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Abstract
A novel dispersive micro-solid-phase extraction (DMSPE) method is established for the determination of seven acaricides 
(clofentezine, benzomate, fenpyroximate, diafenthiuron, pyridaben, doramectin, and ivermectin) in fruit juice and functional 
food by ultra-high-performance liquid chromatography. In this method, these analytes were extracted from apple juice and 
curcuma wenyujin using cucurbituril used as the adsorbent, water as the extraction solvent, and methanol as the elution 
solvent. The primary parameters affecting the extraction efficiency were optimized by experiments for concentration of 
adsorbent, oscillation time, desorption solvent, and pH value and by response surface methodology. Under the optimal con-
ditions, all target analytes had a good linear relationship, with correlation coefficients ranging from 0.9900 to 0.9940, the 
limits of detection were 0.42–5.16 ng/mL, the limits of quantification were 1.39–17.18 ng/mL, and the spiked recoveries of 
seven target compounds in real samples ranged from 70.04 to 94.95%. The intra-day precision RSD variations ranged from 
0.13 to 0.70%, and the inter-day precision RSDs were between 0.38 and 1.4%, which had good reproducibility and repeat-
ability. In general, DMSPE is a convenient, efficient, and environmentally friendly method for sample preparation, which 
has the potential for microextraction.

Keywords Acaricides · Cucurbituril · Dispersive micro-solid-phase extraction · Response surface methodology · Ultra-
high-performance liquid chromatography

Introduction

Clofentezine, fenpyroximate, diafenthiuron, pyridoxal, and 
ivermectin are broad-spectrum acaricides that have been 
developed to control insects and mites (Kasiotis et al. 2018). 
These acaricides are used in the cultivation of fruit trees and 
herb to minimize the possible impact of diseases, weeds, 
and pests, but they are worth noting that the widespread use 
of these pesticides has led to direct food and environmental 
pollution (Zhang et al. 2013). In addition, acaricide residues 

in fruits and natural products have aroused public health 
concerns because many people drink commercial fruit juice 
in daily life (Zeng et al. 2017). The Association of the Indus-
try of Juices and Nectars and the European Union Directive 
on Fruit Juice Quality stipulate that the maximum allowable 
concentration is 0.010 mg/kg for total pesticides. Therefore, 
it is necessary to monitor the quality of fruit juice and herb. 
It is required to establish a sensitive, efficient, and suitable 
analytical method for the determination of acaricides in sam-
ples. In recent years, the methods for detecting acaricides 
residues in actual fruit juice and herb samples need to be 
prepared before instrument analysis. In previous studies, 
some extraction methods, such as dispersive liquid–liquid 
extraction (Zhang et al. 2021), magnetic solid-phase extrac-
tion (MSPE) (Wang et al. 2018), single drop microextrac-
tion (Pakade and Tewary 2010), and solid-phase extraction 
(SPE) (Liang et al. 2018), have been established for various 
sample pretreatment to enrich and separate pesticide resi-
due–containing samples. However, the most obvious disad-
vantage of the above-mentioned method is that the amount 
of solvent used is large and the operation is complicated. 
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Thus, it makes sense to develop efficient and miniaturized 
pre-treatment methods.

In recent years, many extraction methods have been 
reported, such as MSPE technology (Mohamed et al. 2019) 
and SPE technology (El-Wekil et al. 2018a, b). In addition, 
a small extraction model of dispersive micro-solid-phase 
extraction (DMSPE) has also been proposed. This model 
disperses the adsorbent into the sample so that the adsor-
bent is in close contact with the target, which improves the 
adsorption kinetics and improves the extraction efficiency 
(Sahebi et al. 2020). For example, the developed method 
was relied on dispersive solid-phase extraction using syner-
gistic effect of reduced graphene oxide and cobalt hydrox-
ide nanoparticles in addition to cloud point extraction using 
polyethylene glycol 6000 as non-ionic surfactant (El-Wekil 
et al. 2018a, b). Compared with traditional SPE, it utilizes 
the dispersion of adsorbent particles and shortens the extrac-
tion time. In addition, DMSPE has been widely used in the 
fields of pharmacy (Ali et al. 2021), food (Bozorgzadeh et al. 
2020), and environment (Nascimento et al. 2019) due to its 
significant advantages such as low organic solvent consump-
tion, short extraction time, simple operation, and low cost. 
In the DMSPE method, an important factor to be considered 
in terms of efficiency and extraction capacity is the type of 
adsorbent material used. Adsorbents have received exten-
sive attention because of their strong adsorption capacity 
for adsorbents and generally do not react with adsorbents. 
According to previous studies, the common adsorbent mate-
rials used in the proposed method include phenyl meth-
anethiol nanomagnetic composite (Shirkhanloo et al. 2021), 
nanometer-sized titanium dioxide (Hu et al. 2020), anionic 
surfactant sodium dodecyl sulfate (Alyami et al. 2021), and 
cationic gemini surfactant (Hu et al. 2020).

Cucurbituril is one of the representative macrocyclic 
supramolecules after crown ethers, cyclodextrins, and 
calixarene, which is obtained by the reaction of glycoluril 
and paraformaldehyde under strong acid conditions (Zhang 
et al. 2018). The excellent host–guest recognition ability of 
cucurbituril is determined by the larger hydrophobic cav-
ity and multi-electron carbonyl port in its structure (Cui 
et al.  2021). During the process of identifying and binding 
small molecules, the hydrophobic interaction between the 
cucurbituril cavity and the molecule is an important driving 
force for recognition and binding, and the hydrophobic part 
of the small molecule is wrapped in the cavity. The electro-
static interaction and hydrogen bond between the carbonyl 
port and the positively charged part of the guest molecule 
play a role in stabilizing the composite structure and finally 
form a diverse and stable composite system. Based on the 
novel chemical structure and unique properties of cucurbi-
turil, it is widely used in the fields of molecular recognition 
(Li et al. 2020), catalytic reactions (Mustafa et al. 2021), 
drug carriers (Breve et  al. 2020), molecular packaging 

(Hasanzade and Raissi 2020), separation materials (Papa-
dourakis et  al. 2018), and sewage treatment (Ruz et  al. 
2021). Some previous studies have shown that cucurbituril 
as a new type of adsorption material can efficiently adsorb 
dye molecules and metal ions (Sun et al. 2016), but there is 
no research report on the adsorption of pesticide residues.

This study mainly aims to develop a rapid, sensitive, and 
accurate microextraction method for the detection and quan-
tification of acaricides in fruit juice and functional food. 
In order to achieve this goal, the cucurbituril as DMSPE 
adsorbent was studied to evaluate the applicability of this 
method. The proposed method had been developed and veri-
fied from the aspects of single factor optimization (concen-
tration of adsorbent, oscillation time, desorption solvent, and 
pH value), response surface methodology, and methodology 
verification and so on. Under the optimized conditions, the 
proposed method was effectively applied to the extraction 
and enrichment of seven acaricides from apple juice and 
curcuma wenyujin.

Experimental

Chemicals and Reagents

The analytical reagents were supplied by Sigma-Aldrich 
Shanghai Trading Co., Ltd. (Shanghai, China), includ-
ing analytical grade  C18, anhydrous magnesium sulfate 
 (MgSO4), sodium chloride (NaCl), hydrochloric acid (HCl), 
sodium hydroxide (NaOH), and ethyl acetate (EtOAc). 
HPLC-grade methanol (MeOH), ethanol (EtOH), and ace-
tonitrile (ACN) were obtained from Merck Millipore (Darm-
stadt, USA). Cucurbituril (99.3%) was acquired from Hubei 
Jusheng Technology Co., Ltd (Hubei, China). Standards 
containing clofentezine (98.6%), fenpyroximate (99.5%), 
pyridaben (99%), doramectin (98%), and ivermectin (95%) 
were purchased from Aladdin Bio-Chem Technology Co., 
Ltd. (Shanghai, China), while benzomate (99.1%) and 
diafenthiuron (98.1%) were purchased from Tan Mo Quality 
Inspection Technology Co., Ltd (Beijing, China). The pure 
water for the whole experiment was provided by Hangzhou 
Wahaha Group Co., Ltd. (Hangzhou, Zhejiang, China). The 
apple and curcuma wenyujin were purchased from a local 
market (Hangzhou, Zhejiang, China).

Instrumentation and Chromatographic Conditions

The entire experiment was performed on an Agilent 1290 
ultra-high-performance liquid chromatography (UHPLC) 
system (Agilent Technologies, Santa Clara, CA, USA) with 
a binary pump, a diode array detector (DAD), and an auto-
matic sampler. The chromatographic separation was per-
formed on an Agilent Eclipse Plus  C18 (2.1 mm × 100 mm 

1357Food Analytical Methods  (2022) 15:1356–1367

1 3



i.d., 3.5 μm). The water and ACN were taken as mobile 
phase A and B, respectively. Therefore, the elution gradi-
ent is as follows: 0–2 min, 15–50% B, 2–4 min, 50–80% 
B, 4–10 min, 80–100% B. The mobile phase flow rate at 
0.4 mL/min and injection volume was 2 μL. The detection 
wavelength of all analytes was at 240 nm, and the tempera-
ture of the column was kept at 30 °C.

Preparation of Standard and Sample Solutions

Individual stock standard solutions of benzomate, fenpyroxi-
mate, diafenthiuron, pyridaben, doramectin, and ivermec-
tin were prepared at a concentration of 1000 μg/mL, while 
clofentezine was prepared at a concentration of 250 μg/mL 
and was stored at 4 °C in the dark before the working stand-
ard solutions were prepared by diluting the stock solutions 
in methanol.

First, crush the apples into apple juice and crush the 
functional food of curcuma wenyujin into powder. A por-
tion of 1 mL apple juice and 1 g functional food powder 
sample were weighed into a 30-mL wide-mouth bottle, and 
15 mL ACN was then added. The 2.0 g of NaCl and 4.0 g 
 MgSO4 were added and the mixture was ultrasound with 
an KQ-300DE (Kun Shan Ultrasonic Instruments Co., Ltd) 
for 30 min. Finally, the supernatant is stored in a centrifuge 
tube (4 °C). One hundred milligrams of  C18 sorbent pre-
washed with ACN was mixed with apple juice and curcuma 
wenyujin powder extract (1.0 mL) in a 3.0 mL the SPE col-
umn. The analytes were eluted from the SPE cartridge with 
5 × 1 mL of ACN, and the eluate was collected in a centri-
fuge tube. After centrifugation, the supernatant was filtrated 
by a 0.22-μm nylon filter for UHPLC analysis.

Analytical Procedure of DMSPE

The seven acaricides in samples were extracted by DMSPE 
using cucurbituril as adsorbent material. The accurately 
weighed cucurbituril (1.0 mg) was added into 10 mL dis-
tilled water and put into an ultrasonic bath (100 W, 40 Hz) 
for 30 min to obtain a cucurbituril solution with a concentra-
tion of 100 μg/mL. The samples containing seven acaricides 
at a certain final concentration 0.4–2 μg/mL and 60 μL of 
the cucurbituril dispersion at a final concentration of 0.6 μg/
mL were quantified to 10 mL of water into 30-mL wide-
mouth bottle and using the oscillating shaker at a maximum 
speed (500 rpm) for 60 s. In this step, the analytes interact 
with cucurbituril and were separated and concentrated on the 
adsorbent material. Transfer the liquid in wide-mouth bottle 
to a 10.0-mL syringe with a precision pipette, filter it with 
a 0.45-μm disposable nylon filter, and retain the nylon filter. 
Then, a 1.0-mL syringe was selected and eluted the analyte on 
the disposable nylon filter with 100 μL of methanol. Finally, 
moderate samples (2 μL) were injected into the UHPLC for 

identification and quantification of the acaricides. In addition, 
after the cucurbituril solution is prepared, it is relatively stable 
within 2 h of standing at room temperature. And the diagram 
for the DMSPE procedure is in Fig. 1.

Optimization of the DMSPE Procedure

In order to acquire the best extraction condition and great sen-
sitivity, several parameters that may influence the proposed 
DMSPE method are considered in-depth prior to conducting 
experiments, such as concentration of adsorbent, oscillation 
time, desorption solvent, or pH value. During the extraction 
optimization process, the concentration of cucurbituril is opti-
mized from 0.2 to 1.0 μg/mL, oscillation time is optimized 
from 30 to 150 s, pH is optimized from 2.0 to 12.0, and the 
optimization of the elution solvent includes methanol, ethanol, 
acetonitrile, chloroform, and ethyl acetate. Then, the response 
surface methodology (RSM) analysis method is carried out. 
After preliminarily determining the range of each variable 
through previous experiments, three experimental factors 
including concentration of cucurbituril (X1, 0.2–1.0 μg/mL), 
extraction time (X2, 30–150 s), and pH (X3, 2–12) were chosen 
as the independent variables, and the content of analytes was 
set as response variables (Y).

Calculations

Enrichment Factors and Extraction Recovery

To evaluate the performance of the proposed methods, the 
enrichment factors (EFs) and extraction recovery (ER%) were 
calculated using Eqs. (1) and (2) (Peng et al. 2013).

where Cfinal and Cinitial are the concentrations related to the 
eluting phase and the initial sample solution, respectively; Vs 
is the volume of the sample solution; and Ve is the volume 
of the eluting phase.

Adsorption Capacity

Adsorption capacity  (Qe, μg/mg), each analyte adsorbed per 
unit mass of adsorbent could be calculated by Eq. (3) (Xiao 
et al. 2020):

(1)EF =
Cfinal

Cinitial

(2)ER =
Cfinal

Cinitial

×
Ve

Vs

× 100% = EF ×
Ve

Vs

× 100%

(3)Qe =
(Co − Ce)V

W
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C0 and Ce are the initial concentration and equilibrium 
concentration (μg/mL) of the analyte; V is the volume of 
the mixed solution (mL); and W is the weight of cucurbituril 
(mg).

Results and Discussion

Optimization of DMSPE Procedure Conditions

Effect of Cucurbituril Concentration

The amount of cucurbituril was a key factor affecting the 
enrichment factor because the amount of adsorbent influ-
enced the extraction process and the ability of the adsorbent 
(Khezeli and Daneshfar. 2017). In this study, a series of 
experiments were carried out in the range of 0.2–1.0 μg/mL 
by changing the concentration of the adsorbent (cucurbituril) 
in the solution. The other conditions were that methanol was 
the desorption solvent, the oscillation time was 1 min, elu-
tion solvent was methanol (100 μL), and the pH was 7.0. The 
obtained results in Fig. 2A show that the content increases 
with enhancing the concentration of the sorbent from 0.2 to 
0.6 μg/mL. This result may be high concentration of cucurbi-
turil enhance the surface area and the interaction between the 
analytical compound and the adsorbent, and then increasing 

the extraction efficiency. When the concentration of the 
adsorbent increased from 0.6 to 0.8 μg/mL, the content of 
seven acaricides decreased. This phenomenon indicates that 
the higher the concentration of cucurbituril, the stronger the 
adsorption capacity of the target compound, and the target 
compound is difficult to be eluted by the eluent, the lower the 
extraction efficiency (Karcher et al. 2001). And then 0.8 to 
1.0 μg/mL the content nearly remained unchanged. Accord-
ing to the above test results, 0.6 μg/mL cucurbituril solution 
was selected as the best concentration of adsorbent for fur-
ther study. To guarantee the extraction of target compounds, 
the optimal extraction time was 60 s.

Effect of Extraction Time

Extraction time is one of the primary factors in the DMSPE 
which was investigated by using oscillation method. In order 
to identify the optimal time obtained for the extraction, 
extraction time (30, 60, 90, 120, and 150 s) was assessed 
under the same conditions (cucurbituril concentration 
0.6 μg/mL, oscillation speed 500 rpm, elution solvent metha-
nol 100 μL, pH 7). The effect of extraction time on the con-
tent of acaricides is shown in Fig. 2B. The results showed 
that the content of all analytes increased with the increase 
of oscillation time from 30 to 60 s. Generally speaking, suf-
ficient oscillation time in a certain range could the adsorbent 

Fig. 1  Diagram for the DMSPE procedure
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fully contact with the compounds, which will increase the 
extraction efficiency. However, from 60 to 150 s, the content 
of the target analytes decreased with the increase of oscil-
lation time. This may be due to the equilibrium of dynamic 
distribution at 60 s, after which a longer oscillation time may 
lead to the redissolution of the target analytes into the solu-
tion, which may adversely affect the extraction efficiency. To 
guarantee the extraction of target compounds, the optimal 
extraction time was 60 s.

Effect of Elution Solvent

The selection of elution solvent is a crucial parameter that 
directly affects the extraction efficiency, because the elu-
tion solvent could be strong enough to break the interaction 

between the adsorbent and the analytes. In order to find the 
optimal elution solvent, there are five kinds of organic sol-
vents: methanol, ethanol, acetonitrile, chloroform, and ethyl 
acetate were used as solvents to evaluate the influence the 
extraction performance of target compounds, and other con-
ditions remain the same (cucurbituril concentration 0.6 μg/
mL, oscillation speed 500 rpm, oscillation time 60 s, elution 
solvent volume 100 μL, pH 7). As seen in Fig. 2C, the dates 
indicated that the methanol showed the highest content, fol-
lowed by ethyl acetate, ethanol, acetonitrile, and chloroform. 
This phenomenon could be explained by methanol having 
the characteristics of high polarity; thus, the elution ability 
is strong. It can be seen from the figure that chloroform has 
strong elution ability for clofentezine, but chloroform has 
poor elution ability for other acaricides, so chloroform is not 

Fig. 2  The DMSPE optimization process. All the studies were conducted in triplicate (n = 3). A Concentration of adsorption. B Oscillation time. 
C Desorption solvent. D pH value

1360 Food Analytical Methods  (2022) 15:1356–1367

1 3



selected as the elution solvent. Therefore, based on the above 
experimental results, methanol was selected as the optimum 
extraction solvent because of its high extraction efficiency. In 
the previous pre-experiment, the elution volume was greater 
than 100 μL; it had a dilution effect, which could obviously 
affect the extraction efficiency. The elution volume was less 
than 100 μL, the elution could be incomplete and also affect 
the experimental effect, so choose the elution volume for 
100 μL.

Effect of pH Value

The pH value of sample solution is one of the key factors 
that influenced the existing form of analytes in sample solu-
tion (Sun et al. 2015). In this work, the extraction efficiency 
of the target analytes was studied in the pH range of 2.0–12.0 
and the pH value of the sample solution was adjusted with 
1.0 mol/L HCl or 1.0 mol/L NaOH. As can be seen from 
Fig. 2D, maximum content were obtained when pH was 
3.0. Figure 2D shows that the extraction efficiency of the 
seven target compounds increases significantly with the 
increase of pH value from 2.0 to 3.0 and decreases when 
pH value exceeds 3.0. The influence of pH on the adsorp-
tion efficiency is due to its effect on the surface properties 
of the adsorbent in aqueous solution. When pH was 3.0, 
the cucurbituril has a positive surface charge; the adsorbent 
protonated with hydrogen ion in solution. The interaction 
between the analytes and the adsorbent is strong, the desorp-
tion of acaricide by the eluent was facilitated, resulting in 
greater extraction efficiency.

The pKa values of the clofentezine, benzomate, fen-
pyroximate, diafenthiuron, pyridaben, doramectin, and 
ivermectin were 1.68, 1.78, 1.58, 12.19, 2.69, 12.42, and 
12.80, respectively. The pKa reflects the ability of an acid 
to transfer protons to water to form  H3O+, which reflects the 
strength of the acid (Babić et al. 2007). The smaller the pKa 
value, the stronger the acidity. It can be seen from Fig. 2D 
that the acidic conditions (pH 3) favored the interactions 
of the analytes with cucurbituril by intermolecular interac-
tions, as hydrogen bond, which is the major role by the high 
recovery of analytes. In particular, the extraction efficiency 
of clofentezine and benzomate were inhibited under alka-
line conditions, and the other compounds did not change 
significantly. Therefore, acidic environment is conducive 
to adsorption, and the pH value was adjusted 3.0 for the 
following experiment.

Optimization of Extraction Conditions Based 
on RSM

In order to optimize the extraction conditions, the RSM was 
established by describing the relationship between each vari-
able and the response in the experiment (Song et al. 2008). 

Box-Behnken design (BBD) is a commonly used experimen-
tal design method for response surface optimization. After 
preliminarily determining the range of each variable through 
previous experiments, three experimental factors including 
concentration of cucurbituril (X1, 0.2–1.0 μg/mL), extraction 
time (X2, 30–150 s), and pH (X3, 2–12) were chosen as the 
independent variables, and the content of analytes was set 
as response variables (Y). Table S1 showed the experimen-
tal data and content of 17 random ordered runs. According 
to the quadratic polynomial model, different variable com-
binations were used to optimize the extraction conditions 
of DMSPE. The Desk-Expert software (Version 8.0.6) was 
used to evaluate the coefficients in the multiple linear regres-
sion model, and the final models of the seven target analytes 
were as follows:

Y ( C l o fe n t e z i n e )  =  4 . 1 0  +  0 . 4 7X 1  +  0 . 2 3X 2–
0.1X3 + 0.40X1X2–0.031X1X3 + 0.29X2X3–0.64X1

2–
0.36X2

2–0.41X3
2.

Y ( B e n z o m a t e )  =  8 . 0 6  +  0 . 7 8X 1 – 0 . 0 5 2X 2 –
0.36X3 + 0.90X1X2 + 0.18X1X3 + 0.83X2X3–1.35X1

2–
0.50X2

2 + 0.077X3
2.

Y(Fenpyrox ima te )  =  9 .67  +  0 .61X 1 +  0 .54X 2–
0.16X3 + 0.96X1X2 + 0.18X1X3 + 0.68X2X3–1.21X1

2–
0.79X2

2–0.14X3
2.

Y ( D i a fe n t h i u ro n )  =  9 . 6 6  +  0 . 6 3X 1  +  0 . 6 4X 2–
0.26X3 + 1.00X1X2 + 0.55X1X3 + 0.72X2X3–1.29X1

2–
0.91X2

2–1.76E-003X3
2.

Y ( P y r i d a b e n )  =  9 . 6 7  +  0 . 5 1 X 1  +  0 . 6 9 X 2 –
0.19X3 + 1.06X1X2 + 0.26X1X3 + 0.68X2X3–1.27X1

2–
0.88X2

2–0.066X3
2.

Y ( D o r a m e c t i n e )  =  9 . 2 5  +  0 . 7 9X 1  +  0 . 3 7X 2–
0.15X3 + 0.78X1X2 + 0.13X1X3 + 0.74X2X3–1.19X1

2–
0.79X2

2–0.20X3
2.

Y ( I v e r m e c t i n e )  =  9 . 1 9  +  0 . 9 3X 1  +  0 . 5 3X 2 –
0.091X3 + 1.12X1X2 + 0.053X1X3 + 0.74X2X3–1.24X1

2–
0.37X2

2–0.16X3
2.

Analysis of variance (ANOVA) test was used to ana-
lyze the suitability and evaluation of the regression model. 
Analysis of variance, goodness of fit, and adequacy of 
seven acaricides (clofentezine, benzomate, fenpyroximate, 
diafenthiuron, pyridaben, doramectin, and ivermectin) are 
concluded in Table S2. The p values were applied to test the 
significance of the differences between the statistical varia-
bles, in order to understand the interaction strength between 
the variables (Pourmortazavia et al. 2019). According to 
ANOVA, Table S2 showed that the p values of seven acari-
cide compounds were less than 0.0500, which indicated that 
the quadratic polynomial regression model was significant. 
In addition, the p values for lack of fit (0.8469–0.9909) 
were non-significant, which demonstrated that the regres-
sion model greatly expressed the experimental results. 
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The determination coefficients (R2) of clofentezine, ben-
zoate, fenpyroximate, diafenthiuron, pyridaben, doramec-
tin, and ivermectin for the response were 0.9706, 0.9410, 
0.9786, 0.9669, 0.9799, 0.9801, and 0.9370, which implied 
93.70–98.01% of total variation could be interpreted by 
this model. The adjusted coefficient of multiple determina-
tion (Radj

2) of acaricide compounds ranged from 0.9370 to 
0.9801, which demonstrated that the model could predict 
the change of extraction efficiency, and the coefficient of 
variation (C.V%) varied from 2.95 to 6.02, which verified 
the availability of the experimental results of the regression 
model.

The three-dimensional (3D) response surface diagram 
could intuitively reflect the influence of various factors on 
the response value in order to find the optimal extraction 
parameters and the interaction between the parameters. The 
response surface of the model described that by adjusting 
these two factors at the same time, the third variable was 
kept at the central level (level 0), which could intuitively 
reflect the influence of the independent variable on the 
dependent variable. Thus, extraction efficiency of seven 
compounds were affected by the concentration of adsorbent 
(X1), extraction time (X2), and pH (X3) as shown in Fig. S1. 
On the basis of the statistical analysis and the 3D response 
plots, the variables X1 and X2 had a significant effect on 
the extraction rate in this model, while the variable X3 had 
non-significant effect on the extraction efficiency. According 
to RSM, the optimal extraction conditions were predicted 
as follows: concentration of cucurbituril was 0.63 μg/mL, 
extraction time was 70 s, and pH was 2.8 for the subsequent 
sample experiments.

Sorption Capacity of Cucurbituril

The adsorption capacity of the adsorbent is an important 
factor, which determines the amount of adsorbent needed 
in the sample solution to quantitatively adsorb the tar-
get analyte (Rojas et al. 2013). In order to determine the 
adsorption capacity of cucurbituril for the acaricide analyte, 
adsorption tests were performed at room temperature. In this 
experiment, about 0.3-mg cucurbituril particles were added 
to a 10-mL sample solution, where the concentration of 
clofentezine was 2.5 to 20 μg/mL, and the concentration of 
other analytes was 10–80 μg/mL. All the experiments were 
carried out in triplicate. The relationship between adsorp-
tion capacity and target analyte concentration is shown in 
Figure S2. It can be seen from the curve that as the initial 
concentration of the target analyte in the sample solution 
increases, the amount of the target analyte adsorbed per 
unit mass of cucurbituril increases significantly, and then 
reaches the plateau value, which determines the adsorption 
capacity of the relevant adsorbent. In this study, the sorp-
tion capacities of clofentezine, benzomate, fenpyroximate, Ta
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diafenthiuron, pyridaben, doramectin, and ivermectin were 
determined to be 601, 1665, 1995, 1933, 2322, 2659, and 
2326 μg/mg, respectively.

Method Validation

Based on the previous optimal experimental conditions, 
linear range (LR), correlation coefficient (R2), the limit of 
detection (LOD) and quantification (LOQ), relative standard 
deviation (RSD), and other quantitative characteristics of 
the proposed method were evaluated to verify the effective-
ness of the DMSPE method. The results of the calibration 
curves are shown in Table 1, and the selected acaricides 
had a good linear relationship with the method (R2 ranged 
from 0.9900 to 0.9940). The extraction efficiency ranged 
from 78.89 to 98.36%. In order to evaluate the precision of 
the method, the 2 μg/mL acaricides was used as the stand-
ard solution, and the experiment was repeated six times on 
1 day and 3 consecutive days. The intra-day precision RSD 

variations of retention time ranged from 0.007 to 0.033% and 
peak areas ranged from 0.126 to 0.695%, while the inter-day 
precision RSD variations of retention times were between 
0.018% and 0.307% and peak areas were between 0.377 and 
1.357%. According to the signal–noise ratio, the LOD and 
LOQ (S/N) of each compound were 3 and 10, respectively. 
The LOD values of seven analytes ranged from 0.418 to 
5.155 ng/mL, and LOQ values ranged 1.394 to 17.182 ng/
mL, demonstrating that the established method had ultra-
high sensitivity. The EFs as for clofentezine, benzomate, 
fenpyroximate, diafenthiuron, pyridaben, doramectin, and 
ivermectin were 308, 208, 1975, 2156, 2529, 1362 and 1479, 
respectively. Obviously, compared with traditional methods, 
the developed method has significant advantages.

Application to Real Samples

The applicability and accuracy of the DMSPE method in 
actual samples were studied by extracting of acaricides from 

Fig. 3  UHPLC chromatograms 
of seven acaricides. a 2 μg/
mL standard solution. b After 
enrichment by DMSPE method. 
(1) clofentezine, (2) benzom-
ate, (3) fenpyroximate, (4) 
diafenthiuron. (5) pyridaben, (6) 
doramectine, (7) ivermectine
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b 

Fig. 4  UHPLC chromatograms 
of seven acaricides in spiked 
and after DMSPE method apple 
juice sample. (1) clofentezine, 
(2) benzomate, (3) fenpy-
roximate, (4) diafenthiuron. (5) 
pyridaben, (6) doramectin, (7) 
ivermectin
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apple juice and curcuma wenyujin samples under the opti-
mal conditions. Figure 3 showed UHPLC chromatograms 
of DMSPE method for 7 acaricides. And UHPLC typical 
chromatograms of apple juice samples with 0.1 μg/mL 
spiked and after DMSPE method are shown in Fig. 4. The 
results indicated that clofentezine, benzomate, fenpyroxi-
mate, diafenthiuron, pyridaben, doramectin, and ivermectin 
residues in all samples were lower than the detection level. 
Thus, the accuracy of the proposed method was evaluated 
by the recovery rate of standard addition. In the recovery 
experiment, seven acaricide pesticide standards with concen-
trations of 0.1 and 1 μg/mL were added to the samples. The 
quantitative results and recovery of target compounds are 
summarized in Table S3. The spiked recoveries of seven tar-
get compounds in real samples ranged from 70.04 to 94.95%. 
And the RSD variations of retention times ranged from 0.54 
to 1.66%, and peak areas ranged from 3.44 to 9.82%. In 
conclusion, this method had good effectiveness and high 
sensitivity for the detection of acaricides.

Comparison of the Proposed Method with Other 
Methods

The DMSPE acaricide determination method proposed in 
this article is compared with other published methods and is 
summarized in Table 2. It could be concluded from Table 2 
that there are seven compounds analyzed in this experiment, 
the analysis time is the least compared with other methods. 
The extraction solvent was water, and few organic solvents 
were used in the entire extraction process, which is safer 
and more environmentally friendly. At the same time, the 
experimental process was simple and convenient, signifi-
cantly shortening the extraction time, and the LOD was 
significantly lower than other methods, greatly improving 
the efficiency of the experiment. In conclusion, compared 
with the previously reported methods, this method has the 
advantages of safety, reliability, high economic efficiency, 
and less harm to the environment.

Conclusion

In this work, cucurbituril was used as a novel adsorbent in 
the DMSPE program for the first time and used in combina-
tion with UHPLC to determine acaricides in fruit juice and 
functional food. The experimental results showed that this 
method had several advantages, such as convenient opera-
tion, good repeatability, low detection limit, use of small 
amounts of organic solvents, and less sample consumption. 
And owning to the use of adsorbents that do not require any 
synthesis, adjustment, and pretreatment, the preparation time 
is very short. Finally, based on the above advantages and 

reliable experimental results, it is shown that the DMSPE 
method is a viable option for the determination of acaricide 
residues in real samples for future research.
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