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INTRODUCTION 

 

Rice is the most important cereal crop and the stable food source being consumed 
by over half of the world’s population (Gomez, 2001).In the traditional growing 

areas of Asia, various colors of rice are red, purple, black, brown, yellow, and the 

green. They have known the color of rice has been preferred in the past for their 
special features such as medicinal value and exclusive taste (Ahuja et al., 2007). 

Several varieties of rice contain pigment particularly in brown, red and black rice 

have been widely cultivated in Thailand and generally used as an ingredient in 
snack, dessert, wine, food supplement, pharmaceuticals and cosmetic (Phengrat 

and Jearakongman, 2009; Tananuwong and Terawuth, 2010). Oryza sativa 

L. glutinosa (Purple sticky rice) composes of 80% endosperm which consists of 
storage carbohydrate and its bran is rich in the source of Vitamin B and E, 

mineral, oil, and phytochemicals (Zhang et al., 2004). Purple sticky rice (Oryza 

saitva L. var. glutinosa) is an indigenous Thai glutinous rice strain characterized 

by purple pigments in the husk and the pericarp. The color is determined by a 

number of distinct anthocyanins (Abdel-Aal et al., 2006). 

Anthocyanin which belongs to flavonoid is responsible for the attractive colors of 
flowers, fruits, and grains in nature (Kong et al., 2003). It has been widely 

reported that anthocyanin plays an important role in reducing a risk of oxidative 

damage and is a kind of the potential drug candidates to treat cancer and 
cardiovascular diseases (Chen et al., 2012). Anthocyanins undergo structural 

alterations, depending on the pH and ionic strength of the aqueous environment 

and adjustment to low pH is found to enhance the efficiency of the anthocyanin 
extraction.  

Extraction yield of anthocyanins is depending on the value of pH and in an 

acidified solvent with strong acid media have a high yield of extraction because 
acid can change the native form of anthocyanins, the glucoside bond of monoside 

anthocyanins could be destroyed (Kapasakalidis et al., 2006). Its antioxidant 

activity decreases as pH increases from pH 2 to 7 (Sukhapat et al., 2004). 
In Microwave accelerate extraction, the process acceleration and high extraction 

yield may be the result of a synergistic combination of two transport phenomena: 
heat and mass gradients (Chemat et al., 2009). Microwave power and 

temperature are interrelated because high microwave power can bring up the 

temperature of the system and result in the increase in the extraction yield until it 
becomes insignificant or declines (Chemat et al. 2009; Hu et al., 2008; Xiao et 

al., 2008). In addition, when microwave extraction is performed in closed 

vessels, the temperature may reach far above the boiling point of the solvent, 
leading to better extraction efficient by the desorption of solutes from actives 

sites in the matrix (Eskilsson and Björklund, 2000). However, Routray and 

Orsat (2012) reported that the efficiency increases with the increase in 

temperature until an optimum temperature is reached and then starts decreasing 
to the further increase in temperature: this happens because the selection of ideal 

extraction temperature is directly linked with the stability. Ultrasound-assisted 

extraction could be used as a tool to overcome the drawbacks of conventional 
solvent extraction methods and to improve some benefits of the solvent 

extraction process. The application of ultrasound generates cavitation, which is 

the generation of bubbles in the system (Lieu and Le, 2010). 
In this study was designed to find the effect of different extraction condition of 

ultrasonic extraction and microwave extraction in various pH on antioxidant 

activity, anthocyanins, phenolic compound and flavonoid of purple sticky rice 
(Oryza sativa L. Glutinosa).  

 

MATERIAL AND METHODS 

 

Sampling collection 

 

The sample of purple sticky rice has been purchased from the local market from 

Phitsanulok province, Thailand. The rice was ground and and sieved 0.3 mm. All 

the samples were stored at -18 ± 2 0C in aluminium bag until analyzed.  
 

Rice extraction 

 

The purple sticky rice (Oryza sativa L. glutinosa) powder was extracted by 

ethanol extraction method. One gram of rice powder was extracted by combining 
with 8 mL of ethanol absolutes in ratio 1:8 w/v (Abdel- Aal et al., 2006) and 

divided into two part as: 

 

Ultrasonic extraction 

 

The purple sticky rice was placed into sonication bath for extraction in 30, 40 and 
50 min at room temperature and then filter in a vacuum in Whatman paper No. 1. 

Finally, evaporate at temperature 40 oC  in 15 min and stored at temperature -18 

± 2 °C in the dark bottle color. 
 

 

 
 

This study aimed to determine the effect of different extraction conditions on antioxidant activity of purple sticky rice (Oryza sativa L. 

Glutinosa). The extractions conditions were ultrasonic 30, 40 and 50 minutes and microwave extraction at 300, 400 and 500 W with 

various pH 3, 4 and 5. The antioxidant activities were determined in terms of phenolic compound, total monomeric anthocyanins, 

flavonoid, ABTS and DPPH assays. The results showed that microwave extraction at pH 3 and the power 500 W had the highest 

extraction yield 69.85% (DW), total phenolic compound 1318.92 mg GAE/100 g, flavonoid 627.74 mg QE/g. DPPH scavenging ability 

was 85.97% and ABTS 413.36 mg/g. Cyanidin-3-glucoside was the main anthocyanin that found in purple sticky rice in the range of 

72.18% to 90.21%. The highest percentage of cyanindin-3-glucoside was microwave extraction at 500 W. These results suggested that 

microwave extraction at pH 3 and 500 W was the best condition of extraction. 
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Microwave extraction 

 

The purple sticky rice was placed into microwave oven at powers 300, 400 and 

500 W for 30 minutes at ambient temperature and then filter in a vacuum in 
Whatman paper No. 1. Finally, evaporate at temperature 40 oC in 15 min and 

stored at temperature -18 ± 2 °C in the dark bottle color. 

 

Extraction yield  

 

The method was determined by Leung et al. (2006) which the yield was 
calculated from the following equation 

 

              
100

ricestickypurpleofWeight

extractricestickypurpleofWeight
YeildPercent

 

 

Phenolic compound content  

 

The total phenolic content of each extracted rice was determined by using the 

colorimetric method described by Singleton and Rossi (1965). First, crude 

extracts 0.1 mL was added with 2 mL H2O were reacted with Folin-ciocalteu 
reagent 1 mL in the ratio of water (1:1) for 5 min. Secondly, neutralized with 

10% w/v sodium carbonate 1mL with 1 mL water. It was kept at dark room 

temperature 60 min and measured the absorbance at 765 nm. Gallic acid was 
used as the standard and total phenolic content was expressed as mg of Gallic 

acid equivalents (GAE) per 100 g of dry weight (DW) of the sample. 

 

Flavonoid content 

  

Flavonoid was determined by sodium nitrite aluminum dichloride system 
(Zhishen et al.,1999). Firstly, mix extracted rice with 2 mL distilled water, with 

1 mL sodium nitrate 5% and kept 5 min. Then add 0.15 mL of aluminum chloride 

10% and kept 5 min. After that, added 1 mL of sodium hydroxide 1 M and kept 5 
min before measured absorbance 415 nm. The results were expressed as mg of 

quercetin (QE) per 1 g of dry weight (DW). 

 

Total monomeric anthocyanin (TAC) 

 

The total anthocyanin content (TAC) was determined by the pH-differential 
method (Giusti and Wrolstand, 2005). First, transfer 1 mL extracted solution 

into 10 mL volumetric flask for preparing two dilutions of the sample, one 

adjusts volume with potassium chloride buffer, pH 1.0, and the other with sodium 
acetate buffer, pH 4.5. Let these dilutions equilibrate for 15 min. Measure the 

absorbance of each dilution at the 510 and 700 nm (to correct for haze), and a 
blank cell filled with distilled water. Calculate the absorbance of the diluted 

sample (A) as follows: 
 
A = (A510 – A700) pH 1.0 – (A510– A700) pH 4.5 

 

Calculate the monomeric anthocyanin pigment concentration in the original 
sample using the following formula: 

 

Monomeric anthocyanin pigment (mg/l) = (A x MW x DF x 1000)/ (ε x 1) 
 

Where MW is the molecular weight MW = 449.2, DF is the dilution factor, and ε 

is the molar absorptivity 
calculate pigment content as cyanidin-3-glucoside, ε = 26,900 

 

Antioxidant activity 

 

ABTS 

 
For ABTS assay, the procedure followed the method of Re et al., (1999) with 

some modifications. The stock solutions included 7.4 mM ABTS solution and 

2.6 mM potassium persulfate solution and kept 12 h at room temperature in dark. 
The solution was diluted methanol to obtain an absorbance of 0.70 ± 0.02 units at 

734 nm using the spectrophotometer. Extracted rice 0.1 mL were allowed to react 

with 0.9 mL of the ABTS+ solution for 2 h in the dark condition. Then the 
absorbance was taken at 734 nm using the spectrophotometer. The standard curve 

was linear between 25 and 600 μM Trolox. Results were expressed in mg Trolox 

equivalents (TE)/g.  
  

DPPH 

 
For DPPH assay was performed based on the method described by Brand-

Williams et al., (1995). A 1 mL volume of the sample extract was added to 1 mL 

of the DPPH solution (dissolved in ethanol), and the mixture was placed in the 
dark at room temperature for 30 min. Subsequently, the absorbance at 515 nm 

was recorded. The percentage of radical scavenging ability was calculated by 

using the formula:  
 

Activity (%) = Ac-At/Ac x 100 
 

Where: At was the absorbance of samples and Ac was the absorbance of ethanol 

DPPH solution 
 

Anthocyanin detection  

 

Anthocyanin content was determined by reverse phase HPLC. Anthocyanin 

separation was achieved by gradient elution using 0.1% formic acid as solvent A, 

and methanol as solvent B. The elution scheme was modified due to differences 
in instrumentation, column selection and to improve on peak resolution: isocratic 

40% B, 0-30 min; linear gradient from 40% B to 90% B, 40-45 min; isocratic 
90% B, 45-50 min; gradient to 98% B, 50-55 min; to 100% B, 55-60min; flow 

rate 0.5 mL/min; injection volume 20 µl and the column that have been used a 

Zorbax SB-C18 column (150 mm x 4.6 mm, 3.5 mm, Agilent Technologies, 
Santa Clara, CA, USA) (Hao et al., 2015). 

 

Data analysis 

 

All experiment had been conducted triplicate and expressed as mean standard. 

Data were analyzed by program with deference mean value by using an analysis 

of the variance (ANOVA).  Significant differences (P0.05) between means were 

identified using Duncan range test procedures.  

 

RESULTS AND DISCUSSION 

 

Percentage Yield  

 

Extraction efficiency is affected by the chemical nature of phytochemicals, the 

extraction method used, sample particle size, the solvent used, as well as the 
presence of interfering substances (Stalikas, 2007).  The yield of extraction 

depends on the solvent with varying polarity, pH, temperature, extraction time, 

and composition of the sample. Figure 1 showed that the extraction yields range 
between 69.36 to 69.64% of dry weight for ultrasonic extraction and 69.63 to 

69.84% of dry weight for microwave extraction. The highest extraction yield was 

found using microwave extraction with 500 W at pH 3 (p<0.05). In this figure 
reported that increasing microwave power the percent yeild could be increased 

because the microwave power could also influence the yield of antioxidants in 

the microwave extraction process. On the one hand, an increase in microwave 

power could accelerate the solvent’s movement, cell rupture and diffusion of 

extractives into the solvent, thereby increasing the extraction efficacy.  Moreover 

for ultrasonic extraction, increasing duration time could be increase the percent 
yeild of extraction beacuse ultrasound also exerts a mechanical effect, allowing 

greater penetration of solvent into the tissue, increasing the contact surface area 

between the solid and liquid phase and ultrasonic extraction time could affect the 
extraction as well, the yield of extraction will be increased by increasing the time 

for extraction (Galhiane et al., 2006). As a result, the solute quickly diffused 

from the solid phase to the solvent ( Rostagno et al., 2003). The highest 
extraction yield was found using microwave extraction with 500 W at pH 3 

(p<0.05). 

 

 
Figure 1 Percent yield of purple sticky rice (Oryza sativa L. glutinosa) extract 
using different extraction condition 

 

Total Phenolic compounds (TPC) 

 

According to Adom and Liu, (2002) reported that phenolic compounds in rice 

has been existing as both free and bound forms. Bound phenolic acids are 
typically involved in cell wall structure. They are conjugated or cross-linked with 

lignin components and are mainly found in bran fraction (Zhou et al., 2004). 

Total phenolic content of different extraction condition of purple sticky rice 
(Oryza sativa L. Glutinosa) are showed in Figue 2.Total phenolic content has 
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been in the range of 691.89-1318.92 mg GAE/100 g for ultrasonic extraction and 
691.89-2389.19 mg GAE/100 g for microwave extraction. As shown in Figure 2, 

an increase in exposure power there was significant increase in total phenolic 

compound in purple sticky rice. Maximum total phenolic compound 2389.19 mg 

GAE/100 g was recorded at microwave power at 500 W. The highest 

concentration was pH 3 with microwave extraction (p<0.05). Microwave power 

can have the influence on the total phenolic content when the power of 
microwave extraction has increased. In microwave extraction, microwave power 

was a key variable affecting the release of phytochemicals from different 

matrices by rupturing cell the wall, and also had the ability to modify equilibrium 
and mass transfer conditions during extraction. Increasing the microwave power 

accelerated purple sticky rice extraction (Ghasemzadeh et al., 2017). Most 
phenolics present in plant tissues are soluble in polar solvents and can be 

extracted using methanol containing a small amount of hydrochloric or formic 

acid. These results similar to Seawan et al., (2014) reported that the power level 
of microwave effected the total phenolic content of Homnin black rice and 

Munpu red rice.Moreover, for ultrasonic extraction, increasing duration time the 

total phenolic compound could be increase because of the structural destruction 
and the decomposition of polyphenols (Carrera et al., 2012; Makris et al., 

2007; Sun et al., 2011). When extraction time increased the variance of 

extraction yield is relatively rapid and reaches a maximum at 20 min. Ultrasound 

with mechanical agitation effect, cavitation effect, and thermal effect can 

improve the mass transport and facilitate the release of compounds from the 

extracted materials (Carrera et al., 2012). On one hand, the low acid pH value of 
the extraction solution can stop the oxidation of phenolics, while the use of small 

temperatures may preserve anthocyanin stability (Li and Jiang, 2007, Laleh et 

al., 2006).  Microwave extraction showed the highest extraction efficacy of total 
phenolic compound followed by ultrasonic extraction (p<0.05). The highest 

concentration was pH 3 with microwave extraction (p<0.05). 

 

 
Figure 2 Total phenolic content of purple sticky rice (Oryza sativa L. glutinosa) 

extract using different extraction condition 

 

Flavonoid content 

 
Flavonoid consist of a 15-carbon skeleton that was organized in two aromatic 

rings (A- and B-rings) interlinked by a three-carbon chain (structure C6-C3-C6) 

and are recognized for both their ability to donate electrons and to stop chain 
reactions. These activities are attributed to the phenolic hydroxyls, particularly in 

the 3′OH and 4′OH of the three-carbon chain (Ramarathnam et al., 1989; 

Hudson et al., 2000; Kim et al.,2010; Cho et al., 2013). Flavonoid contents in 
purple sticky rice with different extraction were shown in Figure 3. For ultrasonic 

extraction, the flavonoid content were between 90.32-464.52 mg QE/g and the 

highest flavonoid condition content was found by using ultrasonic extraction time 
of 50 min with the extraction at pH 3 microwave, extraction has been between 

489.68-627.74 mg QE/g and the highest concentration is pH 3 in microwave 

extraction 500 W which was 627.74 mg QE/g.Similar to phenolic acid, 
flavonoids are synthesized by the phenylpropanoid metabolic pathway.  The high 

concentration flavonoid was depending on low pH because of stability effect on 

both flavilium salt and anhydrobase (Goto et al., 1991). Zhou et al., (2004) 
reported the high yield of extraction of flavonoid were depending on extraction 

time. In the present study, the accelerated extraction of flavonoids by increasing 

microwave power was related to the direct effects of microwave energy on bio-

molecules by ionic conduction and dipole rotation which result in power 

dissipated inside the solvent and plant material and then generate molecular 

movement and heating (Gfrerer et al., 2005).  
 

 
Figure 3 Flavonoid content of purple sticky rice (Oryza sativa L. glutinosa) 

extract using different extraction condition 

 

Total monomeric anthocyanin 

 

Total monomeric anthocyanin in ultrasonic extraction and microwave extraction 
is shown in figure 4. For ultrasonic extraction total monomeric anthocyanin has 

been in the range of 98.99-183.24 mg/g and the highest concentration was pH 3 

in ultrasonic 50 min which 183.24 mg/g. For microwave, extraction has been in 
the range between 90.17-614.52 mg/g and the highest concentration was pH 3 in 

microwave extraction 500 W. Acidity of the solvent had greater effects on total 

monomeric anthocyanin contents. At the similar extraction duration, acidic 
solvent provided the extract with significantly higher amount of total monomeric 

anthocyanin than neutral solvents (p0.05). This could be due to the higher 

stability of anthocyanin in acidic solution (Abdel-Aal and Hucl, 2003). Dranca 

et al., 2016 has been reported that high yield of total monomeric anthocyanins 

could be the effect of extraction time of ultrasonic extraction, long period of 

extraction more effect of high yield of extraction. Abdel-Aal et al., 2014, has 
been shown that increasing of microwave power could increase the yield of 

extraction. This observation is in agreement with Golmohamadi et al, 

(2013) where they discovered that total phenolic content and total monomeric 
anthocyanin were significantly increased by 11.97% and 12.6% after 30 and 

20 min sonication at 20 kHz and 400 W ultra-sonication conditions.  

 
Figure 4 Total monomeric anthocyanin content of purple sticky rice (Oryza 
sativa L. glutinosa) extract using different extraction condition 

 

Antioxidant of DPPH and ABTS 

 

The DPPH free radical (DPPH) does not require any special preparation, while 
the ABTS radical cation ABTS must be generated by enzymes or chemical 

reactions (Arnao, 2000). Another important difference is that ABTS can be 

dissolved in aqueous and organic media, in which the antioxidant activity can be 
measured, due to the hydrophilic and lipophilic nature of the compounds in 

samples. In contrast, DPPH can only be dissolved in organic media, especially in 

ethanol, this being an important limitation when interpreting the role of 

hydrophilic antioxidants. Both radicals show similar bi-phase kinetic reactions 

with many antioxidants.The antioxidant activity of purple sticky rice has been 

determined using the ABTS and DPPPH assay and showed very strong 
antioxidant activity. Figure 5 showed the antioxidant for by using ultrasonic and 

microwave extraction and value of ABTS express as Trolox/g. The trends seen in 

antioxidant yields were reiterated in these activities. The increasing with 
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extraction time for ultrasonic extraction and the power for microwave extraction 
increased ABTS. For ultrasonic extraction the ABTS value has been in the range 

of 240.41-348.61 mg/g of ABTS. The highest was found at pH 3 with 50 min of 

extraction time and for microwave, extraction ABTS value has been in the range 
of 246.51-413.36 mg/g of ABTS and the highest concentration was pH 3 with 

microwave extraction 500 W. These results matches well our observations on 

anthocyanin and total phenolic contents. The DPPH scavenging ability highest of 
purple sticky rice showed in Figure 6. Ultrasonic extraction has been in the range 

of 44.70-81.4% and the highest concentration was pH 3 in ultrasonic 50 min and 

for microwave extraction and DPPH scavenging ability has been in the range of 
58.06-85.79% and the highest concentration was pH 3 in microwave extraction 

500 W.The power level of microwave affected the ABTS and DPPH activities. 
The antioxidant activities of purple sticky rice were increased with the increase of 

microwave power (p0.05). The different of effect of microwave power level 

might due to different active compound in sample. (Seawan, et al., 2014). 

 
Figure 5 ABTS of purple sticky rice (Oryza sativa L. glutinosa) extract using 

different extraction condition 

 
Figure 6  DPPH scavenging activity of purple sticky rice (Oryza sativa L. 

Glutinosa) extract using different extraction condition 

 

Anthocyanins  

 

 
Figure7 Typical chromatogram of anthocyanin from purple sticky rice by using 

difference retention time condition  
Peak 1: Malvidin -3-glucoside, peak 2: Delphinidine -3-glucoside, peak 3: Cyanidin -3-

glucoside, peak 4: pelagonidin -3-glucoside, peak 5: peonodin -3-glucoside 
 

 

 

 

Table 1 Anthocyanin profile of purple sticky rice extract using difference 
conditions, expressed as percentage % of five anthocyanins in purple sticky rice. 

Percentage MvGL DpGL CyGL PtGL PnGL 

pH 3 300 W 9.17 8.40 72.18 3.02 7.23 

pH 3 400 W 1.96 5.02 85.67 0.99 6.36 

pH 3 500 W 0.25 0.48 98.46 0.16 0.65 

pH 4 300 W 5.89 9.28 71.04 4.24 9.54 

pH 4 400 W 3.66 5.33 82.24 2.02 6.75 

pH 4 500 W 3.84 3.81 89.31 0.20 2.83 

pH 5 300 W 7.49 11.11 75.09 2.20 4.10 

pH 5 500 W 2.89 7.08 83.11 1.95 4.98 

pH 5 500 W 0.40 4.95 87.44 0.54 6.67 

pH 3 30 min  14.99 3.82 76.33 1.14 3.71 

PH 3 40 min 2.93 4.59 90.43 0.62 1.41 

pH 3 50 min 3.08 5.02 90.21 1.66 0.03 

pH 4 30 min 6.41 8.04 77.17 1.10 7.27 

pH 4 40 min 4.72 6.64 80.62 0.79 7.22 

pH 4 50 min 1.42 4.04 87.91 0.73 5.89 

pH 5 30 min 4.76 4.66 87.64 0.14 2.80 

pH 5 40 min 4.45 4.26 87.59 0.18 3.50 

pH 5 50 min 2.19 4.61 89.91 0.23 3.05 

MvGL: Malvidin-3-glucoside, DpGL: Delphinidin-3-glucoside, CyGL: Cyanidin-3-

glucoside, PtGL: petunidin-3-glucoside and PnGL: Peonidin-3-glucoside. 
 

Table 1 showed anthocyanin profile of each sample, expressed as percentage of 

five anthocyanins in purple sticky rice. The major of anthocyanin in purple sticky 
rice is cyaniding-3- glucoside that contains between 70-90% of total amount of 

anthocyanins. According to Escribano-Bailón et al, (2004) and cyanidin-3-

glucoside is the major anthocyanin, ranging from 80-100% of total contents in 
pigmented rice cultivars. Yawadio et al, (2007) identified cyanidin-3-glucoside 

and peonidin-3-glucoside in black rice, while Sompong et al,  (2011) confirmed 

that cyanidin-3-glucoside and peonidin-3-glucoside are the most abundant 
anthocyanins in black rice extracts. For microwave, extraction has been shown 

that cyaniding-3-glucoside was in the range of 72.17-98.45% and the highest 

percent was pH 3 in power 500 W that contains 98.45%. For ultrasonic extraction 
have been shown that cyaniding-3-glucoside is in the range of 76.32-90.20% and 

the highest percent was pH 3 in 50 min that contain 90.20%. The highest amount 

of cyaniding-3-glucoside is pH 3 in power 500 W. Many studies report that black 
and red rice have 2 main compounds of anthocyanin such as cyanidin-3-

glucoside and peonidin-3-glucoside in which cyaniding-3-glucoside contain 93% 

of the quantified anthocyanin. These generally found a pigment of fruits, 
vegetables, and colored rice have important roles in reducing the risk of cancer 

and other chronic diseases because of their free radicals scavenging capacities 

(Wang and Stoner, 2008; Elisia and Kitts, 2008). In acidified solvent 
extractions, strong acid media should be avoided because the acid may change 

the native form of anthocyanins, the glycoside bonds of 3-monoside anthocyanins 

could be destroyed, and acylated anthocyanins might be degraded by hydrolysis 
reaction (Kapasakalidis et al., 2006). 

 

CONCLUSION 

 

Experiments demonstrate that low pH has influenced the extraction of antioxidant 

activities of purple sticky rice (Oryza sativa L. Glutinosa) and the high yield of 
extraction in this study was pH 3. Moreover, duration time is effected by 

ultrasonic extraction and high antioxidant of extraction will be increased when 

increasing duration time of extraction. On the other hand, microwave power can 
effect in yield of extraction by increasing high power of microwave. Microwave 

extraction in power 500 W in 30 min composes of the highest yield of extraction 

and the greatest amount of phenolic content, flavonoid, total monomeric 
anthocyanins, ABTS, DPPH and anthocyanin detection. It is the best conditions 

for extraction.  

Acknowledgments: This research was funded by Naresuan University. The 
authors are grateful to the Department of Agro-industry, Faculty of Agriculture 

Natural Resource and Environment, Naresuan University. 

 

REFERENCES  

 

ABDEL-AAL, E.S.M., HUCL, P. 2003. Composition and stability of 
anthocyanins in blue-grained wheat. Journal of Agricultural and food 

Chemistry, 51(8), 2174-2180. https://doi.org/10.1021/jf021043x 

ABDEL-AAL, E.S.M., YOUNG, J.C., RABALSKI, I. 2006. Anthocyanin 
composition in black, blue, pink, purple, and red cereal grains. Journal of 

agricultural and food chemistry, 54(13), 4696-4704. 

https://doi.org/10.1021/jf0606609 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

A
B

T
S

 m
g

/g

pH=3

pH=4

pH=5

0

5000

10000

15000

20000

25000

30000

35000

D
P

P
H

 m
g

/g

pH=3

pH=4

pH=5

https://doi.org/10.1021/jf021043x
https://doi.org/10.1021/jf0606609


J Microbiol Biotech Food Sci / Sun et al. 2018 : 8 (2) 847-852 

 

 

  
851 

 

  

ABDEL‐AAL, E.S.M., AKHTAR, H., RABALSKI, I., BRYAN, M. 2014. 

Accelerated, Microwave‐Assisted, and Conventional Solvent Extraction Methods 
Affect Anthocyanin Composition from Colored Grains. Journal of food 

science, 79(2).  

https://doi.org/10.1111/1750-3841.12346 
ADOM, K.K., LIU, R.H. 2002. Antioxidant activity of grains. Journal of 

agricultural and food chemistry, 50(21), 6182-6187. 

https://doi.org/10.1021/jf0205099 
AHUJA, U., AHUJA, S.C., CHAUDHARY, N., THAKRAR, R. 2007. Red 

rices–past, present and future. Asian Agri-History, 11(4), 291-304. 

http://asianagrihistory.org/articles/Red-Rices-Uma-Ahuja.pdf 
ARNAO, M.B. 2000. Some methodological problems in the determination of 
antioxidant activity using chromogen radicals: A practical case. Trends in Food 

Science and Technology, 11 (11), 419-421. http://dx.doi.org/10.1016/S0924-

2244(01)00027-9 
BRAND-WILLIAMS, W., CUVELIER, M.E. BERSET, C.L.W.T. 1995. Use of 

a free radical method to evaluate antioxidant activity. LWT-Food science and 

Technology, 28(1), 25-30. https://doi.org/10.1016/S0023-6438(95)80008-5 
CARRERA, C., RUIZ-RODRÍGUEZ, A., PALMA, M., & BARROSO, C. G. 

(2012). Ultrasound assisted extraction of phenolic compounds from 

grapes. Analytica chimica acta, 732, 100-104. 

https://doi.org/10.1016/j.aca.2011.11.032 

CHEMAT, F., ABERT-VIAN, M., HUMA, Z. 2009. Microwave-assisted 

separations: green chemistry in action. New York : Nova Science, 317 p. ISBN: 
978-1-60692-092-3.  

CHEN, M.H., CHOI, S.H., KOZUKUE, N., KIM, H.J., FRIEDMAN, M. 2012. 

Growth-inhibitory effects of pigmented rice bran extracts and three red bran 
fractions against human cancer cells: relationships with composition and 

antioxidative activities. Journal of Agricultural and Food Chemistry, 60(36), 

9151-9161. https://doi.org/10.1021/jf3025453 

CHO, J.G., SONG, N.Y., NAM, T.G., SHRESTHA, S., PARK, H.J., LYU, H.N., 

KIM, D.O., LEE, G., WOO, Y.M., JEONG, T.S., BAEK, N.I. 2013. Flavonoids 

from the grains of C1/RS transgenic rice, the transgenic Oryza sativa spp. 
japonica, and their radical scavenging activities. Journal of agricultural and food 

chemistry, 61(43), 10354-10359. https://doi.org/10.1021/jf403072c 

DRANCA, F., OROIAN, M. 2016. Optimization of ultrasound-assisted 
extraction of total monomeric anthocyanin (TMA) and total phenolic content 

(TPC) from eggplant (Solanum melongena L.) peel. Ultrasonics 

sonochemistry, 31, 637-646. https://doi.org/10.1016/j.ultsonch.2015.11.008 

ELISIA, I., KITTS, D.D. 2008. Anthocyanins inhibit peroxyl radical-induced 

apoptosis in Caco-2 cells. Molecular and cellular biochemistry, 312(1-2), 139-

145. https://doi.org/10.1007/s11010-008-9729-1 

ESCRIBANO-BAILÓN, M.T., SANTOS-BUELGA, C., RIVAS-GONZALO, 

J.C. 2004. Anthocyanins in cereals. Journal of Chromatography A, 1054(1-2), 

129-141. https://doi.org/10.1016/j.chroma.2004.08.152 

ESKILSSON,C.S., BJöRKLUND, E. 2000. Analytical-scale microwave-assisted 

extraction. Journal of Chromatography A, 902(1), 227-250. 

http://dx.doi.org/10.1016/S0021-9673(00)00921-3 
GFRERER, M., LANKMAYR, E. 2005. Screening, optimization and validation 

of microwave-assisted extraction for the determination of persistent 

organochlorine pesticides. Analytica Chimica Acta, 533(2), 203-211. 
https://doi.org/10.1016/j.aca.2004.11.016 

GALHIANE, M.S., RISSATO, S.R., CHIERICE, G.O., ALMEIDA, M.V., 

SILVA, L.C. 2006. Influence of different extraction methods on the yield and 
linalool content of the extracts of Eugenia uniflora L. Talanta, 70(2), 286-292. 

https://doi.org/10.1016/j.talanta.2006.02.040 

GFRERER, M., LANKMAYR, E. 2005. Screening, optimization and validation 

of microwave-assisted extraction for the determination of persistent 

organochlorine pesticides. Analytica Chimica Acta, 533(2), 203-211. 

https://doi.org/10.1016/j.aca.2004.11.016 
GHASEMZADEH, A., JAAFAR, H.Z., RAHMAT, A., SWAMY, M.K. 2017. 

Optimization of microwave-assisted extraction of zerumbone from Zingiber 
zerumbet L. rhizome and evaluation of antiproliferative activity of optimized 

extracts. Chemistry Central Journal, 11(1), 5. https://doi.org/10.1186/s13065-

016-0235-3 
GIUSTI, M. M.,  WROLSTAD, R. E. 2005. Characterization and measurement 

of anthocyanins by UV–visible spectroscopy. New York: John Wiley & Sons, 

606 p. ISBN 9780471709084. https://doi.org/10.1002/0471709085 
GOLMOHAMADI, A., MÖLLER, G., POWERS, J., NINDO, C. 2013. Effect of 

ultrasound frequency on antioxidant activity, total phenolic and anthocyanin 

content of red raspberry puree. Ultrasonics sonochemistry, 20(5), 1316-1323. 

https://doi.org/10.1016/j.ultsonch.2013.01.020 
GOMEZ, K. A. 2001. Rice, the grain of culture. Siam Society lecture. 

GOTO, T., KONDO, T. 1991. Structure and molecular stacking of 
anthocyanins—flower color variation. Angewandte Chemie International 

Edition, 30(1), 17-33. https://doi.org/10.1002/anie.199100171 

HAO, J., ZHU, H., ZHANG, Z., YANG, S., LI, H. 2015. Identification of 
anthocyanins in black rice (Oryza sativa L.) by UPLC/Q-TOF-MS and their in 

vitro and in vivo antioxidant activities. Journal of Cereal Science, 64, 92-99. 

https://doi.org/10.1016/j.jcs.2015.05.003 

HU, Z., CAI, M., LIANG, H.H. 2008. Desirability function approach for the 
optimization of microwave-assisted extraction of saikosaponins from Radix 

Bupleuri. Separation and Purification Technology, 61(3), 266-275. 

https://doi.org/10.1016/j.seppur.2007.10.016 
HUDSON, E.A., DINH, P.A., KOKUBUN, T., SIMMONDS, M.S., GESCHER, 

A. 2000. Characterization of potentially chemopreventive phenols in extracts of 

brown rice that inhibit the growth of human breast and colon cancer cells. Cancer 
Epidemiology and Prevention Biomarkers, 9(11), 1163-1170. 

KAPASAKALIDIS, P.G., RASTALL, R.A., GORDON, M.H. 2006. Extraction 

of polyphenols from processed black currant (Ribes nigrum L.) residues. Journal 
of agricultural and food chemistry, 54(11), 4016-4021. 

https://doi.org/10.1021/jf052999l 

KIM, J.K., LEE, S.Y., CHU, S.M., LIM, S.H., SUH, S.C., LEE, Y.T., CHO, 

H.S., HA, S.H. 2010. Variation and correlation analysis of flavonoids and 

carotenoids in Korean pigmented rice (Oryza sativa L.) cultivars. Journal of 
agricultural and food chemistry, 58(24), 12804-12809. 

https://doi.org/10.1021/jf103277g 
Kong, J.M., Chia, L.S., Goh, N.K., Chia, T.F., Brouillard, R. 2003. Analysis and 
biological activities of anthocyanins. Phytochemistry, 64(5), 923-933. 

https://doi.org/10.1016/S0031-9422(03)00438-2 
LALEH, G.H., FRYDOONFAR, H., HEIDARY, R., JAMEEI, R., ZARE, S. 

2006. The effect of light, temperature, pH and species on stability of anthocyanin 

pigments in four Berberis species. Pakistan Journal of Nutrition, 5(1), 90-92. 

https://doi.org/10.3923/pjn.2006.90.92 
LEUNG, D.Y.C., KOO, B.C.P., GUO, Y. 2006. Degradation of biodiesel under 

different storage conditions. Bioresource technology, 97(2), 250-256. 

https://doi.org/10.1016/j.biortech.2005.02.006 
LI, J., JIANG, Y. 2007. Litchi flavonoids: isolation, identification and biological 

activity. Molecules, 12(4), 745-758. https://doi.org/10.3390/12040745 

LIEU, L.N. 2010. Application of ultrasound in grape mash treatment in juice 
processing. Ultrasonics Sonochemistry, 17(1), 273-279. 

https://doi.org/10.1016/j.ultsonch.2009.05.002 
MAKRIS, D. P., BOSKOU, G., & ANDRIKOPOULOS, N. K. (2007). Recovery 
of antioxidant phenolics from white vinification solid by-products employing 

water/ethanol mixtures. Bioresource technology, 98(15), 2963-2967. 

https://doi.org/10.1016/j.biortech.2006.10.003 

PHENGRAT, J., S. JEARAKONGMAN. 2009. Black Glutinous Rice: Various 

Benefits, Composite Thinking, Enhancing Thai Economic Opportunities. Rice 

and temperate cereal crops annual conference (Proceedings of rice and temperate 

cereal crops annual conference 2009) Bureau of Rice Research and Developmen : 

Bangkok, 325‒342.  

RAMARATHNAM, N., OSAWA, T., NAMIKI, M., KAWAKISHI, S. 1989. 
Chemical studies on novel rice hull antioxidants. 2. Identification of isovitexin, a 

C-glycosyl flavonoid. Journal of Agricultural and Food Chemistry, 37(2), 316-

319. https://doi.org/10.1021/jf00086a009 
RE, R., PELLEGRINI, N., PROTEGGENTE, A., PANNALA, A., YANG, M., 

RICE-EVANS, C. 1999. Antioxidant activity applying an improved ABTS 

radical cation decolorization assay. Free radical biology and medicine, 26(9-10), 
1231-1237. https://doi.org/10.1016/S0891-5849(98)00315-3 

 ROSTAGNO, M.A., PALMA, M., BARROSO, C.G. 2003. Ultrasound-assisted 

extraction of soy isoflavones. Journal of Chromatography A, 1012(2), 119-128. 

https://doi.org/10.1016/S0021-9673(03)01184-1 
ROUTRAY, W., ORSAT, V. 2012. Microwave-assisted extraction of flavonoids: 

a review. Food and Bioprocess Technology, 5(2), 409-424. 

https://doi.org/10.1007/s11947-011-0573-z 
SEAWAN, N., VICHIT, W., THAKAM, A., THITIPRAMOTE, N., CHAIWUT, 

P., PINTATHONG, P., THITILERTDECH, N. 2014. Antioxidant capacities, 

phenolic, anthocyanin and proanthocyanidin contents of pigmented rice extracts 

obtained by microwave-assisted method. Suranaree Journal of Science & 

Technology, 21(4), 301-306. https://doi.org/10.14456/sjst.2014.32 
SINGLETON, V.L., ROSSI, J.A. 1965. Colorimetry of total phenolics with 

phosphomolybdic-phosphotungstic acid reagents. American journal of Enology 

and Viticulture, 16(3), 144-158. 
SOMPONG, R., SIEBENHANDL-EHN, S., LINSBERGER-MARTIN, G., 

BERGHOFER, E. 2011. Physicochemical and antioxidative properties of red and 
black rice varieties from Thailand, China and Sri Lanka. Food Chemistry, 124(1), 

132-140. https://doi.org/10.1016/j.foodchem.2010.05.115 

STALIKAS, C.D. 2007. Extraction, separation, and detection methods for 
phenolic acids and flavonoids. Journal of separation science, 30(18), 3268-3295. 

https://doi.org/10.1002/jssc.200700261 
SUKHAPAT, N., UNGPHAIBOON, S., ITHARAT, A., 
PURIPATTANAVONG, J., PINSUWAN, S. 2004, November. Influence of pH 

on antioxidant activity of roselle (Hibiscus sabdariffa L.) extract in aqueous 

solution.  The 10th World Congress on Clinical Nutrition: Nutrition in the Next 
Decade: Nutraceutical/Functional Food: Product Performance in Health, 

Disease and Safety. INC and BIOTEC : Bangkok, 184. 

SUN, Y., XU, W., ZHANG, W., HU, Q., & ZENG, X. (2011). Optimizing the 
extraction of phenolic antioxidants from kudingcha made frrom Ilex kudingcha 

CJ Tseng by using response surface methodology. Separation and purification 

technology, 78(3), 311-320. https://doi.org/10.1016/j.seppur.2011.01.038 

https://doi.org/10.1111/1750-3841.12346
https://doi.org/10.1021/jf0205099
http://asianagrihistory.org/articles/Red-Rices-Uma-Ahuja.pdf
http://dx.doi.org/10.1016/S0924-2244(01)00027-9
http://dx.doi.org/10.1016/S0924-2244(01)00027-9
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/j.aca.2011.11.032
https://doi.org/10.1021/jf3025453
https://doi.org/10.1021/jf403072c
https://doi.org/10.1016/j.ultsonch.2015.11.008
https://doi.org/10.1007/s11010-008-9729-1
https://doi.org/10.1016/j.chroma.2004.08.152
http://dx.doi.org/10.1016/S0021-9673(00)00921-3
https://doi.org/10.1016/j.aca.2004.11.016
https://doi.org/10.1016/j.aca.2004.11.016
https://doi.org/10.1186/s13065-016-0235-3
https://doi.org/10.1186/s13065-016-0235-3
https://doi.org/10.1002/0471709085
https://doi.org/10.1016/j.ultsonch.2013.01.020
https://doi.org/10.1002/anie.199100171
https://doi.org/10.1016/j.jcs.2015.05.003
https://doi.org/10.1016/j.seppur.2007.10.016
https://doi.org/10.1021/jf052999l
https://doi.org/10.1021/jf103277g
https://doi.org/10.1016/S0031-9422(03)00438-2
https://doi.org/10.3923/pjn.2006.90.92
https://doi.org/10.1016/j.biortech.2005.02.006
https://doi.org/10.3390/12040745
https://doi.org/10.1016/j.ultsonch.2009.05.002
https://doi.org/10.1016/j.biortech.2006.10.003
https://doi.org/10.1021/jf00086a009
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0021-9673(03)01184-1
https://doi.org/10.1007/s11947-011-0573-z
https://doi.org/10.14456/sjst.2014.32
https://doi.org/10.1016/j.foodchem.2010.05.115
https://doi.org/10.1002/jssc.200700261
https://doi.org/10.1016/j.seppur.2011.01.038


J Microbiol Biotech Food Sci / Sun et al. 2018 : 8 (2) 847-852 

 

 

  
852 

 

  

TANANUWONG, K., TEWARUTH, W. 2010. Extraction and application of 
antioxidants from black glutinous rice. LWT-Food Science and 

Technology, 43(3), 476-481. https://doi.org/10.1016/j.lwt.2009.09.014 

WANG, L.S., STONER, G.D. 2008. Anthocyanins and their role in cancer 
prevention. Cancer letters, 269(2), 281-290. 

https://doi.org/10.1016/j.canlet.2008.05.020 

XIAO, W., HAN, L., SHI, B. 2008. Microwave-assisted extraction of flavonoids 
from Radix Astragali. Separation and Purification Technology, 62(3), 614-618. 

https://doi.org/10.1016/j.seppur.2008.03.025 
YAWADIO, R., TANIMORI, S., MORITA, N. 2007. Identification of phenolic 
compounds isolated from pigmented rices and their aldose reductase inhibitory 

activities. Food Chemistry, 101(4), 1616-1625. 

https://doi.org/10.1016/j.foodchem.2006.04.016 
ZHANG, Z., KOU, X., FUGAL, K., MCLAUGHLIN, J. 2004. Comparison of 

HPLC methods for determination of anthocyanins and anthocyanidins in bilberry 
extracts. Journal of Agricultural and Food Chemistry, 52(4), 688-691. 

https://doi.org/10.1021/jf034596w 
ZHISHEN, J., MENGCHENG, T., JIANMING, W. 1999. The determination of 
flavonoid contents in mulberry and their scavenging effects on superoxide 

radicals. Food chemistry, 64(4), 555-559. https://doi.org/10.1016/S0308-

8146(98)00102-2 
ZHOU, Z., ROBARDS, K., HELLIWELL, S., BLANCHARD, C. 2004. The 

distribution of phenolic acids in rice. Food Chemistry, 87(3), 401-406. 

https://doi.org/10.1016/j.foodchem.2003.12.015 

 

https://doi.org/10.1016/j.lwt.2009.09.014
https://doi.org/10.1016/j.canlet.2008.05.020
https://doi.org/10.1016/j.seppur.2008.03.025
https://doi.org/10.1016/j.foodchem.2006.04.016
https://doi.org/10.1021/jf034596w
https://doi.org/10.1016/S0308-8146(98)00102-2
https://doi.org/10.1016/S0308-8146(98)00102-2
https://doi.org/10.1016/j.foodchem.2003.12.015

