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Abstract 
Ionic liquid based ultrasonic-assisted extraction (ILUAE) was successfully ap-
plied to extract Oleanolic acid (OA) from grape seeds. Different kinds of 
1-alkyl-3-methylimidazolium ionic liquids with different kinds of cations and 
anions were studied and 1-butyl-3-methylimidazolium chloride ([C4mim]Cl) 
solution was selected as extractants. The optimal conditions of ILUAE were 
determined by single factor experiments and Box-Behnken design as follows: 
[C4mim]Cl concentration of 0.7 mol/L, extraction time of 4 h, liquid-solid ra-
tio of 15:1 mL/g, ultrasonic power of 195 W, the ultrasonication time of 13 
min, and extraction temperature of 48˚C·min. The extraction yield of OA was 
13.4 mg/g, which is well in close agreement with the value predicted by the 
model. Compared with the regular ultrasonic-assisted extraction (UAE), the 
proposed approach exhibited 1.64 times higher efficiency, which indicated 
that ILUAE has a broad prospect for sample preparation of the bioactive 
compounds. 
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1. Introduction 

The total production of grapes worldwide is about 60 million·tons per year, par-
ticularly in France, Italy, the USA and China. Approximately 80% of this harvest 
is used in wine production, with the remaining 20% of the processed grape being 
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waste [1] [2]. Grape seeds are by-products of the wine and grape juice industry. 
These seeds contain lipid, protein, carbohydrate, polyphenols and triterpenoids 
[3] [4] [5]. Triterpenoids are important due to their high medicinal value; and 
oleanolic acid (OA) which is triterpenoid is major active substance. Figure 1 
shows the chemical structure of oleanolic acid. Many researchers have studied 
the beneficial effects of OA in grapes and wines on human health [6]. These 
benefits include antioxidant activity [7], anti-inflammatory [8], anticancer activ-
ity [9], and others [10]. 

Different techniques have been employed for the extraction of OA such as 
heat reflux, hydrotropic extraction, microwave assisted extraction, and super-
critical fluid extraction [11] [12]. Heat reflux extraction and maceration extrac-
tion techniques have drawbacks of requiring longer extraction time and rela-
tively large volumes of solvents. Supercritical fluid extraction method requires 
expensive high pressure equipment and may also require organic solvents as 
co-solvents for complete extraction of the bioactives. Therefore, in recent years 
there is an increasing demand for new eco-friendly extraction techniques with 
shorter extraction time, maximum extraction efficiency and with reduced re-
quirement of organic solvents. 

In this study, we report an ionic liquid based ultrasonic-assisted extraction 
(ILUAE) as an alternative method for the recovery of OA. An ionic liquid (IL) as 
a design green solvent is regarded as an attractive alternative or replacement to 
conventional volatile organic solvent. Ionic liquids (ILs) are low melting point 
salts composed entirely of ions. They have negligible volatility, low flammability, 
chemical stability, good environmental benignity, good solubility for organic 
compounds, and they are miscible with water. Moreover, a large number of 
possible variations in cation and anion features allowing the fine-tuning of the 
IL properties [13] [14]. IL based materials interact with analytes through anion 
exchange, hydrogen bonding and hydrophobic interaction [15]. The extraction 
of bioactive compounds from plants using ILs is promising as a green method, 
in reducing the environmental pollution and improving the selectivity and ex-
traction yields of interesting compounds in sample pretreatment processes  
 

 
Figure 1. Chemical structure of oleanolic acid. 
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compared to conventional organic solvents. IL-assisted sample pretreatment 
techniques such as aqueous biphasic systems [16], liquid-liquid extraction [17], 
liquid-phase microextraction [18] and solid-phase microextraction [19] have al-
so been reported. Many researchers have used ILs as solvents for the extraction 
of the aromatic sulfur compounds [20], henolic compounds [21], flavonoids 
from Chamaecyparis obtuse leaves [22]. 

Ultrasound-assisted extraction has been successfully used for the extraction of 
the bioactive constituents from the plant materials [23] due to advantages of 
high reproducibility, reduction in extraction time and minimum solvent con-
sumption, temperature and energy output. Recently, ILUAE has been developed, 
combining the advantages of UAE and beneficial properties of ILS. Therefore, 
the ILUAE is becoming one of the attractive and promising extraction tech-
niques.  

Response surface methodology (RSM) is an effective statistical technique for 
optimizing complex processes because it allows more efficient and easier ar-
rangement and interpretation of experiments compared to other methods. In 
addition, it is less laborious and time-consuming than other approaches that ap-
plied to optimize a process. It is widely used for optimization of the extraction 
process of the bioactive ingredients. 

To the best of our knowledge, extraction of OA from grape seeds with ILs as 
the solvent has not yet been reported in the literature. Ultrasound-assisted ex-
traction parameters, such as ionic liquids with different cations and anions con-
centration, solvent to solid ratio, ultrasonic power, ultrasonication time, and ex-
traction temperature for enhancing the extraction efficiency of OA were syste-
matically optimized. The aim of this work was to develop a rapid, effective, vali-
dated and environmental friendly ionic liquid based ultrasound-assisted ap-
proach for extraction of OA from grape seeds, and to compare it with conven-
tional solvent extraction. 

2. Materials and Methods  
2.1. Materials and Reagents 

Grape seeds were obtained from the Bin He food industry Co, Ltd. (Gansu, Chi-
na). OA (purity > 98% by HPLC) was purchased from the National Institute for 
the Control of Pharmaceutical and Biological Products (Beijing, China). All the 
ionic liquids ([C4mim]Cl, [C4mim]Br, [C4mim]BF4, [C4mim]NO3, [C4mim]HSO4, 
[C4mim]ClO4) purchased from Lanzhou institute of chemical physics, Lanzhou, 
China. Other materials used in this study were of analytical grade. 

2.2. Optimization of Parameters for IL Based Extraction of OA  
from Grape Seeds  

Grape seeds powder (5 g) was dispersed in 50 ml of IL (0.5 mol/L) prepared 
deionized water by gentle stirring using magnetic stirrer. The extraction was 
carried out for 1 h by gentle stirring with magnetic stirrer at a stirring rate of 150 
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r/min at 35˚C. The extract obtained after IL extraction was filtered using filter 
paper to remove solid particles and quantified for the content of OA. The ex-
traction yield of OA was defined as follow: 

( )mg gY CV M=  

where C (mg/mL) is the concentration of OA in extract, V(mL) is the volume of 
the extract, and M(g) is the mass of sample weighed. 

Six different ILs ([C4mim]Cl, [C4mim]Br, [C4mim]BF4, [C4mim]NO3, 
[C4mim]HSO4, [C4mim]ClO4) were used to screen the most suitable anion to 
extract OA from grape seeds at 0.5 mol/L, The selected ILs Cl− and 4BF−  with 
different cations (C2mim+, C4mim+, C6mim+, C8mim+) were used at 0.5 mol/L to 
investigate the effect of the cation on the extraction efficiency of OA. For maxi-
mum extraction of OA, concentration of [C4mim]Cl (0.1, 0.3, 0.5, 0.7 and 0.9 
mol/L), time of extraction (1 - 5 h), solvent to solid ratio (10:1 - 30:1, mL/g), ul-
trasonic power (100 - 300 W), ultrasonication time (5 - 25 min), and tempera-
ture of extraction (30˚C - 70˚C) were optimized. The process of extraction was 
done as described above in this section. The IL extracts were then estimated for 
the content of OA. All the analyses were done in triplicates. 

2.3. Conventional Reference Extraction Method  

The conventional UAE was selected as the reference method for extraction of the 
target compounds [24]. 1.0 g sample was extracted under the conditions as fol-
low: ethanol concentration 70% (v/v), extraction temperature 25˚C, solvent to 
solid ratio of 10:1 (mL/g), ultrasonication time 30 min, repeated two times. UAE 
was performed as a control for comparison with ILUAE. All samples were pre-
pared and analyzed in triplicate. 

2.4. Determination of OA Concentration [25] 

The OA concentration in the top phase and bottom phase was estimated using 
the colorimetric method of vanillin perchloric acid under the conditions of OA 
as a standard. To evaporate sample solvent, the sample residue was reacted with 
0.3 mL 5% (w/v) vanillin in glacial acetic acid and 1.0 mL perchloric acid at 70˚C 
in water bath for 25 minutes, the optical density was measured at 548 nm. 

2.5. Experimental Design and Statistical Analysis 

RSM was employed for experimental design, data analysis and model building 
with software Design Expert (Design-Expert 7.0). A Box behnken Design (BBD) 
with three variables and three levels was used to determine the response pattern 
and then to establish a model [26]. According the results of single factors expe-
riment, three independent variables used in this work with three levels for each 
variable were ultrasonic power (X1), ultrasonication time (X2), and extraction 
temperature (X3), while the dependent variable was the yield of OA. The expe-
rimental range of the selected process variables with their units and notation was 
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given in Table 1. Experiments were randomized to maximize the effects of un-
explained variability in the observed responses, due to extraneous factors. The 
response variable, Y can be expressed as a function of the independent process 
variables according to the following response surface quadratic model 

2
0i ii i ij i jY X X Xβ β β= + +∑ ∑  

where Yi is the predicted response, XiXj are input varuables which influence the 
response variable Y. βo is the offset term; Bi is the ith linear coefficient; Bii is the 
iith quadratic coefficient and Bij is the ijth interaction coefficient. Design-expert 
package (version 7.0, Stat-Ease, Inc., Minneapolis, MN, USA) was used for the 
experimental design and regression analysis of the data obtained.  

The experimental design consisted of twelve factorial points in Table 2, and 
five replicates at the central point of designed model were used to estimate the 
pure error sum of squares. The adequacy of the developed model and statistical 
significance of the regression coefficients were tested using the analysis of va-
riance (ANOVA). p-Values of less than 0.05 were considered to be statistically  
 
Table 1. Experimental factors level table for the RSM study in central composite design. 

Factors Unit Notation 
Range and levels 

−1 0 1 

Ultrasonic power W X1 150 200 250 

Ultrasonication time min X2 10 15 20 

Extraction temperature ˚C X3 40 50 60 

 
Table 2. Test design and result of response surface method analysis. 

Run X1 X2 X3 Y(mg/g) 

1 −1 −1 0 11.2 

2 1 −1 0 10.1 

3 −1 1 0 9.65 

4 1 1 0 10.21 

5 −1 0 −1 10.21 

6 1 0 −1 9.36 

7 −1 0 1 9.87 

8 1 0 1 8.56 

9 0 −1 −1 12.3 

10 0 1 −1 10.21 

11 0 −1 1 10.23 

12 0 1 1 10.23 

13 0 0 0 13.51 

14 0 0 0 13.24 

15 0 0 0 13.25 

16 0 0 0 13.56 

17 0 0 0 13.26 
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significant. The interaction among the different independent variables and their 
corresponding effect on the response were studied by analyzing the response 
surface 3D plots. 

3. Results and Discussion 
3.1 Screening of ILs  

The extraction yield of target compounds might be obviously affected by the 
physical and chemical properties of ionic liquids, while the two properties can be 
significantly influenced by their structure [27]. To find the optimal ionic liquid 
for OA extraction and evaluate its influence on the ultrasonic extraction process, 
1-alkyl-3-methylimidazolium-type ionic liquids with different anions and ca-
tions were researched. 

3.1.1. Influence of the Anion 
The anion identity is considered an obvious factor which can influence the cha-
racteristic of ionic liquids, especially for water miscibility [28]. Therefore, 
N-methylimidazolium based ionic liquids with simple anions (Cl−, Br−) and 
complex anions ( 4BF− , 3NO− , 4HSO−  and 4CIO− ) were evaluated. The extrac-
tion yields of OA were obviously different, as shown in Figure 2(a). All of the 
selected ionic liquids were hydrophilic enough to dissolve in any proportion 
with water. The results indicated that ionic liquids with 4BF−  and Cl− anions 
were more efficient for the extraction of OA. It also confirmed that the OA ex-
traction yield is anion-dependent. 

3.1.2. Influence of Cation  
Six ionic liquids with different cations (C2mim+, C4mim+, C6mim+, C8mim+) 
combined with 4BF−  and Cl− were also screened to obtain the optimal extrac-
tion yield of OA. The results are shown in Figure 2(b). They indicated that for 
ionic liquids linked with either 4BF−  and Cl−, the extraction yield of OA first 
increased with the increasing alkyl chain length from ethyl to butyl, and then 
decreased with the alkyl chain length of the cation increasing from butyl to octyl. 
Consideration these effects on OA extraction, [C4mim]Cl was selected as the op-
timal extraction solvent for the subsequent extraction parameter optimization 
studies. 

3.2. Optimization of Single Factor Extraction Conditions 
3.2.1. Effects of [C4mim]Cl Concentration on the Yields of OA 
The concentration of [C4mim]Cl is an important factor that could influence the 
polarity of solution. The OA concentration affected by [C4mim]Cl amount was 
shown in Figure 3(a) different concentrations of [C4mim]Cl were at 0.1, 0.3, 0.5, 
0.7, 0.9 mol/L, respectively, while other extraction parameters were: solvent to 
solid ratio of 15:1, ultrasonic power 200 W, ultrasonication time 15 min, and ex-
traction temperature 50˚C. The maximum OA yield of 13.55 (mg/g) was 
achieved with 0.7 mol/L of [C4mim]Cl beyond which a decrease in extraction  
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Figure 2. Influences of ionic liquid anion and cation on the extraction yield of OA. 
 
yield was observed. This may be due to increased viscosity of IL solution at high 
concentration. High viscosity of IL does not permit its penetration into the plant 
tissue due to which active compounds cannot be extracted out completely and 
quickly [26]. Therefore 0.7 mol/L [C4mim]Cl was considered as the optimum 
concentration and used for further experiments. 

3.2.2. Effects of Extraction Time on the Yields of OA 
To extract target compounds from the cellular structure, a solvent must have 
access to the cellular compartments of the target compounds. Effect of extraction 
time was evaluated by varying the extraction time from 2 to 10 h. As shown in 
Figure 3(b), The extraction field of OA apparently increased as the extraction 
time increased from 2 to 4 h, and then increased slowly with the longer extrac-
tion time (from 4 to 10 h). Therefore, 4 h was selected as the optimal extraction 
time. 
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Figure 3. Single factor experiment. (a) Influences of [C4mim]Cl concentration (0.1 mol/L, 0.3 mol/L, 0.5 mol/L, 0.7 
mol/L, and 0.9 mol/L); (b) extraction time (1 h, 2 h, 3 h, 4 h, and 5 h); (c) solvent to solid ratio (10 mL/g, 15 mL/g, 20 
mL/g, 25 mL/g, and 30 mL/g); (d) Ultrasonic power (100 W, 150 W, 200 W, 250 W, and 300 W); (e) Ultrasonication 
time (5 min, 10 min, 15 min, 20 min, and 25 min). (f) Extraction temperature (30˚C, 40˚C, 50˚C, 60˚C, and 70˚C). 

3.2.3. Effects of Solvent to Solid Ratio on the Yields of OA  
The solvent volume must be sufficient to ensure that the entire sample is im-
mersed, especially when having a matrix that will well during the extraction 
process. In this study, five different solvent to solid ratios (10:1, 15:1, 20:1, 25:1 
and 30:1 (mL/g)) with 0.7 mol/L [C4mim]Cl, were selected to evaluate the influ-
ence of solvent to solid ratio on the extraction field of OA from grape seeds. 
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Figure 3(c) show that the extraction efficiency of OA increased when the solvent 
to solid ratio was increased from 10:1 to 15:1. It decreased as the ratio was above 
15:1. This was probably because a lower solvent to solid ratio was enough for ex-
traction, and ultrasonic energy might be absorbed and dispersed by a larger vo-
lume of solvent, which was disadvantageous to the ultrasonic assistant extraction 
[29]. Therefore, solvent to solid ratio of 15:1 (mL/g) was suitable for the extrac-
tion. 

3.2.4. Effects of Ultrasonic Power on the Yields of OA  
During ionic liquid-based ultrasound assisted extraction (ILUAE), optimization 
of the ultrasonic power is very important to ensure efficient extraction of the 
target compounds. The mechanical effects of ultrasound induce a greater pene-
tration of solvent into cellular materials and improve mass transfer. Efficient cell 
disruption and effective mass transfer are reported as major factors leading to 
the enhancement of extraction with ultrasonic power [29]. Hence, experiments 
were carried out at 100, 150, 200, 250 and 300 W, respectively, while other ex-
traction parameters were: [C4mim]Cl concentration 0.7 mol/L solvent to solid 
ratio of 15:1, extraction temperature 50˚C and ultrasonication time 15 min, A 
maximum yield of OA of 13.84 (mg/g) was achieved at power of 200 W (Figure 
3(d)). The extraction efficiency increased until power of 200 W beyond which 
there was smoothly decreased. Hence 150 - 250 W was chosen as the ultrasonic 
power in the BBD process.  

3.2.5. Effects of Ultrasonication Time on the Yields of OA  
To optimize the ultrasonication time, experiments were carried out for 5 - 25 
min with an interval of 5 min, while the other four factors (extraction tempera-
ture, ultrasonic power, solvent to solid ratio and the concentration of 
[C4mim]Cl) were fixed at 50˚C, 200 W, 15:1 and 0.7 mol/L, respectively. It 
showed that the field of OA increased with the ultrasonication time ascended 
from 5 to 15 min the maximum concentration of OA was observed when the ul-
trasonication time was 15 min, after this point, the concentration of OA started 
to maintain a dynamic equilibrium with the increasing of ultrasonication time, 
and OA concentration was growing slowly when the ultrasonication time ex-
ceeded 15 min (Figure 3(e)). Therefore, the range of time from 10 to 20 min was 
chosen as the ultrasonication time in the BBD process. 

3.2.6. Effects of Extraction Temperature on the Yields of OA  
The yield of OA was increased with the increase of the extraction temperature 
due to the increase of the mass transfer rate and the solubility of OA. In order to 
study the effect of different temperatures on the yield of OA, extraction process 
was carried out by using different temperatures of 20˚C, 30˚C, 40˚C, 50˚C, 60˚C, 
and 70˚C, while the other extraction conditions were: ultrasonication time 15 
min, ultrasonic power 200 W and solvent to solid ratio of 15:1. The yield of OA 
was increased with enhancing of extraction temperature increased from 20˚C to 
50˚C. As shown in Figure 3(f), the maximum field (13.87 (mg/g)) of OA was 
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observed when temperature was 50˚C. When extraction temperature varied 
from 60˚C to 70˚C, the OA concentration was smoothly decreased. A coin has 
two sides: higher temperature can exactly enhance the solubility of OA and the 
extraction rate; however, the exorbitant extraction temperature also can cause 
the degradation of OA. Therefore, 40˚C - 60˚C was chosen as the extraction 
temperature in the BBD process. 

3.3. RSM Modeling and Optimization of Reactive Extraction  
Process 

In this work, the input variables (factors) and their levels were selected, based on 
single factor experiments mentioned above. The factors and their actual and 
coded levels were presented in Table 1. The BBD was employed to carry out 
reactive extraction experiments. According to BBD a number of 17 experimental 
runs were performed to investigate the reactive extraction process. Each run 
represents a unique combination of factors levels and for each experiment the 
yield of OA Y(mg/g) was determined as it was shown in Table 2. Based on expe-
rimental design (Table 2). Results also showed that the yield of OA ranged from 
8.56% to 13.56%. The second order polynomial model in terms of coded va-
riables that approximates the yield of reactive extraction process may be written 
as follow:  

Y 13.36 0.34A 0.44B 0.40C 0.41AB 0.11AC
0.52BC 2.16A2 0.92B2 1.71C2

= + − − − + −
+ − − −

 

The statistical significance of the regression model was checked by F-test and 
p-value, and the analysis of variance (ANOVA) for the response surface qua-
dratic model was shown in Table 3. The Model F-value of 59.43 implies the 
model was significant. The p-value were used as a tool to check the significance 
of each coefficient, and the smaller the p-value was, the more significant the 
corresponding coefficient was. There is only a 0.01% chance that a “Model 
F-value” this large could occur due to noise. p-value less than 0.0500 indicate 
model terms are significant. It also can be seen that the linear coefficient (X1, X2, 
X3), the interaction term coefficients (X1X2, X2X3), and quadratic term coeffi-
cients ( 2

1X , 2
2X , 2

3X ) were significant, with very small p-values (p < 0.05), the 
results indicated that ultrasonic power, ultrasonication time and extraction 
temperature were significantly correlated with the yield of OA. The “Lack of Fit 
p-value” of 0.0508 implies the Lack of Fit is not significant relative to the pure 
error. There is a 5.08% chance that a “Lack of Fit F-value” this large could occur 
due to noise. 

After the response surface regression procedure, the coefficient of determina-
tion (R2) of the predicted model was 0.9704, suggesting a good fit, the predicted 
model (0.8249) seemed to reasonably represent the observed values. Thus, the 
response was sufficiently explained by the model. “Adeq Precision” measures the 
signal to noise ratio. A ratio greater than 4 is desirable. The ratio of 21.29 indi-
cates an adequate signal. This model can be used to navigate the design  
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Table 3. Variance analysis of regression equations. 

Source Sum of Squares df Mean Square F Value 
p-value 

Prob > F 
 

Model 44.57512853 9 4.952792059 59.43741059 <0.0001 significant 

X1 0.91125 1 0.91125 10.93571863 0.0130  

X2 1.5576125 1 1.5576125 18.69257837 0.0035  

X3 1.2720125 1 1.2720125 15.26515314 0.0058  

X1X2 0.6889 1 0.6889 8.267343283 0.0238  

X1X3 0.0529 1 0.0529 0.634841718 0.4518  

X2X3 1.092025 1 1.092025 13.1051612 0.0085  
2

1X  19.61281289 1 19.61281289 235.3692219 <0.0001  
2
2X  3.530939211 1 3.530939211 42.37405511 0.0003  

2
3X  12.25087605 1 12.25087605 147.020174 <0.0001  

Residual 0.583295 7 0.083327857    

Lack of Fit 0.484375 3 0.161458333 6.528844858 0.0508 not significant 

Pure Error 0.09892 4 0.02473    

Cor Total 45.15842353 16     

R2 = 0.9871. adj R2 = 0.9705. 

 
space. The coefficient of variation (CV) is the ratio of the standard error of esti-
mate to the mean value of observed response expressed as a percentage. It is a 
measure of reproducibility of the models. The CV of the model was calculated as 
2.60%. As a general rule, a model can be considered reasonably reproducible if 
its CV is not greater than 10%. 

The 3D response surface plots were drawn to illustrate the main and interac-
tive effects of the independent variables on the dependent one in Figure 4. They 
showed the type of interactions between two tested variables and the relationship 
between responses and experimental levels of each variable. Two variables with-
in the third variable were kept constant at zero level. As shown in Figure 4, the 
influencing rule of ultrasonic power, ultrasonication time and extraction tem-
perature on the extraction process was similar to the single factor experiments. 
However, in Figure 4(a) and Figure 3(c), the interaction effect between ultra-
sonic power (X1) and ultrasonication time (X2), between ultrasonication time 
(X2) and extraction temperature (X3), were obvious than others. 

By prediction with computing program, the optimal conditions to obtain the 
highest yield of OA were determined as follows: the ultrasonic power of 195 W, 
the ultrasonication time of 13.5 min, and extraction temperature of 48.4˚C. At 
last because of the limit of instruments, the optimal conditions were chosen at 
the ultrasonic power of 195 W, the ultrasonication time of 13 min, and extrac-
tion temperature of 48˚C. The extraction yield of OA was 13.4 mg/g with a rela-
tive error about 0.6%. 
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Figure 4. Response surface plots showing the effects of variables on extraction yield of OA. 
(a) Interaction of ultrasonic power and ultrasonication time; (b) Interaction of ultrasonic 
power and extraction temperature; (c) Interaction of ultrasonication time and extraction 
temperature. 
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3.4. Comparison of the Proposed ILUAE Approach with the UAE  
Method  

In order to compare the extraction field of the [C4mim]Cl solution with organic 
solvent, ethanol was used to extract OA from grape seeds under the respective 
optimal condition. Under the optimal conditions of acetone extraction [24], in-
cluding ethanol concentration 70% (v/v), extraction temperature 25˚C, solvent 
to solid ratio of 10:1 (mL/g), ultrasonication time 30 min, repeated two times. 
The results of extraction effect of ILUAE and UAE were showed in Figure 5. 
The extraction yields of OA obtained by ILUAE and UAE were 13.4 and 8.43 
mg/g, respectively. Compared with the regular UAE, the proposed approach ex-
hibited higher efficiency (increase 1.59 time), which indicated that ILUAE was 
an efficient, rapid and simple sample preparation technique for extraction of the 
OA from grape seeds. This can be attributed to the better solubility of OA in IL 
solution due to π-π, ionic/charge-charge interactions or hydrogen bonding be-
tween both ion and OA [30]. 

4. Conclusion 

In this study, we have come up with a novel ILUAE for extraction of OA from 
grape seeds. In consideration of the influence of both the anion and cation of io-
nic liquids, [C4mim]Cl was selected for the subsequent analysis. The ultrason-
ic-assisted extraction conditions were optimized using single factor experiments 
and BBD in detail. Under these optimal conditions (e.g. with 0.7 mol/L 
[C4mim]Cl, solvent to solid ratio of 15:1, extraction time 4 h, ultrasonic power 
195 W, ultrasonication time 13 min, and extraction temperature of 48˚C), this 
approach gained the highest extraction yield of OA 13.4 mg/g. Compared with 
conventional regular ultrasonic extraction, the proposed approach provides 
higher extraction efficiency, and obviously reduced extraction time. The pro-
posed ILUAE has abroad prospect in sample preparation of bioactive com-
pounds. 
 

 
Figure 5. Comparison of the proposed ILUAE with the 
UAE method. 
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