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A novel pretreatment method ionic liquid-based dispersive liquid-liquid microextraction followed by high-performance liquid 
chromatography (HPLC) was established and applied in the analysis of silychristin, silydianin, silybin, silybin B, isosilybin A, 
isosilybin B in Silybum marianum. The critical parameters affecting dispersive liquid-liquid micro-extraction (DLLME), including 
selection of dispersive solvent and extraction solvent, volume of dispersive solvent and extraction solvent, adjustment of pH, salt 
concentration, extraction time, were investigated by single factor study. Under optimum conditions, all of the target analytes presented 
good linearity (r > 0.9991) and satisfied recoveries (recoveries > 89.5%, relative standard deviation (RSD) < 4.6%). The limits of 
detection and quantification were 0.16 to 0.74 ng kg–1 and 0.42 to 2.52 ng kg–1, respectively. The developed method is sensitive, rapid, 
accurate and employable to simultaneously determine six target compounds in Silybum marianum.
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INTRODUCTION

Silybum marianum ((L.) Gaertn.), a medicinal plant of Compositae, 
has a strong adaptability against drought and cold resistance.1 It is 
planted in Northeast China, Inner Mongolia, Hebei, Shanxi, and other 
places. As an economic crop for both medicine and food, its fruit is the 
main medicinal part, including silychristin (SCN), silydianin (SDN), 
silybin A (SBA), silybin  B  (SBB), isosilybin  A  (ISBA), and 
isosilybin B (ISBB).2 It has the functions of antioxidation,3 regulating 
immunity4 and protecting liver.5 A large number of studies have shown 
that silybin, as the highest content of Silybum marianum seed (SMS) 
lignin in the effective extract, can maintain the enzyme system in cells, 
enhance cell metabolism, protect cells and promote fat transfer.6-10 
It has a significant effect on the treatment of liver diseases. It is 
commonly used in the treatment of simple or alcoholic fatty liver 
acute and chronic hepatitis, and other diseases with abnormal liver 
function.11-13 However, the standard methods for the determination 
of SCN, SDN, SBA, SBB, ISBA, and ISBB in SMS have not been 
established in China. Therefore, it is necessary to establish a rapid, 
accurate and efficient detection method for SMS compounds, which 
is conducive to the screening, processing and utilization of high-
quality varieties of SMS.

SCN, SDN, SBA, SBB, ISBA, ISBB in SMS are extracted mainly 
by normal temperature and ultra-high pressure extraction,14 ultrasonic 
assisted extraction,15 enzyme assisted extraction,16 supercritical CO2 
extraction17 and microwave-assisted extraction.18 Special equipment is 
required for normal temperature and ultra-high pressure, supercritical 
CO2 extraction and microwave-assisted extraction, and corresponding 
enzymes need to be selected for enzyme assisted extraction. It is not 
easy to implement and popularize the method.

It is important to establish a new method for sample pretreatment 
of SCN, SDN, SBA, SBB, ISBA, ISBB in order to obtain precise, 
accurate and reliable results, because it is difficult to extract 
multiple compounds from plant-derived sample. By optimizing the 
pretreatment conditions, we aim to enhance the method’s selectivity, 

precision, sensitivity, and accuracy while improving analytical 
efficiency and reducing costs. There have been more and more ways 
to determine several components extracted from plant-derived sample 
simultaneously, such as solid-liquid phase extraction19 and dispersive 
solid-phase extraction.20 However, these detection methods have some 
shortcomings. Dispersive liquid-liquid microextraction (DLLME) 
was developed and applied by Rezaee et al.21 in 2006. DLLME has 
been widely applied to the analyses of various compounds in the 
environmental, food real samples and has attracted great attention 
due to its simplicity of operation, rapidity, low price, high recovery 
rate and environment friendly.22,23

Ionic liquids (ILs) are ionic media with unique physical and 
chemical properties. It is an environmentally friendly solvent and 
has attracted extensive attention in many fields. ILs is a potential 
solvent for DLLME to enrich typical organic compounds. In addition, 
these green solvents as sample preparation extractant have been used 
in such as supported liquid membrane extraction,24 liquid-liquid 
extraction,25,26 solid-phase microextraction,27,28 and so on. ILs as 
extractant is widely used in plant extraction.29-31 The above facts 
show that ILs, as a highly dispersed solvent, has great potential 
for the analysis of components from crop samples. Compared to 
traditional liquid-liquid extraction, ionic liquids dispersive liquid-
liquid microextraction (ILs-DLLME) has the advantages of low 
sample consumption, high extraction efficiency, and easy operation.

In the present work, we used ILs-DLLME combined with the 
high-performance liquid chromatography (HPLC) to simultaneously 
determine SCN, SDN, SBA, SBB, ISBA, ISBB in different SMS 
varieties. The key parameters affecting the efficiency of ILs-DLLME 
were researched.

EXPERIMENTAL

Materials

SCN, SDN, SBA, SBB, ISBA and ISBB were purchased from 
the Alta Scientific Co., Ltd. (Tianjin, China). The stock solution was 
prepared by dissolving each substance in chromatographic grade 
methanol with a concentration of 1 mg mL–1 and storing it at 4 °C in 
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the dark. Flat bottom glass insert (400 μL) was obtained from Agilent 
Technologies (5181-3377, USA).

1-Methyl-3-octyl imidazole hexafluorophosphate (99.5%, 
[OMIM]PF6), 1-hexyl-3-methylimidazole trifluoromethane sulfonate 
(99.5%, [HMIM]OTF) were purchased from the Macklin Reagent 
Co., Ltd. (Beijing, China). Methanol, ethanol and acetonitrile 
(chromatographic grade) were purchased from Merck (Shanghai, 
China). Acetone and ethanol chromatographic grade were purchased 
from Wuhan Huashen reagent Co., Ltd. (Wuhan, China). Phosphoric 
acid analytical grade was purchased from Kemio Chemical Reagent 
Co., Ltd. (Tianjing, China). Deionized water was used throughout the 
experiment. The other solvents were all analytical grade.

Chromatographic analysis

The chromatographic analysis was performed on an e2695 HPLC 
system (Waters Co., Ltd., USA) which was equipped with a diode-
array detector system, an online degassing device, a thermostatic 
column compartment, and a two-element system. Chromatographic 
separation was carried out on a Waters carboxy-octadecyl silane bonded 
silica gel (250 mm × 4.6 mm, 5 μm) with an in-line filter in front of 
the column. The mobile phase flow rate was set at 1.0 mL min–1 and 
the mobile phase consisted of aqueous phosphoric acid-methanol-
water (v/v/v,  0.5:35:65)  (A) and phosphoric acid-methanol-water 
(0.5:50:50, v/v/v) (B). The chromatographic column temperature was 
set at 30 °C. The gradient elution procedure is shown in Table 1. The 
analytical injection was set at 10 μL. The method used a UV detector, 
with detection wavelength of target compounds at 288 nm.

Samples collection

All of the SMS samples were sourced from a farm in Hulunbuir, 
China, in October 2021. After the homogenization, all of the SMS 
samples were kept in brown glass bottles with light-free at 4 °C.

Extraction 

0.5 g of the SMS were transferred into a 100 mL Teflon (PTFE) 
container. 50 mL 75% methanol solution was added and vortexed for 
3 min. The extraction was carried out for 60 min at 60 °C under the 
water bath. After the extraction process, the sample was centrifuged 
at 8000 rpm for 10 min. The supernatant was obtained and then it was 
sieved through 0.45 μm membranes for further analysis

ILs-DLLME

Two mL of supernatant was rapidly injected into 100 μL  
[OMIM]PF6 to be mixed with 600 μL acetonitrile. A cloudy solution 
was formed in the polytetrafluoroethylene centrifugal tube and then 
mixed under ultrasonic for 2 min to improve the extraction rate. 
The mixture solution was centrifuged at 8000 rpm for 5 min; the 
fine particles dispersed in the extraction phase were deposited at the 
bottom of the polytetrafluoroethylene centrifugal. After removing the 
supernatant, the remaining sedimented phase was sucked by micro 

quantitative needle to be reconstituted into a mobile phase solution 
with 100 μL (phosphoric acid-methanol-water, v/v/v, 0.5:35:65) in 
flat bottom glass inserts with 400 μL. Then 10 μL of these treated 
samples were finally injected into HPLC for analyses.

RESULTS AND DISCUSSION

Effect of extraction solvent and its volume

The selection of extraction solvent is very important for extraction 
efficiency. Methanol and acetonitrile are the most commonly used 
as extraction solvents for target compounds from plant-derived 
sample.32 In this study, effect of three solvents including methanol 
and acetonitrile were evaluated for extraction efficiency, and the 
results showed that the average recoveries were higher for methanol as 
extraction solvent. Therefore, methanol was selected as the extraction 
solvent. SCN, SDN, SBA, SBB, ISBA, ISBB are flavonoids with high 
polarity. Therefore, methanol aqueous solution was investigated as 
extraction solvent to analyze the compounds, and the results are shown 
in Figure 1. Consequently, 75% methanol was selected as extraction 
solvent for the subsequent studies.

Comparing the extraction recoveries obtained by using different 
volumes of extraction solvents (i.e., 20, 30, 40, 50, 60, 70 and 80 mL), 
it showed that by using 50 mL of 75% methanol it was possible 
to obtain satisfactory extraction recoveries, and further increasing 
the solvent volume will not significantly improve the extraction 
recoveries, as shown in Figure 2. Thus, 50 mL was selected as the 
appropriate 75% methanol volume used in the following tests.

Optimization of ILs-DLLME conditions

In order to obtain the optimal conditions of ILs-DDLME, a 
series of parameters affecting the extraction efficiency were studied, 
including extraction solvent, dispersive solvent, extraction time, pH 
value and ionic strength. The recovery was used as an indicator and 
0.5 g samples (each analyte with 100 ng g–1 added to each sample) 
were used to optimize the extraction conditions. All experiments were 
made in triplicate, and the blank control sample was 0.5 g sample 
without any target compound.

Effect of extraction solvent and its volume

Appropriate extractant is the key to improve the analytical 
sensitivity. The effects of [OMIM]PF6 and [HMIM]OTF on the 

Table 1. Conditions of gradient elution

Time / min Mobile phase A / % Mobile phase B / %

0-28 100-0 0-100

28-35 0 100

35-36 0-100 100-0

36-55 100 0
Figure 1. Effect of methanol aqueous solution (v/v) on extraction efficiency 
(methanol solvent, 50 mL; pH, 7.0; volume of extractant, 400 μL; dispersant, 
acetonitrile, 500 μL; extraction time, 5 min; no salt)
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extraction efficiency of SCN, SDN, SBA, SBB, ISBA, ISBB 
were investigated. The results showed that [OMIM]PF6 had better 
extraction efficiency for SCN, SDN, SBA, SBB, ISBA, ISBB with less 
interference. Therefore, [OMIM]PF6 was selected as the extractant 
in this paper.

The recoveries increased with the increase of volume of [OMIM]
PF6. 20, 40, 60, 80, 100, 120 and 140 μL were investigated. When 
100 μL of [OMIM]PF6 was added, the extraction recovery reached 
its maximum and stabilized, as shown in Figure 3. This is because 
the ILs-DLLME process reached equilibrium with 100 μL of 
[OMIM]PF6 as the extraction agent. Therefore, 100 μL [OMIM]PF6 
was used as the optimal extraction solvent volume in subsequent  
experiments.

Effect of dispersant and its volume

Dispersion solvent is considered to be another important factor 
affecting the extraction efficiency.33 The effects of methanol, ethanol, 
acetonitrile and acetone as dispersion solvents were studied. The 
results are shown in Figure 4. When acetonitrile was used, the 
recovery rate was the highest. Perhaps due to the high polarity of 
acetonitrile, the target compound comes into full contact with the 
extractant, thereby improving the extraction efficiency. Therefore, 
acetonitrile was selected as dispersant.

Because the volume of acetonitrile would affect the solubility of 
extraction solvent in water,34 the effect of the volume of dispersion 
solvent on the recovery was also investigated. In Figure 5, when 

600 μL acetonitrile was used for extraction, the recovery of each 
analyte was the highest.

Effect of sample pH value

The pH value is another main factor affecting ILs-DLLME. 
The pH value of the sample solution can affect the stability and 
existing form of the tested compounds by deionizing analytes.35 
The effect of sample pH value in the range of 5.0-8.0 on extraction 
efficiency was studied. Possibly because of analytes containing pKa 
between 6.4 and 7.4, the recovery of analytes was little affected 
by pH value. Therefore, the proposed experiment was carried out  
without pH factor.

Effect of extraction time

The establishment of extraction equilibrium takes some time. 
Ultrasound can accelerate the mass transfer between the two phases, 
shorten the extraction time and improve the extraction efficiency,36 
so it is widely used to assist ILs-DLLME. The effect of ultrasonic 
time of 1-5 min on the extraction results was investigated. Figure 6 
clearly shows that the optimal extraction time is 2 min. When the 
extraction time is more than 2 min, the recovery decreases slightly, 
mainly because some extraction solvents containing some target 
compounds enter the sample solution phase under ultrasonic 
conditions. Therefore, in the preprocessing process, the extraction 
time is set to 2 min.

Figure 2. Effect of volume of extractant on extraction efficiency (75% methanol 
solvent, 50 mL; pH, 7.0; volume of extractant, 400 μL; dispersant, acetonitrile, 
500 μL; extraction time, 5 min; no salt)

Figure 3. Effect of volume of ILs on extraction efficiency (75% methanol sol-
vent, 50 mL; pH, 7.0; volume of extractant, 600 μL; dispersant, acetonitrile, 
500 μL; extraction time, 5 min; no salt)

Figure 4. Effect of type of dispersant on extraction efficiency (75% methanol 
solvent, 50 mL; pH, 7.0; volume of extractant, 600 μL; dispersant, acetonitrile, 
500 μL; extraction time, 5 min; no salt)

Figure 5. Effect of volume of dispersant on extraction efficiency (75% methanol 
solvent, 50 mL; pH, 7.0; volume of extractant, 600 μL; dispersant, acetonitrile, 
600 μL; extraction time, 5 min; no salt)
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Effect of ionic strength

The effect of ionic strength on extraction efficiency was studied 
by adding 0, 2, 4, 6 and 8% sodium chloride to the prepared samples. 
The results showed that the extraction efficiency increased with the 
increase of salt dosage. When the salt concentration was 4%, the 
extraction efficiency was the best (see Figure 7). The results showed that 
different salt concentrations had no significant effect on the recovery of 
six effective composition of Silybum marianum. Therefore, the ionic 
strength of the sample solution was set to 4% for further experiments.

Analytical evaluation

Linearity and limit of detection 
The proposed method was verified, including the linearity, 

precision, repeatability, limit of detection (LOD), limit of 
quantification (LOQ) and recovery of the six target compounds in 
SMS under the optimized conditions. The values obtained through 
validation test are shown in Tables 2 and 3.

The linearity of the established method was evaluated by 
observing the target compounds at various concentrations. A standard 
curve was drawn based on the peak area (Y) and the concentration 
of spiked samples (X, ng kg–1), which demonstrated the linear 
relationship between peak area and the concentration of the six target 
compounds. For each level, three replicate extractions were carried 
out. Good linearity of response (r ≥ 0.9991) within the investigated 
concentration range was obtained for six targets in SMS. 

LOD and LOQ achieved on signal-to noise ratios of 3 and 10, 
for six target compounds ranged from 0.16 to 0.74 ng kg–1 and 0.42 
to 2.52 ng kg–1, respectively.

In order to determine the accuracy, three different concentration 
levels (0.5, 2.0 and 5.0 ng kg–1) were used for recovery experiments 
under the optimal conditions for analytes, respectively. The recovery 
values and relative standard deviations (RSD) are summarized in 
Table 3. The average recoveries obtained were in the range of 89.5 to 
105.6% and RSDs were in the range of 1.5 to 4.6%, which indicates 
that the established method exhibited a high extraction efficiency for 
the six target compounds.

Real samples analysis
The above method was used to determine the concentration of 

the six target analytes in SMS, and the results are listed in Table 4. 
The high-performance liquid chromatograms of six target analytes 
are shown in Figure 8. SCN, SDN, SBA, SBB, ISBA, ISBB were 
detected in all SMS, which indicates that these six compounds are 
commonly in SMS, with SBB content being the highest, with the 
average reaching 37.6% among the detected compounds.

CONCLUSIONS

In this work, ILs-DLLME followed by HPLC under ultrasound 
assisted extraction was established as an effective analytical technique 
for the determination of SDN, SBA, SBB, ISBA, ISBB in SMS. The 
developed method provides good linearity, good precision and high 
sensitivity, meets the requirements to determine SDN, SBA, SBB, 
ISBA, ISBB in SMS. The analytical technique has the advantages of 
simple operation and high enrichment factor. The analytical technique 
shows that the method has sufficient precision and accuracy, and can 
reliably analyze all targets in plant-derived samples.

Figure 6. Effect of extraction time on extraction efficiency (75% methanol 
solvent, 50 mL; volume of extractant, 600 μL; dispersant, acetonitrile, 500 μL; 
ultrasound time, 2 min; no salt)

Figure 7. Effect of ionic strength on extraction efficiency (75% methanol 
solvent, 50 mL; volume of extractant, 600 μL; dispersant, acetonitrile, 500 μL; 
ultrasound time, 2 min; sodium chloride, 4%)

Table 2. Linear range, reproducibility, LOD (limit of detection) and LOQ 
(limit of quantification) of the optimized method

Compound
Correlation 
coefficient 

(r)

Linear 
range / 
(ng L–1)

LOD / 
(ng kg–1)

LOQ / 
(ng kg–1)

RSD 
(n = 3) / %

SCN 0.9992 5-600 0.16 0.42 4.2

SDN 0.9995 5-600 0.35 1.02 2.1

SBA 0.9993 10-500 0.26 0.87 1.6

SBB 0.9993 10-500 0.21 0.63 3.2

ISBA 0.9996 20-800 0.58 1.93 3.5

ISBB 0.9991 20-800 0.74 2.52 2.9

SCN: silychristin; SDN: silydianin; SBA: silybin A; SBB: silybin B; 
ISBA: isosilybin A; ISBB: isosilybin B; RSD: relative standard deviation.

Table 3. The spiked recovery and reproducibility of six target analytes in SMM

Compound

Recovery / %

Spiked level 
(0.5 ng kg–1)

Spiked level 
(2 ng kg–1) 

Spiked level 
(5 ng kg–1)

SCN 102.5 (2.1) 89.8 (2.8) 98.9 (3.3)

SDN 103.6 (3.0) 102.3 (3.6) 105.6 (3.6)

SBA 89.5 (4.6) 97.6 (1.5) 93.2 (1.6)

SBB 99.3 (3.5) 96.2 (2.0) 90.2 (3.5)

ISBA 96.4 (3.6) 104.2 (2.9) 95.4 (1.8)

ISBB 90.1 (2.7) 89.8 (4.2) 100.5 (2.2)

SCN: silychristin; SDN: silydianin; SBA: silybin A; SBB: silybin B; 
ISBA: isosilybin A; ISBB: isosilybin B.
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Figure 8. High-performance liquid chromatograms of six target analytes 
(A: 50 μg mL–1 standard solution of six target analytes; B: sample solu-
tion. SCN tR = 16.023 min, SDN tR = 18.719 min, SBA tR = 28.817 min, 
SBB tR = 30.760 min, ISBA tR = 36.226 min, ISBB tR = 37.966 min)
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