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Abstract 

Purpose: To develop a more green, efficient and low cost process for the extraction of steroidal 
saponins from Dioscorea Zingiberensis C. H. Wright. 
Methods: Six kinds of ionic liquids with different cations and anions were evaluated. In addition, the 
extraction parameters of the ionic liquid based ultrasonic/microwave extraction were studied. In order to 
quantify the total saponin content accurately, all steroidal saponins were converted into diosgenin and 
quantified with an appropriate HPLC procedure. IL-UMAE under optimal conditions was compared with 
heat reflux extraction (HRE) and ultrasonic assisted extraction (UAE). 
Results: 1-ethyl-3-methylimidazolium tetrafluoroborate ([EMIm]BF4) solution at concentration of 0.5 mol 
L-1 was selected as extraction solvent. The optimum conditions were as follows: solvent to solid ratio 
15:1, microwave power 500 W and extraction time 8 min. Under these optimal conditions, the highest 
extraction yield of diosgenin 10.24 ± 0.31 mg g-1 was obtained. It took only 8 min to obtain the 91.67 % 
content of diosgenin obtained by traditional HRE. Extracting on time was shortened from 120 min to 8 
min.  
Conclusion: Compared with traditional methods, IL-UMAE method uses Ionic liquid-solvent which 
greatly shortens the extraction time. IL-UMAE as a simple, effective and environmentally friendly 
approach shows a broad prospect for active ingredient extraction. 
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INTRODUCTION 
 
The medicinal plant Dioscorea zingiberensis C. 
H. Wright is a famous traditional Chinese 
medicine (TCM). It is widely distributed in Shanxi, 
Hubei and Yunnan provinces of China [1]. It is 
the important plant resource for diosgenin, a 
starting material for the semi-synthesis of drugs 
of steroidal hormones [2]. Diosgenin is stored in 
plants in the form of saponins that are regarded 

as the major active components of D. 
zingibiensis [3]. In the last few years, saponins 
have attracted worldwide attention because of 
their rich variety of structures and functional 
activities [4]. For example, anti-thrombotic activity 
[5], protective effects against hyperlipidemia and 
oxidative stress [6], cytotoxic activity against the 
cancer [7], inhibiting platelet aggregation [8] were 
reported. 
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As steroidal saponins attracting more attention, 
more extraction techniques are developing to 
obtain better extraction efficiency. A variety of 
extraction techniques, such as Soxhlet 
extraction, maceration extraction (MA) [9] and 
heat reflux extraction (HRE) have been applied 
for extraction of effective components. But these 
extraction techniques have some drawbacks 
such as taking long time, high energy 
consumption, and large amount of organic 
solvent consumption. Therefore, ultrasonic/ 
microwave-assisted synergic extraction (UMAE) 
technique has been used in the field of saponins 
extraction. It shows short-time, high efficiency 
and other advantages [10,11] for extraction of 
active ingredients of natural products. What is 
more, we focused on the green solvent. In recent 
years, ionic liquid (IL) as a kind of 
environmentally friendly solvent has shown great 
potential for replacing conventional organic 
solvents in many field [12,13,14]. ILs are 
composed of varied cations and anions that are 
in the liquid state at room temperature, they have 
low vapor pressures, are non-flammability, 
miscible with various organic solvents [15], and 
offer multiple alternatives to conventional organic 
solvent system. They are recyclable, 
environmentally safe and can alleviate 
environmental pollution.   
 
In this study, ILs were employed as green 
solvent to extract steroid saponins from 
Dioscorea zingiberensis. It is the combined 
application of ultrasonic/ microwave and ILs for 
efficient extraction of steroidal saponins from 
Dioscorea zingiberensis using a “green” method.  
 
EXPERIMENTAL  
 
Plant materials 
 
Dioscorea zingiberensis C. H. Wright fresh 
rhizomes were supplied by Dongguan Jingyuan 
industrial investment Co., Ltd (Guangdong, 
China). They were collected in Shannxi Province, 
People's Republic of China, in March 2013 and 
were identified by Assistant Professor Deping Xu 

(School of Food Science and Technology, 
Jiangnan University, People's Republic of 
China). A voucher specimen (no. Dioscorea 
zingiberensis 201303) was assigned and sample 
has been deposited at the Department of Food 
Functional Component, School of Food Science 
and Technology, Jiangnan University, People's 
Republic of China. Fresh Dioscorea 
zingiberensis C. H. Wrightwere cut into pieces 
and placed in a drying oven at 80 °C for 5 min to 
kill enzymes. Thereafter, they were dried at 50 
°C and crushed into powder.  
 
Chemicals and reagents 
 
Diosgenin standard was purchased from the 
Shanghai Yuanye Biological Technology Co, Ltd 
(Shanghai, China). The purity of standard 
compound was greater than 99 %. Acetonitrile of 
chromatographic grade was purchased from 
Sinopharm Chemical Reagent Co, Ltd 
(Shanghai, China). Ultrapure water used for 
solutions and dilutions was made by Millipore-
Q® 3 (Massachusetts, USA). All ionic liquids 
were purchased from Lanzhou Institute of 
Chemical Physics (Gansu, China). Their basic 
information and representative physico-chemical 
properties are shown in Table 1. Petroleum ether 
and other reagents were analytical grade and 
were purchased from Sinopharm Chemical 
Reagent Co, Ltd (Shanghai, China). 
 
Apparatus 
 
A CW-2000 Ultrasonic-microwave synergistic 
extraction device was purchased from Shanghai 
Xintuo Analytical Instruments Co., Ltd (Shanghai, 
China) and used for extraction experiment. 
Ultrasonic power was rated at 50 W in the 
extraction process. Microwave could be varied 
between 300 W and 800 W. Extraction process 
was strictly monitored to prevent solution 
bumping. 
 
The DL-360B ultrasonic apparatus was 
purchased from Shanghai Zhisun Instrument Co., 
Ltd (Shanghai, China) and used for ultrasound 
assisted extraction. 

 
    Table 1: Basic information of six ILs 
 

ILs Molecular  Formula Molecular Weight State (25 °C) Solubility in water 
[C4MIm]Cl C8H15N2Cl 174.67 Solid Soluble 
[C4MIm]Br C8H15N2Br 219.12 Solid Soluble 
[C2MIm]Br C6H11N2Br 197.07 Solid Soluble 
[C2MIm]BF4 C6H11N2BF4 197.97 Liquid Miscible 
[C3MIm]BF4  C7H13N2BF4 212.00 Liquid Miscible 
[C4MIm]BF4  C8H15N2BF4 226.02 Liquid Miscible 
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The 1100 series HPLC system was purchased 
from Agilent (California, USA). It was equipped 
with a workstation, an online degasser, a column 
oven, an infusion pump, an auto sampler, and an 
ultraviolet detector. Chromatographic separation 
was performed on Grace Smart RP C18 column 
(5 μm, 4.6 × 250 mm. W. R. Grace & Co.-Conn, 
Columbia, Maryland, USA). All of the solvents 
prepared for HPLC were filtered through 0.22 μm 
microporous membrane. AR224CN electronic 
balance was purchased from Ohaus Instruments 
(Shanghai) Co., Ltd (Shanghai, China). 
 
Ionic liquid-based ultrasonic/microwave-
assisted extraction 
 
According to the characteristics of the target 
component, many kinds of ionic liquids were 
selected and screened based on the diosgenin 
yield. Furthermore, different length alkyl chains of 
ILs were compared. Certain types of ionic liquids 
were prepared by accurately weighing a certain 
mass in a beaker. Then they were fully dissolved 
in deionized water, transferred to a volumetric 
flask and diluted to different concentrations. 
These ionic liquids were used for the extraction 
process. And diosgenin yield as an evaluation 
criterion clearly reflected their different extract 
abilities. 
 
The whole extraction process was completed in 
an ultrasound-microwave synergistic extraction 
device. Steroid saponins were extracted by 
adding sample to a certain volume of the ionic 
liquid solution in a flask. Then extraction process 
was carried out by preset program with different 
parameters.  
 
For maximize extraction yield, type of ionic liquid, 
liquid concentration, solvent to solid ratio, 
microwave power and extraction time were 
optimized. 
 
Conventional extraction method 
 
In order to investigate the performance of the IL-
UMAE, conventional heat reflux extraction (HRE) 
and ultrasonic assisted extraction (UAE) were 
selected as controls for comparison. all the 
samples was carried out under the same 
conditions after the extraction process. 
 
HRE: 1.0 g of plant powder (0.3 mm) was mixed 
with 25 mL of 70 % ethanol. The extraction was 
carried out at 60 °C for 1 h and the extraction 
was repeated two times.  
 
UAE: 1.0 g sample was mixed with 25 mL of 70 
% ethanol. The extraction was carried out at 50 

°C for 40 min. Ultrasonic power was rated at 300 
W. 
 
Analysis and conditions 
 
Diosgenin, the hydrolysate of steroidal saponins, 
is applied to quantify total steroid saponins 
extracted from Dioscorea zingiberensis C. H. 
Wright rhizomes. [16] 
 
After extraction, extraction device started the 
cooling process and the extracts were filtered. 
The filtrate was mixed with hydrochloric acid to 2 
mol L-1 acid solution and hydrolyzed for 3 h in 98 
°C water bath at normal pressure. After cooling, 
hydrochloric acid solution was neutralized by 
Na2CO3 followed by filtration. The residue was 
washed with distilled water several times until 
filter liquor was colorless. The filtrate was dried 
and the residue was dried at 50 °C, and then 
extracted in a Soxhlet extractor for 3 h with 
petroleum ether. The solvent extract was 
concentrated to dryness by the rotary evaporator. 
Thereafter, the diosgenin was dissolved with 
methanol and filtered through 0.22 μm filters. 
The diosgenin was determinate by HPLC. 
 
HPLC quantitative analysis for diosgenin was 
performed on the Agilent 1100 series. 10 μl of 
the sample was injected into C18 column at 30 
°C, and the flow rate was kept at 1.0 mL min-1. 
The detection wavelength was set at 209 nm. 
The mobile phase composition was acetonitrile-
water (95:5, v/v). The regression equations and 
correlation coefficients (R2) of diosgenin were 
determined and derived as y = 4418.6x – 41.792 
(R2 = 0.9999, 0.0993 mg mL-1-1.5888 mg mL-1). 
The content of diosgenin was used to evaluate 
each extraction method. The extraction yield of 
diosgenin was calculated as follows: Yield of 
diosgenin (mg g-1) = diosgenin content / 
Dioscorea zingiberensis C. H. Wright weight. 
 
RESULTS 
   
Screening of ionic liquids 
 
As shown in Fig 1(a), the addition of ionic liquids 
obviously enhanced the extraction yield. 
Experimental data showed 1-ethyl-3-
methylimidazolium tetrafluoroborate ([EMIm]BF4) 
had the best effect. 
 
Furthermore, a series of different length alkyl 
chain’s ionic liquids with the same anion of BF4 
were tested. Fig 1(a) showed that the length of 
carbon chain had great effect on extraction yield. 
With increasing carbon chain, the extraction rate 
decreased. 
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Therefore, [EMIm]BF4 was selected as best 
choice for experiment. 
 
The concentration of [EMIm]BF4 was also 
studied on the extraction yield. In this study, five 
different concentrations (0.25 mol L-1, 0.5 mol L-1, 
1.0 mol L-1, 1.5 mol L-1, and 2.0 mol L-1) were 
selected to evaluate their effect on the extraction 
efficiency. Fig 1(b) showed the extraction yield 
increased remarkably when the [EMIm]BF4 
concentrations increased from 0.25 to 0.5 mol L-

1. However, further increasing [EMIm]BF4 
concentration lead to a slight decreasing trend, 
which could be attributed to the high viscosity of 
the ionic liquid at high concentrations which in 
term reduced the solution’s penetration ability. 
0.5 mol L-1 was selected as the most appropriate 
concentration was and used for the next 
experiments. 
 
(a) 
 

 
 
(b) 
 

  
 
Fig 1: Selection of (a) ILs and (b) effect of [EMIm]BF4 
concentrations 
 

Optimisation of IL-UMAE conditions 
 
Three extraction parameters, liquid to solid ratio, 
microwave power, and extraction time, were 
optimized by univariate method. The Fig. 2 
showed the optimum conditions: solvent to solid 
ratio 15:1, microwave power 500 W and 
extraction time 8 min. Under these optimal 
conditions, the highest extraction yield of 
diosgenin 10.24 ± 0.31 mg g-1 was obtained. 
 
(a) 
 

 
 
(b) 
 

  
 
(c) 
 

 
  
Fig 2: Optimisation of IL-UMAE conditions: (a) liquid-
solid ratio, (b) microwave power, (c) extraction time 
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                    Fig 3: Comparison of heat reflux extraction (HRE) and ultrasonic assisted extraction (UAE) 
 
Comparison of different methods 
 
IL-UMAE under optimal conditions was 
compared with heat reflux extraction (HRE) and 
ultrasonic assisted extraction (UAE). The same 
sample treatment method and HPLC analysis 
method after extraction process were carried out. 
The results were showed in Fig. 3. The extraction 
yields of diosgenin obtained by HRE, IL-UMAE 
and UAE were 11.17 ± 0.23 mg g-1, 10.24 ± 0.31 
mg g-1 and 11.13 ± 0.26 mg g-1, respectively. 
 
DISCUSSION 
 
With a variety of combinations of anions and 
cations, ionic liquids have significantly different 
physicochemical properties, which lead to distinct 
extraction yield [17]. Considering the 
hydrosoluble nature of most saponins in 
Dioscorea zingiberensis C. H. Wright rhizome, 
six water-soluble ILs with different anions and 
cations were investigated. Experimental results 
show that ionic liquids can enhance the 
extraction effect. It is probably because ILs-water 
solutions have much stronger interactions 
including π-π, ionic/charge-charge and hydrogen 
bonding with steroid saponins than pure water. 
Furthermore, extraction yield dramatically 
decreased when the alkyl chain length was 
increasing from ethyl to butyl. This phenomenon 

could be attributed to longer alkyl chain had 
greater steric hindrance effect. It also could due 
to increasing alkyl chain length decrease the 
miscibility of the ILs. Moreover, long length alkyl 
chain resulted in high viscosity which could 
prevent saponin diffusing to solvent [18]. 
 
According to the result of optimization, solvent to 
solid ratio, microwave power and extraction time 
have a larger effect on extraction yield. The 
solvent volume has a direct impact on extraction 
efficiency during the extraction process. 
Appropriate volume of solvent could completely 
submerge the materials without causing waste. 
In this research, five different liquid to solid ratio 
(5:1, 10:1, 15:1, 20:1 and 25:1) with 0.5 mol L-1 
[EMIm]BF4 were investigated to evaluate the 
influence of solvent volume on the extraction 
yield of steroid saponins. Fig 2(a) illustrate that 
the extraction yield of saponins increased when 
the solvent to solid ratio changed clearly from 5:1 
to 10:1. Then it increased slowly between 10:1 
and 15:1. The difference of extraction yield was 
not significant from 15:1 to 20:1. However, it 
decreased slightly when the ratio went up to 
25:1. These may be due to the interrelation 
between solvent volume and ultrasound energy. 
Appropriate volume of solvent did not affect the 
energy transfer, but excessive liquid to solid ratio 
resulted in energy absorption and dispersion 
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[19]. In addition, larger solvent volumes were 
unnecessary waste and increased the difficulty of 
further work. A solvent to solid ratio of 15:1 was 
selected for subsequent experiments. 
 
To investigate the effect of the microwave power 
on the extraction efficiency, a series of 
comparative microwave powers (300 W, 400 W, 
500 W, 600 W, and 700 W) were used out.  As 
shown in Fig 2(b), significant differences were 
showed and the optimum ultrasonic power was 
500 W. When power increased from 300 to 
500W, the yield of the diosgenin increased 
distinctly. Microwave rolled in the substance was 
mainly through the following two ways: Polar 
molecules (such as H2O) rapidly spun in the 
microwave electromagnetic field or rapid 
migration of ions in the microwave field. Unlike 
conventional heating method, microwave energy 
would directly impact on the heated material 
without energy loss on air and vessels. In an 
appropriate range of microwave power, the 
solvent was rapidly heated and the target 
substance leaching effect was strengthened. 
However, excessive microwave power could 
easily cause water bumping. Therefore, the 
suitable microwave power was 500W. 
 
According to tradition, extraction yield would rise 
as increasing extraction time. Five kinds of 
extraction time (2, 4, 6, 8 and 10 min) were set to 
study the influence of extraction time on the 
yields of diosgenin. The significant effect of 
extraction time on the extraction yield was 
observed from 2 to 8 min. Fig. 2(c) indicated that 
the highest extraction yields sides were obtained 
at extraction time of 8 min. The extraction 
efficiency does not have significant change when 
time was longer than 8 min. From the 
perspective of saving time, 8 min was the best 
extraction time. 
 
The proposal method was compared with heat 
reflux extraction (HRE) and ultrasonic assisted 
extraction (UAE). The extraction efficiency 
obtained by UAE was similar to that of regular 
HRE. The yield of diosgenin obtained by IL-
UMAE method was a little less than that of 
others. However, IL-UMAE method greatly 
shortened the extraction time and still had a good 
extraction efficiency. It took only 8 minutes to get 
the 91.67 % content of steroid saponins obtained 
by HRE. What is more, no organic solvent was 
used in the IL-UMAE, which indicated that IL-
UMAE was an efficient and environmentally 
friendly extractive technique. Considering the 
extraction cost and time, IL-UMAE should be the 
prime choice for steroid saponins extraction. 

CONCLUSION 
 
An effective ionic liquid based 
ultrasonic/microwave assisted extraction has 
been [20, 21] applied for the extraction of steroid 
saponins from Dioscorea zingiberensis C. H. 
Wright in an ultrasonic-microwave synergistic 
extraction device. The latest research shows 
ionic liquids provided a good extraction efficient, 
shorter extraction time and less expense. 
Considering these advantages of ionic liquids, 
the promissory IL-UMAE has a broad prospect in 
natural products extraction. 
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