
446 © 2017 Pharmacognosy Magazine | Published by Wolters Kluwer - Medknow

INTRODUCTION
Ampelopsis grossedentata  (Hand.-Mazz) W.T. Wang, a famous traditional 
Chinese herbal medicine, grows wildly in the southern region of China. 
The tea known as Rattan tea or vine tea is prepared from its stems and 
leaves.[1] It has been used for many years for the treatment of inflammation, 
fatty liver, tumor, diabetes, and hyperlipidemia.[2-4] Several pharmacological 
effects are mainly due to the antioxidant activity of Rattan tea. Recently, 
many active phenolic compounds have been isolated from Rattan tea 
such as dihydromyricetin, quercetin, myricetin, taxifolin, kaempferol, 
dihydrokaempferol, ampelopsin, resveratrol, and 5,7-dihydroxycoumarin.[5] 
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ABSTRACT
Background: Rattan tea is a medicinal plant that has been used 
for many years for the treatment of inflammation, fatty liver, tumor, 
diabetes, and hyperlipidemia. Objective: A  green and novel approach 
based on surfactant-mediated, ultrasonic-assisted extraction  (SM-UAE) 
was developed for the extraction of antioxidant polyphenols from 
Rattan tea. A  nonionic surfactant Tween-80 was selected as extraction 
solvent. The antioxidant activity was measured by total phenolic 
content  (TPC) and ferric-reducing/antioxidant capacity  (FRAC) assay. 
Materials and Methods: Optimization of extraction parameters 
including concentration of solvent, ultrasonic time, and temperature 
were investigated by response surface methodology. The antioxidant 
activity was measured by TPC and FRAC assay. Results: The optimal 
extraction conditions were determined as 6.8% (v/v) of aqueous Tween-80, 
ultrasonic temperature of 54°C, and ultrasonic time of 28.8  min. Under 
these conditions, the highest TPC value of 360.4 mg gallic acid equivalent 
per gram of dry weight material  (GAE/g DW) was recorded. Moreover, 
6.8%  (v/v) of aqueous Tween-80, ultrasonic temperature of 54.5°C, and 
ultrasonic time of 28.4 min were determined for the highest FRAC value 
of 478.2 μmol of Fe2+/g of weight material  (μmol Fe2+/g DW). Compared 
with other methods, the TPC and FRAC values of 313.5 mg GAE/g DW 
and 389.6 μmol Fe2+/g DW were obtained by heat reflux extraction using 
ethanol as solvent, respectively, and 343.2 mg GAE/g DW and 450.1 μmol 
Fe2+/g DW were obtained by UAE using ethanol as solvent, respectively. 
Conclusion: The application of SM-UAE markedly decreased extraction 
time or extraction cost and improved the extraction efficiency, compared 
with the other methods.
Key words: Antioxidant polyphenols, Rattan tea, response surface 
methodology, Tween-80 mediated extraction, ultrasonic-assisted 
extraction

SUMMARY
•  Surfactant-mediated ultrasonic-assisted extraction of antioxidant polyphenols 

from Rattan Tea
•  Response surface methodology used to optimize parameters and study 

combined effects

•  Optimized surfactant-mediated ultrasonic-assisted extraction process 

enhances the antioxidant phenolics extraction in less time.

Abbreviations used: SM-UAE: Surfactant-mediated  
ultrasonic-assisted extraction; TPC: total phenolic content;  
FRAC: Ferric reducing antioxidant capacity;  
RSM: Response surface methodology; BBD: 
Box-Behnken design.
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Among them, dihydromyricetin [Figure 1] is a main bioactive compound 
with a high level >30% in Rattan tea.[6] All of these phenolic compounds 
are responsible for the antioxidant activity of Rattan tea. Therefore, it is 
important to develop a simple, efficient, and economical extraction method 
to extract antioxidant polyphenols from Rattan tea.
Several conventional extraction methods such as heating reflux and 
Soxhlet extraction were used to extract antioxidant polyphenols from 
different medicinal plants. However, these conventional extraction 
techniques have several disadvantages such as the consumption of 
lots of time, energy, and organic solvent but low recovery rate and 
loss of target compounds due to degradation because these techniques 
required long time and high temperature.[7,8] Recently, various novel 
extraction techniques have been developed for the extraction of 
antioxidant polyphenols from different medicinal plants including 
ultrasonic-assisted extraction  (UAE), microwave-assisted extraction, 
supercritical fluid extraction, and pressurized solvent extraction.[9-12] 
Among these techniques, UAE is an inexpensive, simple, and more 
efficient alternative to conventional extraction methods.[13,14] However, 
the expensive and toxic organic solvents, such as methanol and ethanol, 
are also used as extraction solvent. Therefore, a high green, more accurate 
and efficient alternative extraction solvent system is of great interest 
for the enhancement of recovery rate and health protection nowadays. 
Surfactant-mediated extraction has been recognized as a novel method 
to extract bioactive compounds.[15,16] Surfactants, amphiphilic molecules 
with a hydrophilic head and hydrophobic tail, are also known as surface 
active agents.[17] When the concentration of surfactant is present at or 
above its critical micelle concentration, the micelles will be formed.[18] 
Moreover, these micelles can soluble different type of hydrophilic and 
lipophilic compounds and enhance the transfer of target material 
into micelle which results in a high extraction yield and recovery.[19,20] 
Surfactant-mediated extraction could be assumed as a cheap, rapid, and 
green method.
The main purpose of this study was to develop a rapid and highly 
accurate surfactant-mediated extraction method combined with 
UAE for the extraction of antioxidant polyphenols from Rattan tea. 
Tween-80, a nonionic, nontoxic, and edible surface active agent was 
preferred as extraction solvent. The influence of different parameters 
on the extraction efficiency such as Tween-80 concentration, liquid to 
material ratio, ultrasonic time, and temperature were investigated and 
optimized by response surface methodology (RSM) with Box–Behnken 
design (BBD).

MATERIALS AND METHODS
Chemical reagents and plant material
The compounds gallic acid, sodium carbonate, iron sulfate 
heptahydrate, iron chloride hexahydrate, Folin-Ciocalteu’s phenol 
reagent were obtained from Sigma Chemicals Co.  (St. Louis, MO, 
USA). 1,10-phenanthroline, emulsifier (OP-10), detergent  (NP-10), 
polysorbate 80 (Tween 80), Triton-114 were provided from TianKe Co., 
Ltd. (Suzhou, China). All other chemical reagents used in experiments 

were of analytical grade and doubly distilled water was used throughout 
the experiment.

Sample preparation
Rattan tea  (stems and leaves of A. grossedentata) was purchased from 
Wangsheng Commercial Co., Ltd.  (Zhangjiajie, China). Samples were 
ground into about 40-mesh powder.

Tween-80 mediated ultrasonic-assisted extraction
The ultrasonic-assisted Tween-80-mediated extraction was performed in 
a ultrasonic device  (KQ-250DB, Kunshan Ultrasonic Co. Ltd., China) 
with a fixed frequency of 40  kHz, electric power of 200 W equipped 
with a temperature controller, and a digital timer. For extraction using 
RSM, fixed liquid to material ratio 30  mL/g was used. Sample  (1.0  g) 
was extracted under these various conditions: Tween-80 concentration 
ranging from 5% to 9%, ultrasonic time from 25 to 35 min, and ultrasonic 
temperature from 40°C to 60°C. After extraction, the mixtures were 
centrifuged at 10,000 rpm for 10 min to remove the insoluble materials, 
and the supernatants were collected for the antioxidant activity and 
phenolic content determination.
For comparison, in UAE, 2.0 g sample was extracted using 60 mL of 70% 
ethanol, at 50°C for 30 min. In heating reflux method, 2.0 g sample was 
extracted with 60 mL of 70% at 80°C for 120 min.

Determination of total phenolic content
The amount of total phenolics content was determined using 
Folin–Ciocalteu method with gallic acid as a standard.[21] Briefly, 200 μL of 
each suitable diluted extract was added to 0.5 mL of the Folin–Ciocalteu 
reagent, the mixture was shaken and allowed to stand. After 5 min, 2 mL 
of 20% sodium carbonate solution was added. The reaction solution was 
then adjusted with distilled water up to a final volume of 10 mL. After 
120  min of incubation in dark at room temperature, the absorbance 
was measured at 760  nm. The total phenolic content  (TPC) was 
expressed as milligram of gallic acid equivalent per gram of dry weight 
material (mg GAE/g DW).

Ferric-reducing antioxidant capacity
In the recent years, a lot of methods have been developed for evaluation 
of the antioxidant capacity of phenolics such as ABTS, DPPH, FRAP, 
CUPRAC, and total antioxidant activity assay.[22-24] In contrast to other 
methods, ferric-reducing antioxidant capacity (FRAC) method has been 
confirmed to be a cheap, simple, precise, stable, and closely correlated 
method with the TPC.[25]

The FRAC of extract was determined according to the method 
of 1,10-phenanthroline[22] with minor modification. In this case, 
200 μL of each suitable diluted extract was mixed with 0.5 mL of 0.5% 1, 
10-phenanthroline solution in methanol, and 1 mL of 0.2% FeCl3 solution 
in methanol. The reaction solution was then adjusted with methanol 
up to a final volume of 10 mL. The reaction mixture was kept at room 
temperature in dark for 20  min, and then absorbance was measured 
at 510  nm. The result was expressed as μmol of Fe2+/g of weight 
material (μmol Fe2+/g DW).

Recovery of antioxidant polyphenols by 
cloud-point preconcentration
The antioxidant polyphenols phenolics from Rattan Tea could be 
recovered by cloud-point preconcentration method.[26] In this method, 
10 mL of extracted supernatant was transferred into a 25 mL centrifuge 
tube. Then, the 5  g sodium chloride was added and mixed violently 
for 5 min. The aqueous solution was kept in a controlled temperature 

Figure 1: Chemical structure of dihydromyricetin
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bath for 20 min at 70°C. Separation of the two phases was achieved by 
centrifuging for 10 min at 4000 rpm. The upper phase was obtained and 
diluted with methanol for determination of TPC and FRAC.

Experimental design
RSM was employed to optimize the extraction conditions for antioxidant 
polyphenols from Rattan tea. Tween-80 concentration (X1, %), ultrasonic 
time (X2, min), and ultrasonic temperature (X3, °C) were preferred for 
independent variables related to two response values of TPC and FRAC. 
A three-level three-variables BBD was applied in this study. The variables 
and their levels, with both coded and natural values are presented in 
Table 1. Regression analysis was performed based on experimental data 
from BBD and fitted to a second-order polynomial model (Equation 1).

∑ ∑ ∑∑
3 3 2 3

2
0 i i ii i ij i j

i =1 i =1 i=1 j= i +1

= + + +  Y A A X A X A X X

Where Y is response, A0 is intercept, Ai is coefficient of variable for linear, 
Aii is coefficient of variable for quadratic and Aij is coefficient of variable 
for interaction term. Xi and Xj are independent variables.
The experimental data were analyzed using a statistical package, 
Design-Expert version 8.0.5b, (Stat-Ease Inc., Minneapolis, MN, USA). 
The adequacy of the model was evaluated by the lack of fit, coefficient 
of determination  (R2), Fisher’s test value  (F-value) generated from the 
analysis of variance (ANOVA) analysis (P < 0.05).

RESULTS AND DISCUSSION
Single-factor optimization for extraction
In this study, five key parameters including effect of extraction solvents, 
Tween-80 concentration, ultrasonic time, liquid to material ratio, and 
ultrasonic temperature were picked out for investigation. The results 
are shown in Figure 2. The effect of extraction solvents on the TPC and 
FRAC values is shown in Figure 2a. It was observed that Tween 80 as 
extraction solvent showed highest TPC and FRAC values as compared 
to water, OP-10, NP-10, and Triton-114., Moreover, It is well versed 
that Tween-80 is a nontoxic reagent and is considered to be edible by 
the USFDA.[27] The high hydrophilic-lipophilic balance  (HLB) value 
of Tween-80  (HLB = 15.0) signified its high water solubility and high 
dissolving capacity of target compounds. Therefore, Tween-80 was 
chosen as extraction solvent for further experiment.[28] From Figure 2b, 
it was revealed that 7% of Tween-80 resulted in highest TPC and FRAC 
values. Moreover, the concentration of Tween-80 above 7% resulted in 
a decrease of TPC and FRAC values. This could be due to the higher 
viscosity that creates a difficulty for transferability of the antioxidant 
polyphenols from Rattan tea to surfactant phase.[29] The effect of liquid 
to material ratio on the TPC and FRAC values are shown in Figure 2c. 
When the liquid to material ratio increased from 15 mL/g to 35 mL/g, 
the TPC and FRAC values increased and then decreased slowly. The 
maximum of TPC and TAC values were obtained at 30 mL/g, but had 
no significant difference compared with 25 mL/g or 35 mL/g. This result 
indicating that there was no significant influence of liquid to material 
ratio on TPC and FRAC values. The effect of ultrasonic time on the 
TPC and FRAC values is shown in Figure 2d. It was observed that the 

TPC and FRAC values reached to a maximum level at 30 min and then 
declined. Thus, the optimal ultrasonic time was chosen as 30 min. The 
effect of ultrasonic temperature on the TPC and FRAC values is shown in 
Figure 2e. Enhancing the ultrasonic temperature from 20°C to 60°C, the 
TPC and FRAC values increased and then declined rapidly. The highest 
TPC and FRAC values were obtained at 50°C. According to the single 
factor results, the effects of Tween-80 concentration, ultrasonic time, 
and ultrasonic temperature were more significant on the TPC and FRAC 
values. Hence, these three parameters were preferred for optimizing the 
Tween-80-mediated UAE of antioxidant polyphenols from Rattan tea 
using RSM [Table 1].

Fitting the models
The two different response values of TPC and FRAC obtained from 
experimental design set are shown in Table  2. The TPC and FRAC 
values of surfactant-mediated extract of Rattan tea varied from 293.7 
to 354.4  mg GAE/g DW and from 396.5 to 475.6 μmol Fe2+/g DW, 
respectively. Among these 15 experiments, experiment 13  (Tween-80 
concentration 7%, ultrasonic time 30  min, ultrasonic temperature 
50°C) represented the highest TPC and FRAC values while experiment 
7  (Tween-80 concentration 9%, ultrasonic time 30  min, ultrasonic 
temperature 40°C) produced the least TPC and FRAC values.
The ANOVA is shown in Table  3. According to the results, it was 
observed that quadratic polynomial models were highly significant 
with the low P values of 0.0004 and 0.0019 (both P < 0.01) for TPC and 
FRAC, respectively. The F values of 40.98 for TPC and 20.95 for FRAC 
suggested that the significant of the models were higher than 95% of 
confidence level. The high value of coefficient of determination (R2) for 
TPC and FRAC (0.9866 and 0.9742, respectively) as well as R2

adj (0.9626 
and 0.9277, respectively) indicated that there is a good correlation 
between the experimental and predicted values. Hence, there was only 
3.74% and 7.23% of the total variation for TPC and FRAC, respectively. 
Furthermore, no significant of lack of fit (P = 0.3919 and 0.2972 > 0.05) 
for the two models indicated the well reproducibility of the experimental 
data.[30]

Response surface analysis of total phenolic content
The experimental data were analyzed through multiple regression 
analysis. The regression equation asserting the relationship between 
Tween-80 concentration, ultrasonic time, and ultrasonic temperature. 
TPC value was obtained according to (Equation 2) as given below:
YTPC =  351.03 − 6.52 X1 − 5.13 X2 + 8.47 X3 − 1.63 X1 X2 + 0.43 X1 X3 

− 2.82 X2 X3 − 28.10 X1
2 − 12.30 X2

2 − 11.40 X3
2 (2)

The significant of each coefficient was checked by F values and P values 
and the results were shown in Table 3. The TPC value was significantly 
influenced by three linear (X1, X2, X3) and three quadratic (X1

2, X2
2, X3

2) 
parameters as P < 0.01. However, the interaction effect of X1X2, X1X3, and 
X2 X3 were not significantly influenced on the TPC value due to higher 
P value (P > 0.05).
To investigate the interactive effects of variables for the TPC value, 
three-dimensional surface plots were constructed according to 
Equation 2. Figure  3 showed the effect of Tween-80 concentration, 
ultrasonic time, ultrasonic temperature, and their mutual interaction 
on TPC value. These three variables exhibited significant quadratic 
effects in response of TPC value, which indicated that an increase in the 
effects near the midpoint resulted in the highest TPC value. However, 
the TPC value was negatively affected when the Tween-80 concentration 
and ultrasonic time were increase beyond the midpoint  (Equation 2). 
The TPC value was positively affected when the ultrasonic temperature 
was increased beyond the midpoint up to about 55°C. These effects 
showed that the higher concentration of Tween-80 inhibits the transfer 

Table 1: Coded and uncoded levels of independent variables used for 
Box-Behnken design (BBD)

Independent variable Code units Coded levels

−1 0 1
Tween-80 concentration (%) X1 5 7 9
Ultrasonic time (min) X2 25 30 35
Ultrasonic temperature (℃) X3 40 50 60
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Table 2: Experiment design of three levels, three variables Box–Behnken experimental design and their responses, including Total Phenol Contents (TPC) and 
Ferric-Reducing Antioxidant Capacity (FRAC)

Independent variable TPC (mg GAE/g DW) FRAC(μ mol Fe2+/g DW)

Run X1(%) X2(min) X3(℃) Experimental 
value

Predicted  
value

Experimental  
value

Predicted  
value

1 −1 −1 0 320.6 320.65 435.2 434.95
2 −1 1 0 313.7 313.65 421.7 422.25
3 −1 0 −1 307.6 310.00 412.2 417.10
4 −1 0 1 328.5 326.10 442.8 438.70
5 1 −1 0 310.8 310.85 421.7 421.15
6 1 1 0 297.4 293.35 404.1 404.35
7 1 0 −1 293.7 296.10 396.5 400.60
8 1 0 1 316.3 313.90 430.6 425.70
9 0 −1 −1 323.6 321.15 441.5 436.85
10 0 −1 1 341.4 343.75 460.9 465.25
11 0 1 −1 318.9 316.55 430.4 426.05
12 0 1 1 325.4 327.85 439.7 444.35
13 0 0 0 354.4 351.03 475.6 470.73
14 0 0 0 348.6 351.03 466.4 470.73
15 0 0 0 350.1 351.03 470.2 470.73

Figure 2: Effect of Tween-80 concentration, Liquid to material ratio, ultrasonic time and temperature on the responses. Extraction conditions were set as 
follows: (a) 25 mL/g, 25 min, (b) 25 mL/g, 25 min, 50°; (c) 7 % Tween-80, 25 min, 50°; (d) 7 % Tween-80, 25 mL/g, 50°; and (e) 7 % Tween-80, 25 mL/g, 25 min

c

ba

d

e
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of antioxidant polyphenols from Tween-80-mediated extract because 
of the increase in viscosity. Moreover, due to longer ultrasonic time, 
impurities dissolve into solvent leading to the decrease of TPC value. 
The increase in extraction temperature to an appropriate level accelerates 
mass transfer and thus improves the TPC value.

Response surface analysis of ferric-reducing 
antioxidant capacity
Equation 3 showed the relationship between Tween-80 concentration, 
ultrasonic time, ultrasonic temperature, and FRAC value. Figure  3 

Table 3: Analysis of variance (ANOVA) of the quadratic model and lack of fit

Source TPC FRAC

DF Sum of squares F P DF Sum of squares F P
Model 9 4737.83 40.98 0.0004*** 9 7774.37 20.95 0.0019**
Linear 3 3
X1 1 340.60 26.52 0.0036** 1 435.12 10.55 0.0227*
X2 1 210.13 16.36 0.0099** 1 502.44 12.18 0.0175*
X3 1 574.60 44.73 0.0011** 1 1090.44 26.44 0.0036**
Square 3 3
X12 1 2916.35 227.04 <0.0001*** 1 4873.14 118.16 0.0001***
X22 1 558.99 43.52 0.0012** 1 695.96 16.88 0.0093**
X32 1 480.20 37.38 0.0017** 1 711.25 17.25 0.0089**
Interaction 3 3
X1×X2 1 10.56 0.82 0.4061 1 4.20 0.10 0.7625
X1×X3 1 0.72 0.056 0.8219 1 3.06 0.074 0.7961
X2×X3 1 31.92 2.49 0.1757 1 25.50 0.62 0.4673
Residual 5 64.23 5 206.21
Lack of fit 3 46.10 1.70 0.3919 3 163.46 2.55 0.2942

R2=0.9866 R2
adj=0.9626 R2=0.9742 R2

adj=0.9277
*Significant at 0.05 level; **Significant at 0.01 level; ***Significant at 0.001 level

Figure 3: Response surface plots of Rattan tea showing the effects of (a) Tween-80 concentration and ultrasonic time, (b) Tween-80 concentration and 
ultrasonic temperature, (c) ultrasonic time and ultrasonic temperature on TPC

c

ba
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mass transfer rate.[7] A further increase in temperature resulting in 
decreased value of FRAC due to the thermal degradation of antioxidant 
polyphenols.[31,32]

YFRAC =  470.73 − 7.37X1 − 7.93X2 + 11.68X3 − 1.03X1X2 + 0.87X1X3 
− 2.52 X2X3 − 36.33X1

2 − 13.73X2
2 − 13.88X3

2 (3)

Verification of predictive models and optimization 
of process
The object of this study was to optimize the Tween-80-mediated UAE 
conditions with maximum TPC and FRAC values from Rattan tea. 
The optimum extraction conditions obtained from the models were 
as follows: 6.8%  (v/v) aqueous Tween-80, ultrasonic temperature 
54°C, and ultrasonic time 28.8 min for the TPC value and 6.8% (v/v) 
aqueous Tween-80, ultrasonic temperature 54.5°C, ultrasonic time 
28.4 min for the FRAC value. The predicted values (TPC 353.708 mg 

showed the effect of the three variables on FRAC value. The FRAC 
value [Table 2] was significantly influenced by linear effect of ultrasonic 
temperature  (P  <  0.01) while significantly influenced by Tween-80 
concentration and ultrasonic time  (P  <  0.05). The FRAC value was 
significantly influenced by quadratic effects of three variables. Similar 
to the TPC value of extract, the interactive effects of the three variables 
were not significantly influenced on the FRAC value (P > 0.05).
The three-dimensional surface plots of FRAC value  [Figure  4] are 
similar to the TPC. The FRAC value increased up to the highest 
level by increasing the Tween-80 concentration and ultrasonic time 
up to midpoint but subsequently decreased quickly. This suggested 
that the interaction between FRAC value, Tween-80 concentration, 
and ultrasonic time was suitable at a set of conditions. An increase 
in temperature from about 40 to 55°C induced a consistent increase 
in the FRAC value. This phenomenon was due to improvement in 

Table 4: Comparison of experimental results with predicted results obtained by the fitted model and the results obtained by the other common methods

Extraction methods A B C D E TPC FRAC

type % min ℃ mL/g mg/g µmol/g
SM-UAE Tween-80 6.8 28.8 54 30 360.4 -
SM-UAE Tween-80 6.8 28.4 54.5 30 - 478.2
UAE Ethanol 70 30 50 30 343.2 450.1
RE Ethanol 70 120 80 30 313.5 389.6

SM-UAE: Surfactant-mediated ultrasonic-assisted extraction; UAE: Ultrasonic-assisted extraction; TPC: Total phenolic content; FRAC: Ferric-reducing antioxidant 
capacity

Figure 4: Response surface plots of Rattan tea showing the effects of (a) Tween-80 concentration and ultrasonic time, (b) Tween-80 concentration and 
ultrasonic temperature, (c) ultrasonic time and ultrasonic temperature on FRAC

c

ba
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GAE/g DW and FRAC 474.976 μmol Fe2+/g DW) agreed well with 
the experimental values  (TPC 360.4  mg GAE/g DW and FRAC 
478.2 μmol Fe2+/g DW), which validated the suitability of the fitted 
response surface model. Hence, a good correlation between these 
results showed well adequacy of the response surface model with 
expected optimization [Table 4]. Furthermore, when compared with 
other methods such as UAE and heating reflux method [Table 4], the 
application of Tween-80-mediated UAE of antioxidants markedly 
improved the extraction efficiency.

Recovery of antioxidant polyphenols by 
cloud-point preconcentration
The antioxidant polyphenols from Rattan tea could be recovered by 
cloud-point preconcentration method. The results were shown in 
Figure 5. Under the condition of 20%(m/v) NaCl and equilibration at 
70°C for 20  min, the high recovery of 82.9% and 83.2% for TPC and 
FRAC values were obtained, respectively.

CONCLUSION
Surfactant-mediated extraction has been proved to be a low cost and 
eco-friendly method offering a beneficial alternative to the conventional 
extraction method. In this paper, a Tween-80-mediated UAE method 
has been applied for the extraction of antioxidant polyphenols from 
Rattan tea. The three key parameters including Tween-80 concentration, 
ultrasonic time, and ultrasonic temperature extraction were successfully 
optimized by response surface methodology. The R2 values of the second 
order polynomial models for TPC and FRAC were 0.9866 and 0.9742, 
respectively, which represented a well fit to the quadratic models. The 
optimal conditions for obtaining maximal TPC value of 360.4 mg GAE/g 
DW, defined to be 6.8% of Tween-80 concentration, 54°C of ultrasonic 
temperature, and 28.8 min of ultrasonic time. Similarly, 6.8% of Tween-80 
concentration, 54.5°C of ultrasonic temperature, and 28.4 min ultrasonic 
time were optimal conditions to obtain maximal FARC value of 478.2 μmol 
Fe2+/g DW. Under the condition of 20%  (m/v) NaCl and equilibration 
at 70°C for 20 min, the high recovery of 82.9% and 83.2% for TPC and 
FRAC values were obtained, respectively. These results confirmed that 
Tween-80-mediated UAE is a green, fast, reliable, and economical tool for 
the extraction of phenolic antioxidants from Rattan tea.
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