possess various health benefits for humans. However, 
this concentration may decrease and degrade through 
many factors of storage condition, such as temperature of 
storage, duration time and light, etc. The degradation of 
these substances may exert the drawback of expression in 
protection against the cardiovascular risk associated with 
obesity. Due to the degradation of these, it may be the cause 
of other oxidative stress condition. 

At the initial stage of storage, the studied lipophilic 
substances included (±)--tocopherol, (+)-δ-tocopherol, 
(±)--tocotrienol and total -oryzanol. The results indicated 
that total -oryzanol in Sangyod (675.89±3.75 g/ml) was 
the highest when compared to the controlled non-
pigmented rice (Lebnok). Among the pigmented rice bran, 
the order of total -oryzanol ranged as follows: Sangyod 
(675.89±3.75 g/ml) > Ton Dam Bai Dam (579.70±2.17 
g/ml) > Dam Maw (447.11±1.38 g/ml) > Niaw Daeng 
Grahm Raed (361.60±16.91 g/ml) > Hawn Gra Dang Ngah 
(355.09±4.17 g/ml). According to the research by Xu et al. 
(2001), the antioxidant capacity of -oryzanols, 24-
methylenecycloartanyl ferulate, being a major component, 
contained the anti-cholesterol oxidation, which could 
prevent linoleic acid autooxidation (Tiwari and Cummins, 
2009; Xu and Godber, 2001; Xu et al., 2001). 

Therefore, based on these findings, total tocols can 
exhibit  their    antioxidant    actions   to    inhibit    the    lipid  
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Table 1: Proximate compositions of pigmented rice varieties (g/100 g dry weight basis). 
 

Varieties of color rice bran 
Composition of pigmented rice bran 

Moisture (%) Ash (%) Total fat (%) Total protein (%) Total carbohydrate (%) 

 Lebnok (Control) 3.34 (0.21) 7.42 (0.27) 29.41(0.35) 13.03 (0.56) 46.80 (1.97) 

 

Red rice bran      

Sangyod 4.99 (0.80) 7.42 (0.26) 25.33(1.20) 11.61 (0.26) 50.65 (3.56) 

Niaw Daeng Grahm Raed 3.21(0.09) 5.60 (0.09) 23.30(0.02) 10.18 (0.26) 57.58 (0.47) 

Hawm Gra Dang Ngah 4.14 (0.12) 6.25 (0.03) 22.65(0.02) 10.76 (1.09) 56.20 (1.78) 

Ton Dam Bai Dam 3.07 (0.05) 5.75 (0.05) 23.69(0.28) 14.41 (0.27) 53.08 (0.92) 

 

Black rice bran      

Dam Maw (PTNC96051⁃37) 3.12 (0.14) 7.04 (0.07) 27.42(0.39) 13.98 (0.72) 48.44 (1.87) 

Ton Dam Bai Dam 3.07 (0.05) 5.75 (0.05) 23.69(0.28) 14.41 (0.27) 53.08 (0.92) 
 

* All measurements were in triplicate (n = 3) and data in the parentheses was represented to standard deviation. 
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Figure 1: The concentration of lipophilic substances from pigmented rice brans including Sangyod, 
Hawn Gra Dang Ngah, Ton Dam Bai Dam, Dam Maw and Niaw Daeng Grahm Raed compared with 
Lebnok as controlled non-pigmented rice bran. All measurements were in triplicate (n = 3). 

 
 
 

peroxidation in biological membranes, to moderate 
degenerative diseases like cancer and cardiovascular 
disease and to lower the blood cholesterol. However, this 
study focused on the investigation of -, δ- tocopherol and 
-tocotrienol. The results showed that the content of (±)--
tocotrienol in Hawn Gra Dang Ngah was greater than that of 
the controlled Lebnok, whereas total tocols in Hawn Gra 
Dang Ngah was higher than other varieties of pigmented 
rice bran (Figure 1). 

Hence, the orders of tocols for all varieties ranged as 
follows: Hawn Gra Dang Ngah (53.94±0.76 g/mL) > 
Lebnok (46.98±9.60 g/ml) > Sangyod (41.90±0.57g/ml) 
> Niaw Daeng Grahm Raed (39.40±1.66 g/ml) > Dam Maw 
(31.57±1.51 g/ml) > Ton Dam Bai Dam (18.74±0.84 
g/ml), respectively. Total -oryzanol was found in the 
highest amount. Tocols was the second order with (±)--
tocotrienol. Generally, tocols, the lipophilic antioxidant 
which   is   sensitive     to    heat    and    oxidation     reaction,  
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Figure 2: The degradation of total tocols (A) -oryzanol and (B) from all varieties of pigmented rice bran during the 1 × 
9 weeks of storage time at room temperature. All measurements were in triplicate. 

 
 
 
particularly -tocopherol and -tocotrienol can cause heat 
degradation by increasing the oxidation rate.  
 
 
The effects of temperature and storage time on 
lipophilic substances  
 
Although the pigmented rice bran in all storage treatments 
was stabilized by microwave heating, the result of these 
treatments might be ineffective to the completed 
inactivation of lypolitic enzymes. The performance of such 
enzymes and storage stability showed the effects on the 
decomposition of lipophilic substances, in addition to 
continuous formation of free fatty acid (Kim et al., 2014). 

The treatment condition and storage stability affected the 
contents of lipophilic substances in different bran as 
compared to the controlled Lebnok. During various storage 
periods (1, 3, 6 and 9 weeks), the different temperature 
was set up at 4±2 and 14±2C, respectively and room 
temperature. From the experiment, it was found that the 
concentration of tocols in all varieties decreased from the 
initial week at room temperature. The concentration of 
tocols in Sangyod, Hawn Ggra Dang Ngah and Ton Dam Bai 
Dam dominantly decreased from the first week to the third 
week of storage time by 53.33% (from 48.43 to 22.60 
g/ml), 64.38% (from 46.74 to 16.65 g/ml) and 55.81% 
(from 15.66 to 6.92 g/ml), respectively, compared to the 
decrease by 4.28% (from 33.17 to 28.89%) of the 
controlled Lebnok (Figure 2A). It means that the storage 
stability at room temperature of tocols should be limited 
for one week storage time. 

Total -oryzanol concentration at room temperature of 
both Sangyod and Ton Dam Bai Dam decreased from the 
first week to the third week by 33.14% (from 989.07 to 
661.24 g/ml) and 31.26% (from 974.13 to 669.59 g/ml), 
respectively,   compared   to  the  decrease  by  3.36%  (from 

598.29 to 578.17 g/ml) of the controlled Lebnok (Figure 
2B). Based on the aforementioned data of total tocols and -
oryzanol, this has shown that the proper storage time of all 
varieties was optimum for about one week. The longer 
storage time could cause the lipophilic substances to 
degrade and their concentration to decrease. During one to 
nine weeks of the storage time at 4C, the decrease in 
concentration of tocols and total -oryzanol from the first 
week to the third week did not differ among varieties of 
pigmented rice bran. It was postulated that the 
temperature at 4C slightly affected the stability of 
pigmented rice bran (Data not shown). Therefore, the 
storage under the refrigeration at 4C may retard the lipase 
enzyme leading to the degradation of total tocols and -
oryzanol (Kim et al., 2014). 
 
 
Antioxidant properties of selected varieties 
 
All varieties of lipophilic components in pigmented rice 
bran at the initial storage time contained higher levels of 
FRAP values than 0.116 mM -tocopherol (29.95 mM 
Fe(II)/100 g bran) and 0.126 mM Butylated hydroxyl 
toluene (BHT, 22.31 mM Fe(II)/100 g bran). Throughout 
the period of storage condition at room temperature, the 
decrease in FRAP values of pigmented rice bran was 
obviously different (Figure 3A). Among all varieties of 
pigmented rice bran, the optimum duration of storage 
should be one week. Also, the storage conditions influenced 
the inhibition of FRAP values of total tocols and -oryzanol 
in pigmented rice bran. In addition, the molecular 
mechanism of lipophilic substances in rice bran could be 
considerably relevant to the inhibition of the tissue damage 
caused by ROS through the metal chelation between metal 
ions (II) and the bioactive compounds to replace the free 
radical species.   
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Figure 3: FRAP (A) ABTS+ antioxidant capacity assays and (B) lipophilic substances in the selected pigmented rice bran 
during the 9thweek storage period at room temperature. All measurements were in triplicate. 

 
 
 

 
 
Figure 4: % Inhibition of lipid peroxidation of lipophilic substances of the selected 
pigmented rice bran during the 9th week storage period at room temperature. All 
measurements were in triplicate. 

 
 
 

The similar observation showed that the inhibition of 
ABTS+ antioxidant capacity and lipid peroxidation among 
six varieties and was slightly reduced throughout nine 
weeks in different storage conditions. Indeed, the inhibition 
of antioxidant capacity among six varieties during three 
different storage temperatures was less than that of both -
tocopherol (0.116 mM) and Butylated hydroxyl toluene 
(BHT, 0.126 mM) (Figure 3B). The inhibition of ABTS+ 
antioxidant capacity and lipid peroxidation decreased 
during different weeks of the storage conditions (Figures 

3B and 4). Therefore, the lipophilic substances directly 
affected the assessment of antioxidant activities in vitro. 
These indicated that such lipophilic substances, especially 
-oryzanol and total tocols, may be attributed to the 
prevention of damage caused by ROS at the phospholipid 
bilayer of tissue membranes (Qureshi et al., 1997).  

According to the suggestions of Iqbal (2005), the rice 
bran may reduce the risk of the cardiovascular diseases, 
lower cholesterol level and inhibit other lipid peroxidation 
processes better than a powerful  antioxidative  tocopherol. 
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Conclusions 
 
The bioactive lipophilic substances in pigmented rice bran 
(Sangyod, Niaw Daeng Grahm Raed, Hawm Gra Dang Ngah, 
Dam Maw and Ton Dam Bai Dam) contain tocols (±)-
tocopherol, (+)δ-tocopherol and (±)-tocotrienol) and 
predominate quantity of total -oryzanol. These bioactive 
components possessed the antioxidant activity in vitro, such 
as DPPH scavenging radical, ABTS+ and lipid peroxidation 
assays. In this study, storage stability and storage 
temperature were investigated. The optimum duration of 
storage condition for every treatment should not exceed 
one week. Otherwise, with the longer period of storage time 
and higher temperature, the quantity of bioactive 
substances will deteriorate, affecting the inhibition of 
antioxidant activity. 
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