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AbstractArticle Info

Importance of the work: Doi Saket purple rice (Oryza sativa L.) is rich in anthocyanins, which are 
found primarily in the rice grain. However, anthocyanins are sensitive to heat, pH, light, solvents, 
enzymes and oxidative stress compounds. Systematic evaluation and optimization of the extraction 
parameters and conditions is essential to maximize the yield of bioactive compounds through 
ultrasonic-assisted extraction. 
Objective: To investigate the optimization of various factors influencing ultrasonic-assisted 
extraction (UAE) of the total anthocyanin content (TAC), total flavonoid content (TFC) and 
hydrogen peroxide (H2O2) scavenging activity from Doi Saket purple rice using response surface 
methodology (RSM). 
Materials and Methods: The Doi Saket purple rice was extracted using UAE and the optimum 
conditions were determined based on RSM. A Box-Behnken design was used to plan the 
experimental runs, resulting in 15 experimental conditions. Three factors, each at three levels were 
studied: solid-to-liquid ratio (1:1−1:3 weight per volume, w/v; X1), extraction time (20-60 min; X2) 
and extraction temperature (60-80°C; X3). 
Results: The optimal conditions for the UAE of TAC, TFC and H2O2 scavenging activity of  
Doi Saket purple rice were a solid-to-liquid ratio of 1:2 w/v, an extraction time of 40 min and  
an extraction temperature of 70°C. Under these conditions, the highest predicted values for TAC, 
TFC and H2O2 scavenging activity were 131.83 mg/g, 38.62 mg of quercetin equivalent/g rice  
(mg QE/g) and 83.75%, respectively. The experimental values mean (± SD) of the extracts obtained 
under optimal conditions were as follows: TAC, 112.77 ± 2.34 mg/g; TFC, 39.26 ± 0.35 mg QE/g 
and H2O2 scavenging activity, 75.06 ± 1.26%.
Main finding: The independent variables (solid-to-liquid ratio, extraction time and extraction 
temperature) were systematically identified and optimized to maximize the extraction yields  
of TAC, TFC and H2O2 scavenging activity from Doi Saket purple rice.
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Introduction 

	 Doi Saket purple rice (Oryza sativa L.), cultivated in 
northern Thailand, is rich in anthocyanins, that consist primarily 
of cyanidin-3-glucoside and peonidin-3-glucoside (Rerkasem 
et al., 2015). The dominant property of anthocyanins is their 
antioxidant capability (Zhang et al., 2013). Additionally, 
rice bran contains beneficial phytochemicals such as  
total flavonoids, vitamins and tocopherols (Min et al.,  
2012). However, anthocyanins are highly sensitive 
to heat, pH, light, solvents, enzymes and oxidative stress  
(Rein, 2005; Scalzo et al., 2008 and Castañeda-Ovando 
 et al., 2009). Therefore, optimizing extraction parameters  
is crucial to preserve the stability and efficacy of the 
anthocyanins.
	 Often, conventional methods for anthocyanin extraction, 
such as boiling, refluxing and Soxhlet extraction, are associated 
with low yields, limited efficiency and long processing 
times. (Das et al., 2017; Srimoon and Santimalai, 2018). 
These drawbacks mainly result in the degradation of the 
anthocyanins through oxidation, hydrolysis and ionization 
reactions (Pratiwi and Purwestri, 2017). To overcome these 
limitations, ultrasonic-assisted extraction (UAE) has emerged 
as a promising alternative, offering improved efficiency  
and better preservation of phytochemicals (Cobin et al.,  
2015). UAE is recognized as a clean, novel and safe  
technique that enhances extraction by increasing diffusion 
rates, promoting mass transfer and disrupting plant cell walls 
to facilitate solvent penetration (Mason et al., 2011; Tiwary, 
2015).
	 The key extraction parameters and conditions must 
be evaluated and optimized carefully to maximize the yield 
of bioactive compounds using UAE. Response surface 
methodology (RSM) is applied widely to determine optimal 
conditions by systematically evaluating variables such as  
the solid-to-liquid ratio, extraction time, temperature and 
solvent types. Numerous studies have demonstrated that these 
factors greatly influence both the yield and quality of target 
compounds. For example, Jiang et al. (2017) and Wang et al. 
(2019) used RSM to optimize anthocyanin extraction from 
blueberries and red rice, respectively, and found that extraction 
temperature, time and solid-to-liquid ratio had substantial 
impacts on yields, with optimal recovery being achieved under 
moderate temperatures and extended extraction durations. 
In addition, Mane et al. (2015) reported that the ultrasonic 
amplitude and solvent ratio substantial affected anthocyanin 

yield from Purple Majesty potatoes. Although individual 
parameters influence extraction efficiency, simultaneous 
optimization of multiple variables has been demonstrated to 
considerably enhance the recovery of bioactive phytochemical 
compounds, particularly anthocyanins, from various plant 
sources, including purple sweet potatoes, red cabbage, mulberry 
and grape juice (Cocito et al., 1995; Gongjian et al., 2008;  
Zou et al., 2011; Demirdöven et al., 2015). However, there  
has been limited research on the application of RSM for 
optimizing the UAE of purple rice. Specifically, to date,  
no studies have reported the optimization of UAE conditions 
based on H2O2 scavenging activity as a response variable, 
particularly in the context of cosmetic or functional product 
applications.
	 Therefore, the current study aimed to investigate  
the effects of UAE on the total anthocyanin content (TAC), 
total flavonoid content (TFC) and hydrogen peroxide (H2O2) 
scavenging activity of Doi Saket purple rice extracts, using 
RSM to identify the optimal extraction conditions, with 
the solid-to-liquid ratio, extraction time and temperature 
considered as key variables.

Materials and Methods

Plant materials and chemicals

	 The Doi Saket purple rice was sourced from a local 
farmer in Doi-Saket, Chiang Mai province, Thailand.  
The rice was milled by a commercial grinding facility and 
stored in vacuum-sealed plastic bags at room temperature 
(28  ±  2°C). The analytical-grade chemicals used in  
this study included potassium chloride, sodium acetate 
trihydrate, gallic acid, aluminum chloride, hydrochloric acid 
(37%), 1,10-phenanthroline monohydrate, ammonium iron 
(II) sulfate hexahydrate, sulfuric acid (98%) and hydrogen 
peroxide (30%) and were purchased from Northern Chemical 
Co., Ltd (Chiang Mai, Thailand) and Union Science Co., Ltd 
(Bangkok, Thailand).
 
Ultrasonic-assisted extraction

	 The Doi Saket purple rice was extracted using an 
ultrasonic water bath (Model GT; Sonic-D6; Guangdong 
GT Ultrasonic Co., Ltd.; Shenzhen, China) operating at  
a frequency of 40 kHz and a power of 150 W. For each 
extraction run, 20 g of Doi Saket purple rice was mixed  
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with distilled water at solid-to-liquid ratios of 1:1, 1:2 and 
1:3 weight per volume (w/v). Initially, the extraction solvent 
was kept at room temperature (28 ± 2°C) before sonication. 
UAE was conducted at temperatures of 60°C, 70°C or  
80°C for extraction durations of 20 min, 40 min or 60 min,  
as defined by a Box-Behnken design (BBD), according to  
Yang et al. (2010) and Zhu et al. (2016). Due to the use of 
ultrasonic energy, the extraction temperature increased by 
approximately 2–3°C above the set point and was monitored 
using an external thermometer. Each condition was conducted 
in triplicate (n = 3), with the independent variables shown in 
Table 1. After extraction, the extracts were filtered through  
a white cloth and the filtrate was collected for further analysis.

were investigated: solid-to-liquid ratio (on a w/v basis; X1), 
extraction time (in minutes; X2) and extraction temperature 
(in degrees Celsius; X3). The variable levels are presented in 
Table 1. The BBD was utilized to structure the experimental 
design, consisting of 15 experimental runs with three  
replicates (n = 3), as shown in Table 2. The STATISTICA 
software (version 12; TIBCO Software Inc.; Palo Alto, 
CA, USA) was used for constructing the design matrix,  
graph and data analysis. A second-degree polynomial equation 
was fitted to the experimental data using Equation 1:

	 Y = β0+∑ βiXi+∑ βiiXi
2+∑ βijXiXj

k
i>j

k
i=1

k
i=1 	 (1)

	 where Y is the response (dependent variable), β0 is  
the linear coefficient of the coded variables, βi, βii and βij  
are the linear, quadratic and cross product regression 
coefficients, respectively, Xi and Xj are the independent 
variables and k is the number of tested variables (k = 3).
	 The statistical significance of the model was evaluated 
using analysis of variance, with the importance of the 
coefficients and variable interactions assessed based on  
p values. Model accuracy and validity were determined  
using the coefficient of determination (R²), lack of fit and  
an F test (p < 0.05). Predictive validity was evaluated  
based on the coefficient of variation (CV) and a paired t 
test was used to compare predicted and experimental values  
(p < 0.05).

Table 1	 Independent variables and their coded levels used in the 
experimental design for ultrasound-assisted extraction (UAE) of Doi 
Saket purple rice.

Independent variable Level values 
–1 0 +1

Solid-to-liquid ratio (weight per volume), X1 1 2 3
Extraction time (minutes), X2 20 40 60
Extraction temperature (degrees Celsius), X3 60 70 80

Table 2	 Box-Behnken design and response variables for total anthocyanin content (TAC), total flavonoid content (TFC) and hydrogen peroxide (H2O2) 
scavenging activity of Doi Saket purple rice extracts

Run Factor Response variable
Solid-to-liquid ratio 

(weight per volume, X1) 
(1:x)

Time 
(minutes, X2)

Temperature 
(degrees Celsius, X3)

TAC
(mg/g)

TFC
(mg QE/g)

H2O2 
scavenging activity 

(%)
1 3 20 70 86.83 ± 0.48 23.84 ± 0.48 48.26 ± 2.10
2 3 60 70 93.35 ± 0.10 24.82 ± 0.32 67.89 ± 2.55
3 2 60 60 83.38 ± 0.63 30.39 ± 0.52 71.10 ± 1.14
4 2 20 80 94.74 ± 3.38 36.41 ± 1.12 73.04 ± 0.74
5 1 60 70 80.15 ± 3.04 47.68 ± 0.52 89.31 ± 4.08
6 1 40 60 74.09 ± 1.68 46.37 ± 0.72 83.77 ± 2.13
7 2 60 80 99.97 ± 2.80 36.26 ± 0.62 73.28 ± 0.43
8 2 20 60 75.59 ± 3.42 25.84 ± 0.27 60.89 ± 1.47
9 3 40 60 100.69 ± 1.2 24.54 ± 0.12 59.22 ± 1.31
10 2 40 70 123.86 ± 1.33 32.73 ± 0.28 84.96 ± 0.97
11 3 40 80 104.20 ± 2.76 28.21 ± 0.55 59.86 ± 1.84
12 2 40 70 130.25 ± 1.02 37.29 ± 0.61 79.33 ± 1.32
13 1 40 80 80.49 ± 1.74 54.88 ± 0.78 97.11 ± 1.27
14 1 20 70 69.52 ± 4.36 49.29 ± 0.33 99.17 ± 0.82
15 2 40 70 149.84 ± 1.02 36.23 ± 0.80 78.46 ± 1.10

QE = quercetin equivalents.
Data shown as mean ± SD values, derived from three independent experiments (n = 3).

Experimental design and optimization

	 RSM was used to optimize the impact of the UAE  
on the TAC, TFC and H2O2 scavenging activity of the Doi 
Saket purple rice extracts. Three independent variables 
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Determination of total anthocyanin content

	 The TAC in the Doi Saket purple rice extracts was 
determined using a modified pH differential method (Tonutare 
and Moor, 2014). Extracts were diluted tenfold with distilled 
water and centrifuged at 3,000 rpm (approximately 1,200×g,) 
for 15 min (Model EBA 20; Hettich Zentrifugen; Tuttlingen, 
Germany). Then, 200 μL of supernatant solution was adjusted to 
2 mL with pH 1.0 or pH 4.5 buffer and incubated in the dark at  
room temperature (28 ± 2°C). The absorbance (A) was measured 
at 510 nm and 700 nm using an ultraviolet-visible light (UV-Vis) 
spectrophotometer (Model SP-UV 200; Spectrum Instruments; 
Shanghai, China) with distilled water as a blank. The TAC  
(in milligrams per gram) was calculated using Equation 2:

	 TAC (mg/g) = Adiff × Mw × Df  × 1,000/(ε × m)	 (2)

	 where Adiff is (A510nm – A700nm) at pH 1.0 – (A510nm – A700nm) at  
pH4.5, Mw is the molecular weight of anthocyanin (449.2 g/mol  
for cyanidin-3-glucoside), ε is the molar absorptivity of the 
anthocyanin (26,900 L/mol·cm for cyanidin-3-glucoside), m is 
the weight of the rice sample (in grams) and Df is the dilution factor. 

Determination of H₂O₂ scavenging activity

	 The H2O2 scavenging activity was determined using a 
spectrophotometric assay based on the 1,10-phenanthroline 
method (Mukhopadhyay et al., 2016). A 1 mM solution of 
1,10-phenanthroline was prepared by dissolving 0.10 g in 100 
mL of distilled water. A 1 mM ferrous ammonium sulfate solution 
was prepared by dissolving 40 mg in 95 mL of distilled water, 
followed by the addition of 5 mL of 0.01 N sulfuric acid. The assay  
was conducted by mixing 0.25 mL of ferrous ammonium sulfate, 
1.5 mL of the test sample and 62.5 μL of 5 mM H2O2. The mixture 
was incubated in the dark at room temperature (28 ± 2°C) for 
5 min before absorbance measurement. Subsequently, 1.5 mL 
of 1,10-phenanthroline was added to the mixture and incubated 
for 10 min at room temperature (28 ± 2°C). The blank solution 
consisted of 0.25 mL of ferrous ammonium sulfate, 1.562 mL of 
distilled water and 1.5 mL of 1,10-phenanthroline. Absorbance 
was measured at 510 nm using the UV-Vis spectrophotometer. 
H2O2 scavenging activity (%) was calculated using Equation 3:

  H2O2 scavenging activity = Atest / Ablank × 100	 (3)

	 where Atest is the absorbance of the test sample and Ablank 
is the absorbance of the blank sample.

Determination of total flavonoid content

	 The TFC was determined using the aluminum chloride 
colorimetric assay (Chandra et al., 2014). Doi Saket purple 
rice extracts were diluted tenfold with distilled water and 
centrifuged at 3,000 rpm (approximately1,200 ×g) for 15 min. 
The resulting supernatant was used for analysis. A quercetin 
standard stock solution (5 mg/mL in methanol) was prepared 
and diluted to concentrations ranging from 1.25 to 100 μg/mL. 
A 2% aluminum chloride solution was prepared by dissolving 
2 g of aluminum chloride in 100 mL of distilled water. For 
the assay, 1 mL of the sample or standard solution was mixed 
with 1 mL of 2% aluminum chloride and incubated at room 
temperature (28 ± 2°C) for 1 hr. The absorbance was measured 
at 420 nm using the UV-Vis spectrophotometer. The TFC was 
calculated from the quercetin standard curve (Y=…X+…; R2 = 
0.99) and calculated based on the weight in grams of the rice 
sample and expressed as milligrams of quercetin equivalents 
per gram of rice sample (mg QE/g).

Statistical analysis

	 The experimental data were analyzed using the SPSS 
software (version 26, SPSS Inc.; USA). All measurements 
were performed in triplicate and reported as mean ± SD values. 
Statistical significance was determined using analysis of variance 
followed by Tukey’s test with significance set at p < 0.05.

Results and Discussion

Response and modeling of ultrasonic-assisted extraction 
process

	 A BBD was applied to optimize the solid-to-liquid ratio, 
extraction time and temperature during the UAE of Doi Saket 
purple rice. The primary objective was to maximize the values 
for TAC, TFC and H2O2 scavenging activity. As presented in 
Table 2, the TAC was in the range 69.52 ±4.36–149.84 ± 1.02 
mg/g, the TFC was in the range 23.84 ± 0.48–54.88 ± 0.78 
mg QE/g and the H2O2 scavenging activity was in the range  
48.26 ± 2.10–99.17 ± 0.82%. Model performance was 
evaluated using values for R², F and p, as shown in Table 3. 
The R2 values for the TAC, TFC and H2O2 scavenging activity 
were 0.93, 0.99 and 0.99, respectively. The lack-of-fit tests  
for all three responses were not significant (p ≥ 0.05),  
confirming the adequacy of the models. 
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Effect of ultrasonic-assisted extraction on total anthocyanin content

	 The effects of the independent variables on the TAC 
of Doi Saket purple rice extracts were analyzed and shown 
in Table 3. The effect of X1 was highly significant (p < 0.01),  
with the effects of X1

2, X2
2 and X3

2 being significant  
(p < 0.05). In contrast, the effects of X2, X3, X1X2, X1X3 and 
X2X3 were not significant (p ≥ 0.05). The quadratic regression 
model for predicting the TAC, based on the coefficients of  
the independent variables, is presented in Equation 4 :

	 TAC	 =	 131.83 + 10.10X1 + 3.77X2 + 5.71X3 
			   – 1.03X1X2 – 0.72X1X3 – 0.64X2X3 
			   – 25.19X1

2 – 26.64X2
2 – 19.24X3

2	 (4)

	 The interaction effects of independent variables on the 
TAC in the Doi Saket purple rice extracts are illustrated in 
Fig. 1. In all cases, the TAC increased with rising values of 
the respective variables, reaching a peak of approximately 120 
mg/g at optimal conditions of 70°C and 40 min and a 1:2 w/v 
solid-to-liquid ratio (Fig. 1A), of 70°C and a 1:2 w/v solid-to-
liquid ratio (Fig. 1B) and at 70°C and 40 min (Fig. 1C). Beyond 
these levels, the TAC values declined. Based on these results, 
the extraction time, temperature and solid-to-liquid ratio 
significantly influenced the TAC. It was observed that lower 
extraction temperatures did not enhance extraction efficiency, 
as mild heat treatment extraction (50–80°C) contributed to 
the inactivation of oxidative reactions that could otherwise 
have degraded the total anthocyanin yield (Khoo et al.,2017). 
However, further increases led to anthocyanin degradation, 
attributed to their thermal sensitivity and susceptibility to 

prolonged exposure to heat and oxygen (Mohamad et al., 2010; 
Chemat et al., 2016). Additionally, excessive solvent volume 
reduced the ultrasonic energy transfer efficiency due to the lower 
energy density, thereby limiting cell disruption and anthocyanin 
release (Pinelo et al., 2005). Similar trends have been reported 
in Clitoria ternatea (Pham et al., 2019) and purple potato;  
(Qi et al., 2023), as well as in black soybean (Ryu and Koh, 
2019) and red rice bran; (Wang et al., 2019). These findings 
underlined the need to optimize extraction parameters to 
balance efficiency with anthocyanin stability during thermal 
processing.

Table 3	 Analysis of variance and regression analysis of Box-Behnken 
design and response variables for total anthocyanin content (TAC), total 
flavonoid content (TFC) and hydrogen peroxide (H2O2) scavenging 
activity of Doi Saket purple rice extracts

Source TAC
p value 

TFC
p value 

H2O2 scavenging 
activity (%)

p value 
Model 0.0193 0.0003* 0.0004*
X1 (Solid-to-liquid ratio) 0.0356 <0.0001* <0.0001*
X2 (Time) 0.3351 0.4995 0.0503
X3 (Temperature) 0.1677 0.0027 0.0157
X1X2 0.8450 0.5114 0.0032
X1X3 0.8906 0.2446 0.0716
X2X3 0.9032 0.2564 0.1336
X1

2 0.0046 0.0126 0.8311
X2

2 0.0036 0.0396 0.0171
X3

2 0.0136 0.5906 0.0076
Lack-of-Fit 0.8605 0.8171 0.7850
R2 0.9274 0.9879 0.9868

R2 = coefficient of determination.
p < 0.05 denotes significant difference; p < 0.01 denotes highly significant 
difference.

Fig. 1	 Response surface plot of effects of independent variables on total anthocyanin content of Doi Saket purple rice extracts: (A) interaction between extraction 
time and solid-to-liquid ratio; (B) interaction between extraction temperature and solid-to-liquid ratio; (C) interaction between extraction temperature and time.
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Effect of ultrasonic-assisted extraction on total flavonoid 
content

	 The effects of the independent variables on the TFC of 
the Doi Saket purple rice extracts were evaluated, as shown 
in Table 3. The quadratic term X2² had a highly significant 
effect on TFC (p < 0.01) and the effects of X1, X3 and X1

2 
were significant (p < 0.05). In contrast, the effects of X2, 
X1X2, X1X3, X2X3 and X3

2 were not significant (p ≥ 0.05).  
The corresponding quadratic regression model for predicting 
the TFC, based on the coefficients of the independent variables, 
is presented in Equation 5:

	 TFC	 =	 38.62 – 12.10X1 + 0.4753X2 + 3.58X3 

			   + 0.65X1X2 – 1.21X1X3 – 1.18X2X3 + 
			   3.63X1

2 – 2.64X2
2 – 0.55X3

2	 (5)

	 The interaction effects of independent variables on the 
TFC in the Doi Saket purple rice extracts are illustrated in  
Fig. 2 The flavonoid content increased with prolonged 
extraction time and higher temperature but decreased with 
increasing solid-to-liquid ratio, indicating a direct effect of 
time and temperature and an indirect effect of the solvent ratio. 
As shown in Fig. 2C, the flavonoid content increased with  
both time and temperature, reaching a maximum of  
55 mg QE/g at a 1:1 w/v solid-to-liquid ratio for 60 min at 
80°C. These findings suggested that flavonoids were relatively 
heat-stable, consistent with reports attributing this stability to 
their chemical structure (Gil et al., 2002; Biesaga, 2011; Lu et 
al., 2018). Consistent with this observation, other studies have 

demonstrated that flavonoids can be extracted effectively at 
temperatures in the rnage 60–80°C (Wang et al., 2022; Liu et al., 
2025). However, degradation can occur under extreme thermal 
conditions (Jaakola and Hohtola, 2010; Chaaban et al., 2017; 
Gouot et al., 2019). The reduction in the flavonoid yield with 
an increasing solid-to-liquid ratio may be attributed to physical 
dilution effects, which reduced the efficiency of ultrasonic 
energy transfer, leading to less effective cell disruption 
(Yohannes et al., 2019). Similar patterns have been observed 
in cotton flower (Dong et al., 2022) and Xanthoceras sorbifolia 
flower extracts (Zhang et al., 2021). These results underlined 
the importance of optimizing extraction parameters to enhance 
flavonoid yield while minimizing thermal degradation and 
solvent-related inefficiencies.

Effect of ultrasonic-assisted extraction on hydrogen peroxide 
scavenging activity

Hydrogen peroxide (H2O2) is a strong oxidizing agent 
commonly used in hair bleaching due to its ability to  
degrade melanin (Premi and Sharma, 2016). It was used in 
the current study to assess the antioxidant potential of the Doi 
Saket purple rice extracts on H2O2. H2O2 scavenging activity 
indicates the capacity of bioactive compounds, particularly 
anthocyanins and flavonoids, to neutralize reactive oxygen 
species via electron or hydrogen donation, facilitated by 
their polyphenolic structures (Tungmunnithum et al., 2020). 
The effects of independent variables on the H2O2 scavenging 
activity of the Doi Saket purple rice extracts are summarized 
in Table 3. 

Fig. 2	 Response surface plot of effects of independent variables on total flavonoid content of Doi Saket purple rice extracts: (A) interaction between 
extraction time and solid-to-liquid ratio; (B) interaction between extraction temperature and solid-to-liquid ratio; (C) interaction between extraction 
temperature and time.
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	 The effects of X2, X3 and X2
2 on the H2O2 scavenging 

activity were highly significant (p < 0.01) and the effects of 
X1, X1X2 and X3

2 were significant (p < 0.05). In contrast, the 
effects of X1X3, X2X3 and X1

2 were not significant (p ≥ 0.05). 
The quadratic regression model for predicting H2O2 scavenging 
activity, based on the coefficients of the independent variables, 
is presented in Equation 6:
	
	 H2O2 scavenging activity (%) = 83.75 – 16.77X1 + 
	 2.53X2 + 3.54X3 + 7.37X1X2 – 3.18X1X3 – 2.49X2X3 
	 + 0.33X1

2 – 5.09X2
2 – 6.25X3

2	 (6)

	 The interaction effects of independent variables on the 
H2O2 scavenging activity in the Doi Saket purple rice extracts 
are shown in Fig. 3. Figs. 3A and 3B reveal similar trends, 
with the H2O2 scavenging activity increasing with time and 
temperature but decreasing with an increasing solid-to-liquid 
ratio. The maximum H2O2 scavenging activity was 65% 
with a 1:1 w/v solid-to-liquid ratio and an extraction time of  
60 min at 70°C (Fig. 3A) and was 61% at 1:1 w/v and  
70°C (Fig. 3B). In Fig. 3C, the H2O2 scavenging activity 
peaked at 58% under conditions of 20 min and 70°C and  
then declined beyond this point. Based on these results,  
the H2O2 scavenging activity was substantially influenced  
by extraction time, temperature and solid-to-liquid ratio. 

Moderate solid-to-liquid ratios favored higher activity, 
likely due to reduced dilution, whereas excessively low 
or high solvent volumes may have limited the extraction 
efficiency by reducing or increasing the effective 
transmission distance during extraction (Shen et al., 2023). 
H2O2 scavenging reflects the presence and activity of 
bioactive compounds such as anthocyanins and flavonoids  
(Le et al., 2019; Beladhadi et al., 2023). Therefore, the 
observed trends suggested a strong correlation between 
H2O2 scavenging activity and the levels of anthocyanins and 
flavonoids in the extracts. This was consistent with other 
findings showing that the solid-to-liquid ratio affected both 
the flavonoid yield and H2O2 scavenging activity (Duan  
et al., 2013; Biswas et al., 2023). Furthermore, the extraction 
time and temperature affected the extraction efficiency of the 
bioactive compounds. According to this finding, moderate 
extraction temperatures and time improved the yield of 
bioactive compounds, which contributed to enhancing  
the H2O2 scavenging activity. Chatzimitakos et al. (2023) 
reported a similar pattern, indicating that moderate extraction 
temperature (50–80°C) combined with appropriate extraction 
durations (60–120 min) enhanced the flavonoid and phenolic 
contents in Citrus limon peel, resulting in significant  
H2O2 scavenging activity (29.59–42.46 µmol ascorbic acid 
equivalents/g).

Fig. 3	 Response surface plot of effects of independent variables on percentage of hydrogen peroxide scavenging activity of Doi Saket purple rice extracts: 
(A) interaction between extraction time and solid-to-liquid ratio; (B) interaction between extraction temperature and solid-to-liquid ratio; (C) interaction 
between extraction temperature and time.
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Optimization and validation of extraction conditions

	 The optimized extraction conditions were obtained from  
the RSM model and are presented in Table 4. According to the 
analysis, the extraction factors influencing TAC, TFC and H2O2 
scavenging activity were identified in the following order: solid-
to-liquid ratio (X1) > extraction temperature (X3) > extraction 
time (X2). Under these conditions, the predicted values were 
131.83 mg/g for TAC, 38.62 mg QE/g for TFC and 83.75% for 
H2O2 scavenging activity. In order to verify the predicted value, 
the experiments were conducted under the suggested optimum 
conditions (solid-to-liquid ratio of 1:2 w/v, extraction time of  
40 min and extraction temperature of 70°C). It was found that the 
experimental validation under these conditions yielded 112.77 ± 2.34  
mg/g of TAC, 39.26 ± 0.35 mg QE/g of TFC and 75.06 ± 1.26% 
of H2O2 scavenging activity. Validation using the coefficient of 
variation (CV) showed values of 4.15% for TAC, 0.89% for 
TFC and 1.67% for H2O2 scavenging activity. This consistency 
was confirmed further by the paired t test, which revealed no 
significant difference between the predicted and experimental 
values, confirming the model’s reliabiliy for all response variables.

Conclusions

	 The extraction of bioactive compounds from Doi Saket 
purple rice using UAE was optimized using RSM. Based on 
the results, the solid-to-liquid ratio, extraction temperature and 
extraction time influenced the extraction efficiency of TAC, 
TFC and H2O2 scavenging activity, with the solid-to-liquid ratio 
identified as the most influential factor. The optimal extraction 
conditions were identified as a solid-to-liquid ratio of 1:2 w/v, 
extraction time of 40 min and an extraction temperature of 
70°C. Under these conditions, the experimental yields were 
112.77 ± 2.34 mg/g for TAC, 39.26 ± 0.35 mg QE/g for TFC 
and 75.06 ± 1.26% for H2O2 scavenging activity, consistent 
with the predicted values. These findings supported the potential 
application of Doi Saket purple rice extracts as sources of 
bioactive compounds for use in food and cosmetic products.

Table 4	 Predicted and experimental values of response variables under the optimum conditions
Optimum conditions Response Predicted value Experimental value CV p value
1:2 (weight per volume), 
40 min, 70°C

TAC (mg/g) 131.83 112.77 ± 2.34 4.15% 0.020
TFC (mg QE/g) 38.62 39.26 ± 0.35 0.89% 0.003
H2O2 scavenging activity (%) 83.75 75.06 ± 1.26 1.67% 0.015

TAC = total anthocyanin content; TFC = total flavonoid content; H2O2 = hydrogen peroxide; CV = coefficient of variation. 
Data shown as mean ± SD values, derived from three independent experiments (n = 3).
p < 0.05 denotes significant difference; p < 0.01 denotes highly significant difference.
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