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Abstract. The aim was to establish a method for extracting polyphenols from Toona sinensi Seeds 
(PTSS) and evaluate antioxidant properties. The study selected the polyphenols extraction yield as 
processing parameters and volume fraction, ratio of liquor to material, extraction time and 
extraction power as independent variables and was carried out by response surface 
methodology(RSM).The optimal ultrasound-assisted extraction (UAE)yield of 2.64mg/g was 
obtained with a volume fraction of 43%,a ratio of liquor to material of 19:1,an extraction time of 13 
min and the use of 211w ultrasonic power. PTSS has a certain antioxidant capacity in vitro. The 
UAE is stable and reliable. The results indicate that Toona Sinensis Seeds is a medical and edible 
dual purpose material with potential antioxidant properties. 

Introduction 
Toona sinensisis extensively distributed in China. Its chemical compositions mainly include 

polyphenols, saponins, alkaloids[1].PTSS have antioxidant effects[2],lowers blood sugar 
levels[3],anti-inflammatory[4], improve function of nerve cells and endothelial cells[5-6], et al. 
Polyphenols are antioxidant phytochemicals and own both singlet oxygen quenching activity and 
radical scavenging activity[7].Although studies demonstrated Toona Sinensis Seeds contains 
polyphenols[1], little is known about antioxidant activities of PTSS. 

UAE is characterized by short extraction time, high efficiency, simple operation and low 
price[8].The response surface function and contour are analyzed in order to study the relationship 
between factors, as well factor and response surface. RSM is adopted for UAE of PTSS. It makes a 
study on the in vitro antioxidant activity of PTSS, and lays a foundation for exploitation of Toona 
Sinensis Seeds and its activity evaluation. 

Instrument and Reagent 
SCIENTZ-IID ultrasonic cell crusher (Ningbo Scientz Biotechnology Co., Ltd.), UV8000 

UV-visible spectrophotometer (Shanghai Precision Instrument Co., Ltd.), Electronic analytical 
balance EL204 (Mettler-Toledo Instruments Shanghai Co., Ltd.). 

Toona Sinensis Seeds (Jinan Shengke Technology Development Co., Ltd.); Gallic acid (National 
Institutes for Food and Drug Control), Total antioxidant capability（T-AOC）and superoxide anion 
kits (Nanjing Jiancheng Bioengineering Institute). DPPH (St. Louis, MO, USA).  

Methods 
Detection of polyphenols content [9]. Different volumes(0, 20, 50, 100, 150, 200, 250μL) of 

garlic acid at 0.2mg/mL were measured and added to water to 250μL.Exactly 0.4mL of folin-phenol 
reagent was added into the solution and placed for 1min.Sodium carbonate solution(0.4mL, 10%) 
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and water (4.0mL) were added, and mixture was shaken. The absorbance was detected at 760nm 
after 20min.With the content of garlic acid control as horizontal coordinate and the absorbance as 
vertical coordinate, the standard curve was drawn. 

Ultrasound-assisted Extraction. Single factor investigation. 2.0g seeds are weighed and the 
effects on extracting polyphenols of ethanol volume fraction(30, 40, 50, 60, 70%), ratio of liquor to 
material (10:1, 20:1, 30:1, 40:1, 50:1), extraction time(5, 10, 15, 20, 25min) and extraction 
power(100, 150, 200, 250, 300w) were investigated by parallel laboratory tests. 

RSM for optimization of extraction process. Based on single factor, take three levels of each 
factor, measurement would be content of polyphenols. Design-Expert software is adopted to 
establish a mathematical model and optimize UAE parameters. 

Antioxidant activity in vitro. Determination of total antioxidant capacity. T-AOCkit and 
microplate were used for quantitative assay. Polyphenols were dissolved with ethanol, with 
concentration (mg/mL) as horizontal coordinate and absorbance as vertical coordinate, Vc was used 
for positive control. 

Determination of DPPH radical scavenging. DPPH was dissolved with ethanol and diluted with 
ethanol to be 0.2 mmol/L[10].During the reaction, DPPH solution of the same volume was added 
and placed away from light for 15min. The absorbance was detected at 515nm. 

Determination of PTSS capability of scavenging O2‒. The anti-superoxide anion radical kit and 
xanthine oxidase method were used with Vc as standard to determine the capability of scavenging 
superoxide anion radicals. 

Statistical Analysis. Experiments were conducted in triplicate and statistical analyses were 
carried out according to SPSS 15.0. Differences were considered significant with p < 0.05. 
Results 

Establishment of standard curve. It shows a good linear correlation in the concentration range 
of garlic acid from 0 to 2.0mg/ml, the regression equation: y=0.513x+0.0031, r=0.9996.  

Single Factor Investigation. Influence of ethanol volume fraction on yield of PTSS. With the 
increase of ethanol volume fraction, the extraction yield of PTSS firstly increases and then 
decreases. When volume fraction is 50%, extraction yield reached the maximum. 

Influence of ratio of liquor to material on yield of PTSS. PTSS extraction yield firstly increases 
and then decreases with the increase of ratio of liquor to material. It was observed that the 
extraction yield of PTSS was maximum at a liquor to material ratio of 20:1 (v/w).  

Influence of extraction time on yield of PTSS. PTSS extraction yield firstly increases and then 
decreases with the increase of extraction time. When the extraction time is 15min, PTSS extraction 
yield is the maximum.  

Influence of extraction power on yield of PTSS. With the increase of ultrasonic power, PTSS 
extraction yield firstly increases and then decreases. When the power is 200W, PTSS extraction 
reached the maximum. 

RSM for the optimization of extraction process. Modeling and fitting the model using RSM. 
The design and response data for PTSS yield are presented in Table 1, 2.The regression coefficients 
of the intercept, linear, quadratic and interaction terms of the model are given in Table 3. 
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Table 1. Variables and their levels 

Variables 

 Levels  

-1 0 1 

Ethanol volume fraction(%) 40 50 60 

Ratio of liquor to material 10:1 20:1 30:1 

Extraction time(min) 10 15 20 

Extraction power(w) 150 200 250  
 

Table 2. Experimental and predicted values of PTSS 
Run A B C D Yield  

1 0 1 0 1 2.258 
2 0 0 0 0 2.597 
3 1 0 0 1 2.068 
4 0 0 0 0 2.600 
5 -1 0 0 1 2.279 
6 1 0 0 -1 1.702 
7 0 -1 0 1 1.638 
8 1 0 1 0 2.284 
9 0 0 0 0 2.583 

10 0 0 -1 1 2.301 
11 0 -1 0 -1 1.691 
12 0 1 -1 0 1.961 
13 -1 -1 0 0 2.103 
14 0 0 0 0 2.562 
15 0 1 1 0 2.144 
16 0 0 0 0 2.632 
17 0 -1 1 0 1.790 
18 -1 0 0 -1 1.965 
19 1 1 0 0 2.091 
20 0 0 -1 -1 1.371 
21 -1 0 1 0 2.104 
22 -1 1 0 0 2.301 
23 1 -1 0 0 1.834 
24 0 1 0 -1 1.524 
25 1 0 -1 0 1.808 
26 0 0 1 1 1.767 
27 0 -1 -1 0 2.078 
28 0 0 1 -1 2.004 
29 -1 0 -1 0 2.465  
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Table 3. Analysis of variance for the regression equation 

source sum of squares df mean square F value p value significance 
model 3.32 14 0.24 152.55 < 0.0001 *** 

A-Ethanol volume 0.17 1 0.17 109.61 < 0.0001 *** 

C-Extraction time 0.000997 1 0.000997 0.64 0.4364  

D-Extraction power 0.35 1 0.35 226.37 < 0.0001 *** 

AB 0.000870 1 0.000870 0.56 0.4666  

AC 0.18 1 0.18 112.62 < 0.0001 *** 

AD 0.000676 1 0.000676 0.43 0.5202  
BC 0.055 1 0.055 35.6 < 0.0001 *** 
BD 0.15 1 0.15 99.61 < 0.0001 *** 
CD 0.34 1 0.34 218.98 < 0.0001 *** 
A^2 0.15 1 0.15 96.9 < 0.0001 *** 
B^2 0.8 1 0.8 513.92 < 0.0001 *** 
C^2 0.47 1 0.47 300.25 < 0.0001 *** 
D^2 1.35 1 1.35 871.46 < 0.0001 *** 

Residual 0.022 14 0.00155    

Lack of Fit 0.019 10 0.00191 2.92 0.157  

Pure Error 0.00263 4 0.000656    

Cor Total 3.34 28     

 R2=0.9935 R2ADj=0.9870   
It was shown quadratic parameters were highly significant at the level of p < 0.01, the order of 

extraction rate influenced by the factors is extraction power (D)>volume fraction(A)>ratio of liquor 
to material (B)>extraction time (C),the final predictive equation was obtained as follows, 
Y=2.59-0.12A+0.095B+0.009C+0.17D+0.015AB+0.21AC+0.013AD+0.12BC+0.2BD-0.29CD-0.1
5A2-0.35B2-0.27C2-0.46D2. 

The regression equation F is 152.55, p<0.0001, indicating that the regression model is significant, 
correlation coefficient R2=0.9935,illustrate the model has good fitting, correlation of multiple 
correlation coefficient R2Adj=0.9870, indicating the model can explain 98.70% of changes in 
response.  

RSM Analysis. Three dimensional response surface profiles of multiple non-linear regression 
models were plotted. Contour and response surface graph are drawn according to the regression 
equation shown in Fig. 1.Each combination of AC, BC, BD, CD can affect the polyphenols 
extraction yield. When the response value reaches the extremes, the response value will decrease 
with the increase of factor. 
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Fig. 1. Contour plots and response surface showing the effects of ethanol volume fraction, extraction time, ratio of 

liquor to material, extraction power on the PTSS extraction 
The interaction between extraction time and power is oval in contour picture, and its response 

surface graph has steep surfaces, indicating that it has significant effect on PTSS yield. The 
interactions are oval in contour picture and response surface graphs have steep surfaces except for 
AB and AD, indicating they have significant effect on PTSS yield. 

Process Optimization. The conditions for UAE are as follows, volume fraction is 43%,ratio of 
liquor to material is 19,extraction time is 13 min, extraction power is 211W, polyphenols extraction 
yield is 2.64 mg/g. 

Antioxidant Activity in Vitro. Determination of total antioxidant capacity. The T-AOC 
increased with increase of concentration in the range of 0 to 1.5 mg/mL. The trends that tend to 
level out by exceeding 1.5mg/mL with the increasing of the concentration. It can provide a material 
base for efficiently separating and purifying natural antioxidants. 

DPPH and O2‒ Scavenging Method. The IC50 values of PTSS and ascorbic acid on DPPH 
radicals and superoxide anion radicals were detected shown in Table 4.The results indicates that 
PTSS can scavenge DPPH and O2‒.  

Table 4. IC50 of PTSS on DPPH and O2‒ 

Indexes IC50 

 PTSS VC 

DPPH (μg/mL) 16.19 ± 1.28 5.13 ± 0.69 

O2‒ (μg/mL) 95.47± 2.61 36.27 ± 1.62 

Summary and Discussion 
The anti-oxygenation could be ascribed to phenolic compounds, such as phenolic acids, tannins, 

flavonoids and phenolic diterpenes[11].PTSS have potential antioxidant capability and scavenging 
effect in removing DPPH and O2‒,it provides a basis for the discovery and rational use of 
plant-derived antioxidants. The study suggests the extracts are latent nutritional antioxidants. 
Further study is required to isolate and identify the antioxidant polyphenol compounds from ethanol 
extracts of PTSS. 
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