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Abstract
A novel, sensitive, and rapid analytical method for analyzing valifenalate residue in grape, vegetables (tomato, lettuce, eggplant,
potato), and soil was established and validated using a modified quick, easy, cheap, effective, rugged, and safe (QuEChERS)
method by ultrahigh performance liquid chromatography coupled to tandem mass spectrometry (UHPLC-MS/MS). The determination of the analyte was achieved within 4 min for per injection using electrospray ionization (ESI) operated in positive ion
mode, and the retention time was 1.92 min. The developed method exhibited good linearity (R2 ≥ 0.9941) and the limit of
quantitation (LOQ) was 0.5 μg/kg for analyte in selected matrices. The mean recoveries in six matrices ranged from 74.5 to
106.6% with intra-day relative standard deviation (RSD) of 0.7–12.3% and inter-day RSD of 3.2–12.2% at four spiking levels
(0.5, 10, 100, 500 μg/kg) in recovery assays. The proposed method was applied to explore the dissipation rates of valifenalate in
grapes and soil under field conditions, and the half-lives of analyte in grape and soil were 15.5 ± 1.4 and 3.8 ± 0.1 days,
respectively. The study indicated that the method was effective and reliable for detection of valifenalate residues and the
dissipation data can provide reference towards safety application for the analyte.
Keywords Valifenalate . Residues . Degradation rate . Ultrahigh performance liquid chromatography coupled to tandem mass
spectrometry (UHPLC-MS/MS)

Introduction
Many of plant-pathogenic oomycetes are destructive plant
pathogens which cause enormous diseases of agricultural
crops and economic loss worldwide (Kamoun 2003;
Kamoun 2006). Thus, large amount of fungicides is applied
such as quinone outside inhibitor (QoI) fungicides and
phenylamide fungicides, which already have severe resistance
risk for oomycetes (Ulrich and Helge 2008). In order to avoid
and delay fungal resistance, appropriate pesticide mixtures
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containing new fungicides with different action mechanisms
could be used alternately (Gonzálezrodríguez et al. 2011).
Valifenalate (methyl N-(isopropoxycarbonyl)-Lvalyl-(3RS)-3-(4-chlorophenyl)-β-alaninate) (Fig. 1) is a
new-generation systemic dipeptide fungicide as class of
valinamide carbamates which belongs to group of CAA fungicides and is developed by Isagro in 2008. It has high fungicidal activity against plenty of oomycetes in controlling diseases including late blights of potatoes and tomatoes, downy
mildew of vines and other crops, and crown rot of rose
(González-Álvarez et al. 2012; Marsilii et al. 2009; Rao
et al. 2015; Salamone et al. 2014). Valifenalate exerts protective, curative, and eradicative action by interfering cell wall
synthesis of pathogens and further inhibiting mycelial growth
and sporulation of pathogens controlled. It could be applied by
means of stem and foliar treatment as well as soil treatment
and has been in the registration process in many countries.
However, it shows that valifenalate has moderate chronic toxicity to Daphnia magna (Pesticide Properties Database 2018),
and the maximum residue limits (MRLs) of valifenalate have
been regulated by European Union (0.2 mg/kg in grape,
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Fig. 1 The chromatogram (a),
chemical structure, and product
ion spectra (b) of valifenalate

0.1 mg/kg in tomato and eggplant, 0.01 mg/kg in lettuce and
potato). Thus, it is important to investigate the residual characteristic of valifenalate in agricultural products and environmental matrices to ensure food safety and ecological environment security.
In order to monitor the valifenalate residue in different
matrices at trace level, it is important to establish the analytical
method with high sensitivity. Only a few studies have been
reported for the determination of valifenalate using liquid
chromatography coupled to a diode array detector (LCDAD) (Gonzálezrodríguez et al. 2011), high performance liquid chromatography with UV detector (HPLC-UV) (Avuthu
et al. 2016), and high performance liquid chromatography
with PDA detector (HPLC-PDA) (Rao et al. 2015).
However, HPLC and LC followed by UV detectors are usually limited to offer sufficient sensitivity and selectivity for
target compounds in complex matrices (Hu et al. 2015;
Takach et al. 2014). Ultrahigh performance liquid chromatography coupled to tandem mass spectrometry (UHPLC-MS/
MS) has been widely used for determination of pesticide residue in different matrices at trace level nowadays (Yang et al.
2016; Yu et al. 2017; Zhan et al. 2017; Zhang et al. 2016).
Furthermore, it is a powerful analytical technique which has
significant improvement in specificity, resolution, sensitivity,
and analysis speed compared with LC/HPLC-UV
(Churchwell et al. 2005; Wilson et al. 2005; Xu et al. 2011).
Sample pretreatment is another important part in determination of the pesticide residue in different matrices, including
extraction and cleanup procedures. QuEChERS (an acronym

for quick, easy, cheap, effective, rugged, and safe) method has
become a popular pretreatment method in analyzing pesticide
residue in agricultural products and environmental matrices,
because it has lots of advantages compared with traditional
methods, such as feasibility for wide range of polarity of pesticide and matrices with satisfactory recoveries and high sample throughput (Bruzzoniti et al. 2014; Koesukwiwat et al.
2010; Kovalczuk et al. 2008; Tian et al. 2016).
It is the first study to apply QuEChERS method for determination of valifenalate in grape, vegetables, and soil using
UHPLC-MS/MS and further investigate dissipation behavior
of valifenalate in grape and soil. In the research, the modified
QuEChERS pretreatment method was optimized and validated which demonstrated satisfactory recoveries and cleanup
effect. Furthermore, the established method was applied to
monitor pharmacokinetic degradation of valifenalate in grape
field, which could offer essential reference for risk assessment
and rational application of valifenalate.

Materials and Methods
Chemicals and Reagents
Analytical standard valifenalate (98.71%) and the commercial
product of valifenalate (66% valifenalate and mancozeb water
dispersible granule, containing 6% valifenalate) were obtained
from FMC Agricultural Product Corporation (Philadelphia,
PA, USA). HPLC-grade acetonitrile (ACN) and methanol
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(MeOH) were purchased from Sigma-Aldrich (Steinheim,
Germany) and formic acid was obtained from Thermo
Fisher Scientific (Waltham, MA, USA). Analytical grade sodium chloride (NaCl), anhydrous magnesium sulfate
(MgSO 4 ), and ACN were obtained from Beihua Fine
Chemicals Company (Beijing, China). Ultra-pure water was
prepared from a Milli-Q water purification system (Bedford,
MA, USA). The different sorbents including primary secondary amine (PSA, 50 μm), octadecylsilane (C18, 50 μm), and
Florisil (120–400 mesh) were purchased from Bonna-Agela
Technologies (Tianjin, PRC), and multiwalled carbon nanotubes (MWCNTs) of < 8 nm external diameter were supplied
by Boyu Gaoke New Material Technologies (Beijing, China).
Standard stock solutions (100 mg/L) of valifenalate were
prepared by HPLC-grade ACN. The standard solutions and
matrix-matched standard solutions (0.5, 5, 10, 50, 100,
500 μg/L) were prepared from the standard stock solution,
which were serially diluted by HPLC-grade ACN and blank
matrix extract, respectively. All solutions were stored in the
refrigerator in dark at 4 °C before analysis.

Field Experiments
The dissipation experiment of valifenalate in soil was conducted in accordance with the Guidelines for Pesticide
Residue Field Trials (NY/T 788-2004, issued by the
Ministry of Agriculture of the People’s Republic of China)
in the open field of Anhui, People’s Republic of China. The
mean temperature was 34 °C and average humidity was 74%
during the experiment period, and soil physical and chemical
properties were as follows: soil texture (22.0% sand, 68.0%
silt, 10.0% clay), pH (7.4), and organic matter (1.14%). The
working area had no history of the application of valifenalate
and other pesticides with the structure similar to valifenalate.
The area of every experimental set was divided into four 15m2-sized plots including three treatments (as three replicates
to avoid random errors) and one control. The buffer zones
were set between the plots. The commercial product of
valifenalate was sprayed on the grape and soil at 1683 mg of
active ingredient per kilogram (1.5 times of the recommended
dosage). The representative grape and soil samples (approximately 1000 g in each trial plot) were collected at 2 h, 1 day,
3 days, 5 days, 7 days, 10 days, 14 days, 21 days, 30 days, and
45 days after treatment. The soil samples were taken from a
depth of 0–15 cm and the plant debris and stones in soil samples were taken out manually. All samples were put into polyethylene bags and were kept at − 20 °C until analysis.

Instrumentation and Analytical Conditions
Chromatographic separation of valifenalate was performed on
a Waters ACQUITY UHPLC system (Milford, MA, USA),
which was combined with an Acquity UHPLC BEH C18
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column (2.1 × 50 mm, 1.7 μm particle size) also from
Waters Company. The mobile phase consisting of HPLCgrade ACN (solvent A) and 0.2% formic acid (v/v) in ultrapure water (solvent B) was pumped at a constant flow rate of
0.3 mL/min with an injection volume of 3 μL. Gradient elution program was applied and performed as follows: time
0 min, 10% A; 1.8 min, 90% A; 3.0 min, 90% A; 3.1 min,
10% A; and 4.0 min, 10% A. The temperatures of the column
oven and sample vial holder were maintained at 40 and 5 °C,
respectively.
The qualitative and quantitative analysis of valifenalate
was achieved using a Xevo-triple quadrupole (Xevo-TQD)
mass spectrometer (Milford, MA, USA) which was equipped
with an electrospray ionization (ESI) source operating in the
positive mode. The source parameters capillary voltage,
source temperature, cone gas flow, and desolvation gas flow
were 4.5 kV, 150 °C, 500 °C, 50 L/h, and 1000 L/h, respectively. The nebulizer gas was 99.95% nitrogen and the collision gas was 99.99% argon at a pressure of 2 × 10−3 mbar in
the T-wave cell. Multiple reaction monitoring (MRM) mode
was operated for MS/MS analysis of valifenalate. The MS/MS
conditions were optimized to acquire the satisfactory sensitivity and resolution, and the parameters were listed in Table 1.
Data acquisition and processing were achieved by the
MassLynx NT v.4.1 (Waters) software.

Sample Preparation
Modified QuEChERS methodology was applied for
sample preparation including extraction and cleanup
steps. Blank vegetables (tomato, lettuce, eggplant, and
potato) were purchased from the local supermarket, and
blank grape and soil were collected from the control
plot. The fruit and vegetables were chopped and homogenized by Ultra-Turrax homogenizer (IKA-Werke,
Staufen, Germany) after thawing, and the soil was air
dried and passed through a 2-mm sieve. Initially, the
homogenized samples (10 ± 0.1 g) were weighted into
50-mL PTFE centrifuge tubes with screw caps. For recovery experiments, appropriate volumes of four concentration levels of standard solutions were added into
the blank samples, and then the tubes were vortexed for
30 s and allowed to stand for 1 h at room temperature
before extraction step to distribute valifenalate in matrices uniformly. Afterwards, 5 mL pure water (only for
soil samples) and 10 mL ACN were added. The centrifuge tubes were shaken vigorously for 10 min at a frequency of 1350 min−1 using a CK-2000 high-throughput
grinder (TH Morgan, Beijing, China). Then, 1 g NaCl
and 4 g anhydrous MgSO4 were added, the shaking
procedure was repeated for 5 min, and the tubes were
centrifuged for 5 min at 2588×g relative centrifugal
force (RCF). Next, 1.5 mL ACN supernatant was
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MRM parameters for analysis of valifenalate

Compound

Molecular
formula

Molecular
weight

valifenalate C19H27ClN2O5 398.88

RT (min) Selected ion Precursor ion Qualifier ion Cone voltage (V) Collision
Dwell time (s)
(m/z)
(m/z)
energy (V)
1.92

[M+H]+

399.40

116.10a
144.10b

30
30

37
20

0.163
0.163

RT retention time
a

Value represents quantitative ion transition

c

Value is qualitative ion transition

transferred into a 2-mL single-use micro-centrifuge tube
containing different sorbents (50 mg PSA + 5 mg
MWCNTs + 150 mg anhydrous MgSO4 for grape and
tomato, 50 mg PSA + 10 mg MWCNTs + 150 mg anhydrous MgSO4 for lettuce, 50 mg C18 + 150 mg anhydrous MgSO4 for eggplant, 50 mg Florisil + 150 mg anhydrous MgSO4 for potato, 50 mg PSA + 150 mg anhydrous MgSO4 for soil). The tubes were vortexed for
1 min and centrifuged for 5 min at 2400×g RCF subsequently. The supernatant was filtered via a 0.22-μm
nylon syringe filter into the auto-sample vial for
UHPLC-MS/MS injection.

prepared working solution. All samples used in the stability tests
were stored at − 20 °C. The statistics of the stability test samples
were compared with that of the newly prepared samples using
Student’s paired t test at 95% probability.

Data Analysis
The matrix-induced signal suppression/enhancement (SSE)
was evaluated by the equation (Li et al. 2013):
Matrix effect ðME; %Þ

Slope of calibration curves in matrix
−1Þ  100%
¼
Slope of calibration curve in solvent

Method Validation
The performance of the developed method was validated according to European Union SANTE/11813/2017 regulatory
guidelines (European Commission 2017). Several parameters
including selectivity, linearity, matrix effect, sensitivity (the
limit of quantitation (LOQ)), accuracy, precision, and stability
were evaluated. The selectivity was examined by analyzing
the blank samples to verify whether the interference peak was
observed around the retention time (RT) of the analyte or not.
To ascertain linearity, the standard solutions and matrixmatched standard solutions in triplicate at six concentrations
(0.5, 5, 10, 50, 100, 500 μg/L) were analyzed. The parameters
of the obtained linear regression equations (peak area versus
concentration) including slope, intercept, and the coefficient
of determination (R2) were calculated (Table 2). The LOQ was
regarded as the lowest concentration which was validated with
acceptable recoveries.
The recovery assays were performed to estimate the accuracy
and precision of the method. Five replicates at four different
spiked levels (0.5, 10, 100, 500 μg/kg) were prepared on three
different days and then extracted and purified using the procedures in the BSample Preparation^ section. The recoveries (%)
were defined as the ratio of peak area of valifenalate of sample
extracts to that of corresponding matrix-matched standard solutions. The precision in the repeatability and reproducibility was
determined by the intra-day and inter-day assays which was
expressed as the RSD. The stability of the stock solutions was
analyzed monthly by comparing with the response of newly

ð1Þ
The degradation kinetics of valifenalate in grape and soil
were estimated based on the first-order kinetic equation, and
the corresponding degradation rate constants (K) and half-life
(T1/2) were measured by the following equations (Chen et al.
2016):
C ¼ C 0 e−Kt

ð2Þ

T 1=2 ¼ ln2=K

ð3Þ

where C 0 and C represent the concentrations of the
valifenalate at initial time and time t separately. K indicates
the degradation rate of valifenalate.

Results and Discussion
Optimization of Chromatographic Conditions
The composition of mobile phase is a crucial factor which influenced the peak shape, retention behavior, and MS response of the
analyte (Rubert et al. 2010). The conditions of chromatographic
separation were optimized by injection of standard solution of
valifenalate at 100 μg/L. Different compositions of mobile phase
including ACN (solvent A)-water (solvent B), ACN (solvent A)0.2% v/v formic acid in ultra-pure water (solvent B), MeOH
(solvent A)-water (solvent B), and MeOH (solvent A)-0.2% v/v
formic acid in ultra-pure water (solvent B) were investigated to
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Table 2 Comparison of matrixmatched calibration and solvent
calibration of valifenalate (0.5–
500 μg/kg), LOQs, and MRLs for
valifenalate
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Compounds

Matrix

Regression equation

R2

Valifenalate

Acetonitrile
Grape

y = 318.20x + 1064.25
y = 294.86x + 4253.77

Tomato

Slope
ratioa

Matrix
effectb (%)

LOQs
(μg/kg)

MRLs
(μg/kg)

0.9994
0.9956

–
0.93

–
− 7.34

–
0.5

y = 327.84x + 4250.61

0.9976

1.03

+ 3.03

0.5

Lettuce
Eggplant

y = 309.14x + 5674.31
y = 280.95x + 1271.51

0.9941
0.9996

0.97
0.88

− 2.85
− 11.71

0.5
0.5

Potato
Soil

y = 301.44x + 1650.69
y = 299.93x + 2843.04

0.9994
0.9985

0.95
0.94

− 5.27
− 5.74

0.5
0.5

–
200
(EU)
100
(EU)
10 (EU)
100
(EU)
10 (EU)
–

a
Slope ratio = matrix / ACN. b Matirx effect (%)=(slope of calibration curves in matrix/slope of calibration curve
in solvent-1)×100%

obtain better peak shape, shorter analysis time, and higher sensitivity. Gradient elution program was adopted which was described in the BInstrumentation and Analytical Conditions^ section with a constant flow rate of 0.3 mL/min. The retention time
was reduced when ACN was used in mobile phase compared to
MeOH. The higher sensitivity and better peak shape were
exerted when employing 0.2% v/v formic acid in ultra-pure water
in mobile phase than using water in mobile phase that was because the implement of formic acid in mobile phase could contribute to the ionization of valifenalate in the positive ion mode.
Finally, ACN-0.2% v/v formic acid in ultra-pure water was chosen as the mobile phase, and the chromatographic separation of
valifenalate was achieved within 4 min with suitable retention
time (1.92 min) and good peak shape (Fig. 1).

Optimization of MS/MS Condition
The analysis of valifenalate was performed in MRM mode
using UHPLC-MS/MS in accordance with European
Communities Commission Decision 2002/657/EC
(European Commission 2002). The parameters were optimized in both positive and negative mode. Higher signal intensity of precursor ion and preferable fragmentation patterns
were achieved in ESI (+) mode than in ESI (−) mode.
Consequently, the [M+H]+ ion at m/z 399.40 was chosen as
the precursor ion, and the two of the most abundant ions from
its fragments were identified by optimizing the collision energies to obtain the highest sensitivity and minimum interference in different matrix. The more abundant ion was chosen as
the quantitative ion and the other was used as qualitative ion,
the intensity ratio of the qualifier ion/quantifier ion was 0.82 ±
0.02. Table 1 showed the molecular formula, molecular
weight, retention time, selected ions, and optimal parameters
for identification of valifenalate. The mass spectra of daughter
ions of valifenalate were showed in Fig. 1. The quantitative
fragment ion (m/z 116.10) was formed by losing isopropyl
[C3H7] and [C11H11ClNO3] from precursor ion. And the

qualitative fragment ion (m/z 144.10) was formed by losing
isopropyl [C3H7] and [C10H11ClNO2] from precursor ion.

Selection of Extraction and Cleanup Procedure
For extraction step, ACN was used as the extraction solvent
on account of its good dissolving capability for valifenalate.
Moreover, it is suitable for extracting wide polarity range of
pesticides from low-fat matrices with satisfactory recoveries.
And it also does not significantly dissolve the highly polar coextracted matrices (such as sugars) which extensively exist in
food (Wilkowska and Biziuk 2010). Especially ACN could
provide lesser amount of co-extracted matrix components than
other commonly used extraction solvents for lettuce (Konatu
and Breitkreitz 2017). Addition of 1 g NaCl was used for
separating ACN from water phase.
In the cleanup step, dispersive SPE (dSPE) technique was
applied to wipe off residual moisture and some co-extracted

Fig. 2 Comparison of effects of different sorbents (1, 50 mg PSA; 2,
50 mg C18; 3, 50 mg Florisil; 4, 50 mg PSA + 5 mg MWCNTs; 5,
50 mg C18 + 5 mg MWCNTs; 6, 50 mg Florisil + 5 mg MWCNTs; 7,
50 mg PSA + 10 mg MWCNTs; 8, 50 mg C18 + 10 mg MWCNTs; 9,
50 mg Florisil + 10 mg MWCNTs) on recoveries of valifenalate in
different matrices at 100 μg/kg
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Table 3

The recovery and RSDs of valifenalate in six matrices at different spiked levels

Matrix

Spiked level
(μg/kg)

Intra-day (n = 5)

Inter-day
(n = 15)

Day 1
Mean recoveries
(%)
Grape

Day 2
RSDa
(%)

Day 3

Mean recoveries
(%)

RSDa
(%)

Mean recoveries
(%)

RSDa
(%)

RSDb (%)

0.5

99.2

5.8

95.7

4.0

95.8

5.3

5.0

10

92.6

1.6

93.6

5.4

103.4

12.3

9.2

100
500

89.9
90.3

2.5
2.9

93.7
95.0

2.1
2.9

106.6
105.6

11.0
5.8

9.6
7.2

101.6
91.1

6.1
1.3

86.0
94.8

5.4
3.2

89.0
87.1

6.4
1.8

9.2
4.2

100

92.9

2.6

83.4

4.4

79.0

4.5

7.9

500
0.5

90.0
93.5

1.4
8.6

87.9
95.8

4.0
7.3

88.4
99.7

4.5
7.3

3.5
7.5

10
100

85.2
88.7

3.8
2.3

81.8
76.9

6.1
2.3

81.2
74.5

6.1
6.3

5.5
8.8

500
Eggplant 0.5
10

93.1
93.6
78.7

1.8
6.3
2.6

79.3
94.6
81.3

2.8
3.9
5.4

76.3
88.1
83.8

4.6
4.9
5.3

9.6
5.7
5.1

100
500

83.8
85.0

4.9
3.5

82.4
85.8

4.1
0.9

79.1
79.4

9.0
3.4

6.3
4.4

0.5
10
100

100.4
89.8
89.4

4.1
3.3
0.7

87.9
89.0
92.8

4.1
3.4
2.7

95.6
96.5
85.7

5.9
4.3
5.8

7.2
5.1
4.8

500
0.5
10

91.5
96.3
92.2

1.0
7.9
4.9

94.2
75.4
94.6

1.4
4.9
6.1

85.7
77.9
102.3

5.1
6.4
6.5

4.9
12.2
7.2

100
500

80.1
87.6

1.9
1.5

80.5
89.9

1.6
4.5

83.1
94.1

4.3
7.4

3.2
5.7

Tomato 0.5
10

Lettuce

Potato

Soil

a

Intra-day RSD (n = 5)

b

Inter-day RSD (n = 15)

matrices by mixing ACN extracts with the mixture of cleanup
sorbents and MgSO4 (Wu et al. 2014). In order to obtain satisfactory recoveries and effective purifying effect, different cleanup
sorbents and sorbent combinations were evaluated at spiked level
of 100 μg/kg for six matrices (Fig. 2). PSA is useful for removal
of various polar organic acids, pigments, and sugars from nonpolar samples as a weak anion exchanger (Zheng et al. 2015).
C18 can remove non-polar and medium-polar components from
polar samples (Liu et al. 2011). Florisil is the ideal material for
adsorbing polar components from non-polar matrices (Capriotti
et al. 2010; Han et al. 2016; Ma et al. 2016; Sadowskarociek et al.
2018). MWCNTs have huge specific surface areas and possess
extraordinary sorption capacity which could reduce pigments of
the extracts and show excellent cleanup performance when applied to pesticide analysis in fruit and vegetables (Hou et al.
2014; Zhao et al. 2012). The recoveries were all between 70
and 120% applying different cleanup sorbents and sorbent

combinations for six matrices (Fig. 2). The performance of purification was improved when adding MWCNTs to sorbent combinations for grape, tomato, and lettuce which contain high pigments and recoveries were not seriously affected. Based on comprehensive consideration of recoveries and cleanup efficiency,
50 mg PSA + 5 mg MWCNTs (for grape and tomato), 50 mg
PSA + 10 mg MWCNTs (for lettuce), 50 mg C18 (for eggplant),
50 mg Florisil (for potato), and 50 mg PSA (for soil) were used
as a sorbent for different matrices for further study.

Method Validation
Linearity and LOQ
The linearity was acquired using peak areas of product ions
which were obtained from MS/MS analysis. The linearity was
evaluated by fitting different six-point calibration curves
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Fig. 3 Typical UHPLC-MS/MS MRM chromatograms (a blank samples, b spiked samples (0.5 μg/kg), c the matrix standards (0.5 μg/kg); 1–3
represented chromatograms of different matrices: grape, lettuce, soil)

(ACN, grape, tomato, lettuce, eggplant, potato, soil) with the
concentration from 0.5 to 500 μg/L, and relevant regression
equations were listed in Table 2. The satisfactory R2 values
(R2 ≥ 0.9941) of the solvent calibration curve and matrixmatched calibration curves were achieved which showed
good linearity. The LOQ was 0.5 μg/kg for all matrices which
indicated the method was suitable for monitoring trace level of
valifenalate in different matrices. Furthermore, the LOQ was
far lower than the MRLs of valifenalate in different matrices
regulated by European Union (Table 2) (EU - Pesticides database 2014).
Matrix Effect
Matrix effect occurred inherently when using ESI source
due to the properties of droplets and ionization efficiency
of target compounds influenced by co-extracting compounds (Kwon et al. 2012). The matrix effect manifested
as suppression or enhancement of signal response which
limited the quantification of analytes, depending on
Fig. 4 Concentration versus time
plots of valifenalate in grape (a)
and soil (b)

instrumentation, analytes, matrix, sample preparation
methods, etc. (Cappiello et al. 2008; Kruve et al. 2008).
Thus, the matrix effect for analyzing valifenalate based on
the proposed method using MS/MS detector was investigated in our study, by comparing the slope ratio of calibration curves of matrix-matched standards with that of the
solvent standards (Table 3). ME (%) < 0% indicated suppression in signal response, whereas ME (%) > 0% showed
enhancement in signal response. Moreover, it was estimated to be mild SSE effect when absolute value of ME (%) <
20%, medium SSE effect when absolute value of ME (%)
< 50%, and strong SSE effect when the absolute value exceeds 50% (Li et al. 2013). As shown in Table 2, all the
absolute ME (%) values for valifenalate in six matrices
were less than 20% which showed mild signal enhancement effect in tomato and slight signal suppression effect
in other five kind of matrices. Although only mild SSE
effect was observed, matrix-matched calibration curves
should be preferably used for accurate quantification for
valifenalate in corresponding matrices.

Food Anal. Methods (2019) 12:742–751

Accuracy and Precision
The accuracy and precision were estimated and expressed by
recoveries of spiked samples and RSDs obtained from intraday and inter-day assays. The intra-day RSD (n = 5) was measured by comparing standard deviation of the recoveries of the
spiked samples from the same day, and inter-day RSD (n = 15)
was calculated by analyzing the data on three different days.
As shown in Table 3, the satisfactory mean recoveries of
valifenalate at four different spiked levels were in the range
of 89.9–106.6% with intra-day RSD of 1.6–12.3%, 79.0–
101.6% with intra-day RSD of 1.3–6.4%, 74.5–99.7% with
intra-day RSD of 1.8–8.6%, 78.7–94.6% with intra-day RSD
of 0.9–9.0%, 85.7–100.4% with intra-day RSD of 0.7–5.9%,
and 75.4–102.3% with intra-day RSD of 1.5–7.9% for grape,
tomato, lettuce, eggplant, potato, and soil matrices, respectively. In general, the mean recoveries (n = 15) of valifenalate in
six matrices ranged from 74.5 to 106.6%, and the intra-day
and inter-day RSD were 0.7–12.3 and 3.2–12.2% separately.
Figure 3 showed the chromatograms of representative blanks,
spiked samples, and matrix standards. The results demonstrated that the established method provided satisfactory accuracy,
precision, and sensitivity for trace analysis of valifenalate in
grape, vegetables, and soil.

Dissipation of Valifenalate in Grape and Soil
The degradation pattern of valifenalate on grape and soil was
explored based on the established method. The decline curves
were shown in Fig. 4, and the residues in grape was initially
320.5 ± 13.6 μg/kg at 2 h after treatment, which decreased
gradually with lapse of time and declined by more than 50%
and was below MRL (200 μg/kg) set by EU in grape after
14 days. The mean deposits of valifenalate in soil were 21.4 ±
8.1 μg/kg and decreased more than half of initial concentration after 3 days. The dissipation dynamics for valifenalate in
grape and soil were in accord with first-order kinetics (R2 =
0.8199 for grape, R2 = 0.7988 for soil), and the half-lives for
valifenalate in grape and soil were 15.5 ± 1.4 and 3.8 ±
0.1 days separately (Fig. 4). To the best of our knowledge,
this is the first report to explore the dissipation behavior of
valifenalate in grape and soil under open field condition.

Conclusion
In the study, a simple, robust, and sensitive analytical method
was established and validated for the determination of
valifenalate in grape, tomato, lettuce, eggplant, potato, and
soil using UHPLC-MS/MS based on the modified
QuEChERS methodology. The method showed satisfactory
selectivity, linearity, sensitivity, and precision. Good recoveries were obtained between 74.5 and 106.6%. High LOQ was
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0.5 μg/kg which was far less than the MRLs established by
EU. The applicability of the method was confirmed through
monitoring the valifenalate residues in field samples. The halflives of valifenalate in grape and soil were 15.5 and 3.8 days,
respectively. These results could provide reference data for
safety application of valifenalate.
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