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Abstract 

A simultaneous analytical method has been developed for quantification and confirmation of the nematicide flu‑
azaindolizine and its seven metabolites (IN‑A5760, IN‑F4106, IN‑QEK31, IN‑QZY47, IN‑TMQ01, IN‑UNS90 and IN‑UJV12) 
in agricultural products. The compounds were extracted with acetonitrile/water (80/20, v/v) and purified using  C18 
cartridge, and analysis was conducted by liquid chromatography‑tandem mass spectrometry in the electrospray 
positive and negative ion mode. The method has been validated by verifying the performance characteristics such 
as selectivity, linearity, limit of detection (LOD), limit of quantification (LOQ), accuracy and precision. To prevent the 
matrix effects, all analytes were quantified with matrix‑matched calibration assessed by the determination coefficient 
(R2) of the range from 0.9988 to 1.0000. The LOD and LOQ were satisfactory to determine the low residual level in agri‑
cultural products. The accuracy and precision of the method were evaluated by recoveries with five replicates at three 
fortification levels (LOQ, 10 × LOQ and 50 × LOQ). The mean recoveries of fluazaindolizine and seven metabolites 
in agricultural products were 75.6–110.0% with the CV% of 0.2–9.1%. All optimized results were displayed excellent 
results assessed by the Ministry of Food and Drug Safety guidelines and the Codex Alimentarius Commission guide‑
lines for pesticide residue analysis. This study could use as basic data for setting of residue definition and maximum 
residue limits of fluazaindolizine in agricultural products.
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Introduction
Root-knot nematodes are distributed throughout the 
world and about 2,000 plant species have exposed to 
infection by them. They are one of the genera of plant-
parasitic nematodes that economically damaging on 

garden and agricultural crops and their infection results 
in approximately 5% losses of crop over the world [1]. The 
larvae of root-knot nematodes invades host plants via the 
roots as second-stage juveniles (J2) and cause adverse 
effects on plant growth by feeding on plant nutrients 
after reaching maturity. Also infected roots develop gray 
or milky galls that are not consistent in shape and size, 
and rot as they become brown [2]. The main root-knot 
nematodes that cause a lot of damage in Korea are known 
as Meloidogyne incognita, M. hapla and M. arenaria [3]. 
In order to control the root-knot nematodes, pesticides 
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are treated in the soil before planting, and if moisture in 
the soil is properly maintained and facility is sealed, sec-
ondary insecticidal effects can be obtained by increasing 
the temperature [4].

Fluazaindolizine (CAS No. 1254304-22-7) is a sulfona-
mide pesticide being developed in 2015 by DuPont Crop 
Protection. It is a high effective and selective nemati-
cides, especially to control root-knot nematodes such 
as M. incogn13ita and M. hapla. Fluazaindolizine could 
destroy the calcium stability in nematode cytoplasm by 
binding to the special points of the Lyanodine receptor 
(RyR), a class of intracellular calcium channel. As a result, 
it affects the movement of muscle and heart and leads 
to paralysis and death [5, 6]. Lahm et  al. reported that 
fluazaindolizine has a bad influence at concentrations 
range of 1–50 mg/L on motility, mobility and infectivity 
of larvae of M.incognita and M. hapla. This shows that 
the target of fluazaindolizine is plant-parasitic nematodes 
specific. Also, it has been indicated to be very compat-
ible with a biological agents, such as helpful fungi, bac-
teria and other nematodes that inhabit the soil [7, 8]. 
As a result, fluazaindolizine helps to sustain soil health 
environment and increases the quality of crops and crop 
yields.

According to report data provided by duPont, flu-
azaindolizine is usually metabolized via O-demethyl-
ation and hydrolysis into the seven major metabolites 
including IN-A5760, IN-F4106, IN-QEK31, IN-QZY47, 
IN-TMQ01, IN-UNS90 and IN-UJV12 in the environ-
ment. In addition to this, the metabolic pathway of major 
metabolites is very complex and generated a large num-
ber of conjugated metabolites. Applied pesticides may 
be transformed into a large number of metabolites under 
degradation by environmental conditions and conjuga-
tion with a multitude of natural compounds in the crop 
and soil. Parent compounds and metabolites may display 
with very different physicochemical properties and envi-
ronmental behaviors such as half-life and toxicity [9–11]. 
The metabolites are a matter of concern, because they 
may act like an active ingredient of the target and may 
exhibit higher toxicity than parent compounds [5, 12]. 
Thus, pesticide metabolites that remaining in the envi-
ronment, especially agricultural products, should also be 
strictly managed.

For monitoring and risk assessment of pesticides, sev-
eral foreign regulatory authorities, including the Codex 
Alimentarius Commission, US Environmental Protection 
Agency and European Commission, have been estab-
lished the maximum residue limit (MRL) and residue 
definition in or on food of plant and animal origin. Inclu-
sion of metabolites in the residue definition of pesticide 
is considered when they detected at significant propor-
tions of the total radioactive residue (TRR) and residue 

levels [13]. The MRL and residue definition of fluazain-
dolizine have not been established in any countries, and 
when fluazaindolizine is detected on the domestic and 
imported foods in Korea, the residual amount should be 
less than 0.01 mg/kg according to the positive list system 
(PLS). However, if an MRL based on appropriate experi-
mental data is not established and the residual amounts 
is continuously regulated by PLS, the violation rate of 
particular crops may increase. Therefore, it is important 
to develop a simple and accurate method for further 
establishment of fluazaindolizine.

Chen et  al. [5] developed the analytical method for 
fluazaindolizine and seven metabolites in tomato using 
LC–MS/MS and evaluated the dissipation behavior 
and residue distribution under open-field conditions. 
The mean recoveries of parent and seven metabolites in 
tomato were 81–117% with the RSDs less than 11%, and 
the method was suitably for multi-quantitation of flu-
azaindolizine and seven metabolites residue in tomato. 
However, an analytical method with satisfactory results 
in five agricultural products (hulled rice, potato, soy-
bean, mandarin and green pepper) is required in order to 
become an official method in Korea. In this study, as the 
residue definition of fluazaindolizine is expected to be 
established as the sum of parent compound plus its seven 
metabolites, an analytical method was developed that 
can analyze all compounds simultaneously in five crops.

Experimental
Standard, reagents and samples
The pesticide standard of fluazaindolizine (99.7%) and 
its seven metabolites, including IN-A5760 (98.7%), IN- 
F4106 (99.6%), IN-QEK31 (100.0%), IN-QZY47 (85.2%), 
IN-TMQ01 (98.1%), IN-UNS90 (92.9%) and IN-UJV12 
(97.0%), were provided by Corteva Agriscience, agricul-
ture division of  DowDuPont™ (Wilmington, Delaware, 
United States). HPLC-grade acetonitrile and metha-
nol were purchased from Merck (Darmstadt, Germany) 
and hydrochloric acid was supplied by Fisher Chemical 
(Quebec, Canada).  C18 SPE cartridges (6 cc, 500 mg) was 
purchased from Waters (Dublin, Ireland) and the PVDF 
syringe filter (0.2  μm ×13  mm) was obtained from Tek-
nokroma (Barcelona, Spain). All agricultural samples 
used to develop the method were purchased, which 
were not treated with pesticides. A five samples of man-
darin, potato, soybean, green pepper and hulled rice 
were purchased from the local supermarket (E-mart, 
homeplus) in the city of Cheongju. The hulled rice and 
soybean samples were crushed with a blender and then 
filtered through a standard sieve of 420 μm, and potato, 
mandarin and green pepper samples were chopped and 
homogenized. The processed samples were placed in a 
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plastic container and stored at − 50 °C freezer until used 
in experiments.

Preparation of stock solutions and standard solutions
A stock solutions of fluazaindolizine, IN-A5760 and 
IN-F4106 were prepared in acetonitrile at a concen-
tration of 1000  mg/L, respectively. On the other hand, 
stock solutions of IN-QEK31, IN-QZY47, IN-TMQ01, 
IN-UNS90 and IN-UJV12 were individually dissolved in 
methanol/water (80/20, v/v) solution at a concentration 
of 1,000  mg/L. A standard solutions of fluazaindolizine 
for the recovery test were diluted of the stock solution 
with the same solvent to concentrations of 12.5, 2.5 and 
0.25  mg/L. Calibration solutions were prepared by seri-
ally diluting the 2.5 mg/L with acetonitrile to yield solu-
tions of concentrations 0.02, 0.025, 0.05, 0.1, 0.25 and 
0.5  mg/L. The matrix-matched solutions were prepared 
by dilution 100  μL of the calibration solutions with 
900  μL of the blank samples in order to include more 
than 90% of the matrix. The mixed standard solutions of 
seven metabolites (mixture A) were prepared by mixing 
stock solutions with methanol/water (80/20, v/v) solution 
at a concentrations of 62.5  mg/L (IN-A5760, IN-F4106, 
IN-QZY47 and IN-UJV12) and 12.5  mg/L (IN-QEK31, 
IN-TMQ01 and IN-UNS90). Mixture B was made by 
diluting five times of mixture A and mixture C was made 
by diluting 10 times of mixture B. The mixed calibra-
tion solutions were gradually diluted the mixture B with 
methanol/water (80/20, v/v) solution following the con-
centrations of 0.1, 0.125, 0.25, 0.5, 1.25 and 2.5 mg/L for 
four metabolites and the concentrations of 0.02, 0.025, 
0.05, 0.1, 0.25 and 0.5  mg/L for three metabolites. The 
matrix-matched solutions of metabolites were prepared 
in the same way as parent compound. The stock solutions 
were stored at − 20  °C refrigerator in amber glass vials, 
and the standard solutions were freshly prepared and 
diluted before each analysis.

Instrumental conditions
Fluazaindolizine and seven metabolites were analyzed 
by LC (Acquity UPLC, Milford, MA, USA) equipped 
with tandem mass spectrometer (Xevo TQ-S, Milford, 
MA, USA) and were separated on a Candenza CD  C18 
HT (2.0 mm i.d. ×150 mm, 3.0 μm particle size) analyti-
cal column. The mobile phase was used using a gradient 
system that started at 10% of 0.1% formic acid in ace-
tonitrile (A) and 90% of 0.1% formic acid in water (B). 
The linear mobile phase kept at 10% of A (0–2  min), 
increased to 70% of A (2–5  min), increased to 90% of 
A (5–7  min), increased to 100% of A (7–8  min), held 
at 100% of A (8–9 min), and reduced back to the initial 
conditions (9–10 min), where it was held (10–12 min). 
The flow rate and injection volume were 0.2  mL/min 

and 5  μL, respectively, and column temperature was 
maintained at 40  °C. An electrospray ionization (ESI) 
source was operated in positive ion mode for IN-
QEK31 and negative ion mode for fluazaindolizine and 
six metabolites. Capillary voltage was 1 kV, and source 
and desolvation temperature were controlled at 150 °C 
and 500 °C, respectively. Cone gas and desolvation gas 
flow were 150 L/hr and 1000 L/hr, respectively. Multi-
ple reaction monitoring (MRM) mode was selected for 
simultaneous analysis.

Sample preparation
To analyze fluazaindolizine in five agricultural samples, 
the processed sample (5 g) was weighed into 50 mL cen-
trifuge tube. In the case of dry samples, a certain amount 
of water was added to the samples and waited for it to 
be wet sufficiently. 10  mL of acetonitrile/water (80/20, 
v/v) was added into the tube, and then shaken for 10 min. 
After first extraction, the tube was centrifuged for 10 min 
at 4  °C, 4000 G and the supernatant was decanted into 
a new 50  mL centrifuge tube. A second extraction was 
conducted in the same procedure as above. After then, 
the extracts were combined and adjusted total volume to 
25  mL with acetonitrile/water (80/20, v/v), followed by 
centrifugation for 10 min at 4 °C, 4000 G. The 5 mL of the 
supernatant was transferred to a 15  mL centrifuge tube 
and it was evaporated to a volume less than 1 mL under a 
nitrogen stream. The residue was redissolved with water 
to a volume of 3  mL.   C18 cartridges were conditioned 
with 3 mL of methanol and 3 mL of water, and were then 
loaded with 3 mL of redissolved residue. The cartridges 
were washed with 3 mL of methanol/water (30/70, v/v), 
and were eluted with 4  mL of methanol/water (70/30, 
v/v) into a 15  mL centrifuge tube. The eluent was fil-
tered through a PVDF syringe filter prior to LC–MS/MS 
analysis.

To quantify seven metabolites in the crop samples, 
5  g of the homogenized sample was extracted follow-
ing the extraction procedure of fluazaindolizine. After 
taking 5 mL of the supernatant which was adjusted vol-
ume, the samples were concentrated to a volume less 
than 1 mL and reconstituted with 2 M hydrochloric acid 
to a volume of 3 mL. The tubes were capped loosely and 
were placed in a heating block set to 80 °C for 16 h. After 
hydrolysis step, the tubes were placed in a room tempera-
ture and were allowed them to cool.  C18 cartridges were 
conditioned following the above step, and hydrolyzed 
samples were loaded onto the cartridge. The compounds 
were washed with 1 mL of methanol/water (40/60, v/v), 
and were eluted with 4  mL of methanol/water (50/50, 
v/v) into a 15 mL centrifuge tube. The eluent was filtered 
via PVDF syringe filter and analyzed using LC–MS/MS.
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Method validation
Method validation was conducted by verifying the per-
formance characteristics of analytical method such as 
selectivity, linearity, limit of detection (LOD), limit of 
quantification (LOQ), accuracy and precision. Valida-
tion results were assessed by the MFDS guidelines on the 
standard procedures for preparing an analysis method 
[14] and Codex Alimentarius Commission guidelines for 
pesticide residue analysis [15]. Selectivity was assessed by 
comparing the chromatograms of standard solutions, the 
blank sample and samples spiked with target compounds. 
Linearity was evaluated by calculating the determination 
coefficient (R2) of a matrix-matched calibration curve 
over six concentration levels. The LOD is defined as the 
smallest concentration of analyte that can be clearly dis-
tinguished from zero and LOQ is the lowest concentra-
tion of analyte that can be quantitatively detected. The 
LOD and LOQ were calculated as the signal-to-noise 

ratios (S/N) at three and ten times, respectively. The 
accuracy test was performed by fortifying at three spik-
ing levels (LOQ, 10 ×LOQ and 50 ×LOQ) onto blank 
samples and divided into two experiments because flu-
azaindolizine degrades into IN-F4106 and IN-QEK31 
during hydrolysis. The accuracy was assessed in terms of 
recovery by calculating the average of five replicates and 
the precision was estimated from the coefficient of varia-
tion (CV%) of within-laboratory recovery analyses.

The matrix effects (ME%) are caused by interaction 
of the target compound and co-eluting components 
of matrix. It can be obtained by calculating the average 
values of the peak area between the compound spiked 
onto blank sample and compound dissolved in pure sol-
vent, and assessed in terms of ion suppression (loss in 
response) or ion enhancement (increase in response) [16, 
17]. ME% of fluazaindolizine and seven metabolites was 
calculated as follows.

ME% =

((

peak area of standard in blank sample− peak area of standard in pure solvent
)/

peak area of standard in pure solvent
)

× 100.

Table 1 Summary of the properties of fluazaindolizine and seven metabolites, MRM transitions and MS operating parameters

a  Quantification ion

Compound Molecular formula Molecular 
weight (g/mol)

Exact mass 
(g/mol)

Precursor 
ion (m/z)

Product 
ion (m/z)

Collision 
Energy (eV)

Cone 
Voltage 
(V)

Retention 
time (min)

Fluazaindolizine C16H10Cl2F3N3O4S 468.2 466.97 466 157a 27 33 7.7

142 36

IN‑A5760 C6H6ClNO3S 207.6 206.98 206 142a 15 37 5.4

106 15

122 14

IN‑F4106 C7H8ClNO3S 221.7 220.99 220 156a 15 47 6.0

78 22

141 18

IN‑QEK31 C9H4ClF3N2O2 264.6 263.99 265 184a 35 4 6.1

157 42

219 29

IN‑QZY47 C10H13ClN2O5S 308.7 307.54 307 220a 17 33 5.0

141 30

156 26

IN‑TMQ01 C10H11ClNO6S 308.7 307.86 308 220a 18 29 5.6

141 29

156 25

IN‑UNS90 C9H9ClNO6S 294.7 293.85 294 206a 19 33 5.2

78 32

142 29

IN‑UJV12 C9H11ClN2O5S 294.7 293.52 293 206a 18 38 4.6

78 29

142 26
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Results and discussion
LC–MS/MS conditions
Table  1 indicated summary of properties of fluazain-
dolizine and its seven metabolites and instrumental 
parameters of the optimized MS/MS analysis. Each 
standard solutions were directly injected into the mass 
detector at a constant rate (10 μL/min) in order to opti-
mize the precursor ion and product ions and obtain the 
optimal cone voltage and collision energy, which maxi-
mize the intensity. Two or three MS/MS transitions were 
selected for the quantification and confirmation of the 
analytes. The transition with the highest intensity was 
used for quantification, and the second and third highest 
intensity were utilized for confirmation. IN-UNS90 and 
IN-JV12 showed the highest intensity at m/z 206, which 
is precursor ion of IN-A5760, and IN-QZY47 and IN-
TMQ01 showed the highest intensity at m/z 220, which is 
precursor ion of IN-F4106 (Fig. 1). When the compounds 
are analyzed with the optimized transition, IN-A5760 
co-eluted with IN-UNS90 and IN-UJV12, and IN-F4106 
co-eluted with IN-QZY47 and IN-TMQ01. This phenom-
enon may lead to ion-suppression and cross-talk effects. 
The cross-talk effect mainly occurs in MRM mode and 
appears when analyzing compounds with the same prod-
uct ion or structural similarities [17]. And that effect is 
more pronounced when it is influenced by the matrix 
interference compared to the analysis of the pure stand-
ard solutions. To solve this phenomenon, an isotopically 
labeled internal standards are sometimes used to distin-
guish which compound the product ion is derived from. 
However, internal standards are not always available and 
also there is the problem of cost to get it particularly 
in the case of metabolites [18, 19]. Therefore, the com-
pounds are classified by different retention time under 
gradient conditions in this study.

Optimization of sample extraction and acid hydrolysis
Fluazaindolizine is degraded into metabolites IN-F4106 
and IN-QEK31 due to the breakdown of amide bond 
(-CONH-) in the molecular structure during hydrolysis. 
Therefore, the recovery experiments of the parent com-
pound and seven metabolites were carried out by fortify-
ing onto different sample, respectively. In addition, since 
information on the physicochemical properties of metab-
olites is insufficient, the recovery tests of the metabo-
lites were conducted first and the parent compound was 
reviewed using a method that satisfies all the criteria. 
Chen, X. et  al. [5] used methanol/water (70/30, v/v) to 
extract fluazaindolizine and seven metabolites residue 
in tomato, tomato plant, and soil. In order to compare 
the extraction efficiency according to the mixture ratio 
of methanol and water and the number of extractions 
(one time of 20 mL or two times of 10 mL), metabolites 

were spiked in mandarin sample. As a result, the recov-
eries were slightly higher in the two times extractions 
and there was no significant difference depending on the 
ratio of the mixture. The extraction solvent was selected 
with methanol which was easy to concentrate before the 
purification process, and applied to soybean sample. The 
recoveries of all metabolites have tended to decrease, 
and recoveries of IN-A5760, IN-QEK31, and IN-TMQ01 
were less than 70% which did not meet the criteria for 
pesticide residue analysis. Because soybean contains a 
large amount of fats and proteins that act as emulsifiers, 
separation between water and organic solvent is not clear 
and the amount of extracted solution decreases [20]. 
Next, the extraction efficiency of acetonitrile, a polar sol-
vent such as methanol, was examined in order to lower 
the extraction of non-polar interfering substances. As a 
result of two times extractions of soybean sample mois-
tened with 5  mL of water, IN-UJV12 showed that the 
recoveries increased as the ratio of water (Table 2). How-
ever, when the ratio of acetonitrile is 70%, the recovery of 
IN-A5760 was decreased sharply. Finally, the extraction 
solvent was selected with acetonitrile/water (80/20, v/v) 
and the soybean sample was determined to be moistened 
with 10 mL of water. As a result of examining the recov-
ery of parent compound through the optimized extrac-
tion process, satisfactory results were obtained with an 
average recovery of 101.7% in mandarin and 86.4% in 
soybean sample.

Fluazaindolizine is applied to the soil at transplant and 
is generally metabolized, and the metabolites including 
seven major metabolites are remained conjugated state. 
Due to the complexity of metabolic pathway, analyzing 
the residue in a crop or soil sample is impossible and also 
it is impractical to synthesize standards for each metab-
olite. If the residue definition includes the conjugated 
compound of parent pesticide, the analytical method 
must conduct appropriate procedure for releasing the 
conjugated moiety [21]. So the acid hydrolysis step was 
utilized in this research, the metabolite conjugates was 
converted back to seven core molecules.

Optimization of solid‑phase extraction
Considering that the target components are dissolved 
in hydrochloric acid before the purification process, the 
purification efficiency was examined with SPE (Solid-
Phase Extraction) procedure using the HLB (Hydro-
phobic Liphophilic Balanced reversed-phase) cartridge, 
which is an adsorption cartridge that is stable even in a 
low pH range and has hydrophilic and wettability char-
acteristics. The cartridge was conditioned with 3  mL of 
methanol and 3 mL of water, loaded with a mixed stand-
ard solution dissolved in 2 M HCl, and eluted according 
to the ratio of the mixture of methanol and water. At this 
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time, the elution solvent was made to contain 1% for-
mic acid in order to increase the elution strength. Most 
recoveries were satisfactory, with more than 87%. IN-
UJV12 was first eluted from the methanol/water (20/80, 
v/v) and IN-QEK31 was finally eluted from the methanol/
water (80/20, v/v). To reduce loss of seven metabolites 
and increase the recoveries, washing should be per-
formed with a methanol/water (10/90, v/v) and elution 
should be performed with a methanol/water (90/10, v/v). 
The parent compound was also conducted by the above 
experiment procedure, it was eluted for the first time in a 
methanol/water (90/10, v/v) and was eluted at more than 
70% in 100% methanol. As a result, when the HLB car-
tridge is selected as a purification cartridge, the elution 
solvent must have a methanol content of more than 90%. 
So a high methanol ratio has a disadvantage that inter-
fering substances may be eluted together. Accordingly, it 
was attempted to lower the content of methanol in the 

elution solvent by examining the  C18 cartridge, which is 
more hydrophobic than the HLB cartridge.

In experiments with a  C18 cartridge, IN-UJV12 was 
first eluted in the first fraction of methanol/water (10/90, 
v/v) and IN-QEK31 was eluted in the second fraction of 
methanol/water (40/60, v/v). And all compounds were 
eluted in methanol with a lower content than in the HLB 
cartridge (Table  3). Therefore, it was established that 
metabolites were washed with 1  mL of methanol/water 
(40/60, v/v) and then eluted with 4 mL of methanol/water 
(50/50, v/v). The parent compound was tend to show a 
different elution characteristics per each sample that was 
first eluted with methanol/water (40/60, v/v) in soybean 
and first eluted with methanol/water (60/40, v/v) in man-
darin. Therefore, it was established that the parent com-
pound was washed with 3 mL of methanol/water (30/70, 
v/v) and then eluted with 4 mL of methanol/water (70/30, 
v/v).

Table 2 The extraction efficiency of seven metabolites according to the ratio of acetonitrile (ACN) and water mixture in soybean

a Mean values of 3 times repetitions with standard deviation

Compound Recovery ±  SDa (%)

ACN: water (70:30) ACN: water (80:20) ACN: water (90:10) ACN: water (100:0)

IN‑A5760 76.1 ± 3.6 92.4 ± 9.3 89.1 ± 7.3 91.3 ± 0.2

IN‑F4106 93.1 ± 2.9 95.3 ± 6.1 96.7 ± 3.8 95.4 ± 2.4

IN‑QEK31 88.6 ± 0.9 85.3 ± 2.8 87.1 ± 1.2 89.3 ± 2.2

IN‑QZY47 85.6 ± 3.3 99.1 ± 6.2 81.4 ± 4.4 76.2 ± 5.0

IN‑TMQ01 88.0 ± 1.5 91.0 ± 0.4 88.7 ± 0.2 88.2 ± 2.0

IN‑UNS90 80.0 ± 1.9 84.0 ± 1.4 82.2 ± 3.2 84.1 ± 2.9

IN‑UJV12 65.0 ± 3.4 46.0 ± 0.5 42.2 ± 4.3 26.9 ± 0.5

Table 3 The recovery results of seven metabolites from  C18 cartridge according to the ratio of methanol (MeOH) in water

a Not detected

Fraction Recovery (%)

IN‑A5760 IN‑F4106 IN‑QEK31 IN‑QZY47 IN‑TMQ01 IN‑UNS90 IN‑UJV12

Loading –a – – – – – –

1 (MeOH 10%) – – – – – – 13.2

2 (MeOH 10%) 97.8 – – – – – 67.5

3 (MeOH 20%) 18.7 – – 19.9 – 88.1 –

4 (MeOH 20%) – 50.4 – 73.9 – 9.6 –

5 (MeOH 30%) – 38.7 – – 40.6 – –

6 (MeOH 30%) – – – – 55.4 – –

7 (MeOH 40%) – – 42.0 – – – –

8 (MeOH 40%) – – 58.5 – – – –

9 (MeOH 50%) – – – – – – –

10 (MeOH 50%) – – – – – – –

Total 116.5 89.1 100.5 93.8 96.0 97.7 80.7
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Method validation
By comparing the chromatograms of standard in pure 
solvent, blank sample and recovery samples, the analy-
sis results has high selectivity that did not contain any 
interfering peaks at the retention times of the target 
analytes (Fig.  2). The matrix effects values which are 
more than 20% indicated signal enhancement, while 

values which are less than −  20% means signal sup-
pression. Values between from −  20–20% are con-
sidered that matrix effects could be negligible [22]. 
Otherwise, it need to be addressed in calibration accord-
ing to SANTE/11813/2017 [23]. Table  4 shows the 
matrix effects, regression equation, and linearity of flu-
azaindolizine and seven metabolites in five agricultural 

Table 4 Matrix effects (ME), regression equation, and linearity of fluazaindolizine and seven metabolites in five agricultural products

Compounds Matrix Regression equation Linearity ME (%)

Fluazaindolizine Hulled rice Y = 488.5134X − 220.5867 0.9994 − 37.8

Potato Y = 731.8044X − 119.5867 1.0000 − 4.6

Soybean Y = 746.7516X − 140.6711 0.9996 − 4.4

Mandarin Y = 480.9950X + 11.3289 1.0000 − 34.9

Green pepper Y = 681.4423X + 50.6178 0.9999 − 8.6

IN‑A5760 Hulled rice Y = 289.8882X − 249.8622 0.9998 − 52.7

Potato Y = 317.3896X − 39.6000 0.9998 − 47.1

Soybean Y = 130.4645X − 440.2489 0.9993 − 80.1

Mandarin Y = 152.8357X − 113.9778 0.9998 − 74.9

Green pepper Y = 284.8618X − 209.0356 0.9997 − 52.1

IN‑F4106 Hulled rice Y = 151.6230X + 172.5200 0.9988 − 26.8

Potato Y = 163.6377X + 107.5333 0.9997 − 21.1

Soybean Y = 109.1468X − 16.3111 0.9998 − 48.5

Mandarin Y = 114.5550X + 24.1244 0.9997 − 44.4

Green pepper Y = 153.6448X − 84.3600 0.9999 − 28.0

IN‑QEK31 Hulled rice Y = 9,615.9455X + 169.5244 1.0000 14.7

Potato Y = 11,603.3711X − 751.5956 0.9997 34.8

Soybean Y = 8,645.9153X − 1,667.3333 0.9999 0.4

Mandarin Y = 9,140.2164X + 100.9244 1.0000 8.3

Green pepper Y = 10,388.7935X + 158.1689 1.0000 24.4

IN‑QZY47 Hulled rice Y = 1,404.9806X + 569.9467 0.9999 − 26.6

Potato Y = 992.1672X + 227.4978 1.0000 − 48.2

Soybean Y = 277.5431X − 603.8533 0.9999 − 86.6

Mandarin Y = 765.5516X + 722.8133 0.9999 − 59.0

Green pepper Y = 1,174.3395X − 179.7333 0.9999 − 39.4

IN‑TMQ01 Hulled rice Y = 4,215.9080X + 868.7822 0.9998 5.7

Potato Y = 6,009.9017X + 1,537.0489 0.9999 51.7

Soybean Y = 4,323.7132X − 1,003.3156 0.9998 1.9

Mandarin Y = 3,288.3520X − 288.7111 0.9998 − 20.1

Green pepper Y = 5,230.3551X + 283.9067 1.0000 28.9

IN‑UNS90 Hulled rice Y = 5,542.3194X + 600.9689 0.9999 77.9

Potato Y = 5,169.0420X + 1,858.4222 0.9999 73.0

Soybean Y = 3,995.0699X − 359.6844 0.9999 23.5

Mandarin Y = 4,137.9729X + 1,489.0933 0.9997 39.7

Green pepper Y = 5,427.0511X + 1,036.7778 1.0000 76.5

IN‑UJV12 Hulled rice Y = 1,386.9454X + 182.3867 1.0000 60.4

Potato Y = 1,602.3660X − 665.1556 1.0000 83.2

Soybean Y = 734.4816X − 1,673.4222 0.9993 − 21.1

Mandarin Y = 1,084.1933X + 234.7778 1.0000 27.4

Green pepper Y = 1,468.4122X − 1,415.9644 0.9998 65.6
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samples. IN-A5760, IN-F4106, and IN-QZY47 showed 
ion suppression in all crops, and IN-UNS90 showed ion 
enhancement. Therefore, matrix-matched calibrations 
were adopted for accurate quantification in this study. 
The linearity of the matrix-matched calibrations at 0.002 
to 0.05  mg/L for parent compound and three metabo-
lites (IN-QEK31, IN-TMQ01 and IN-UNS90) and 0.01 to 
0.25 mg/L for four metabolites (IN-A5760, IN-F4106, IN-
QZY47 and IN-UJV12) were excellent, as assessed by the 
determination coefficient (R2) of the range from 0.9988 to 
1.0000 in all agricultural samples. The LOD and LOQ of 
fluazaindolizine, IN-QEK31, IN-TMQ01 and IN-UNS90 
was estimated to be 0.00075  mg/kg and 0.0025  mg/kg, 
respectively. The LOD and LOQ of IN-A5760, IN-F4106, 
IN-QZY47 and IN-UJV12 were 0.0042  mg/kg and 
0.0125  mg/kg, respectively. The accuracy and precision 
of the present method could be evaluated by recoveries 
with five replicates at three fortification levels. The mean 
recoveries of fluazaindolizine and seven metabolites in 
agricultural products were 75.6–110.0% with the CV% 
of 0.2–9.1% (Table 5). All validated results demonstrated 
that the method was reliable for simultaneous analysis of 
fluazaindolizine and its metabolites residue in agricul-
tural samples.

Conclusions
An effective and accurate analytical method for simul-
taneous quantification of fluazaindolizine and its seven 
metabolites in agricultural products was established 

and validated. The metabolites were obtained from 
convert conjugated compounds into core molecules 
through acid hydrolysis.  C18 SPE procedure combined 
with LC–MS/MS ESI mode technique was simple and 
convenient to analyze fluazaindolizine, IN-A5760, 
IN-F4106, IN-QEK31, IN-QZY47, IN-TMQ01, IN-
UNS90 and IN-UJV12. The validation results were 
satisfied according to the guidelines formally pro-
vided by the pesticide residue regulatory authorities. 
The method could apply for monitoring of fluazain-
dolizine and major metabolites residue in domestic and 
imported agricultural samples, and utilize as scientific 
references on establishment of residue definition and 
maximum residue limits of fluazaindolizine.
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Table 5 Recovery results of fluazaindolizine and seven metabolites in five agricultural products

a Mean values of 5 times repetitions with coefficient of variation

Note: (*) was the fortification levels for IN-A5760, IN-F4106, IN-QZY47 and IN-UJV1

Sample Fortification 
levels (mg/kg)

Recovery ±  CVa (%)

Fluazaindolizine IN‑A5760 IN‑F4106 IN‑QEK31 IN‑QZY47 IN‑TMQ01 IN‑UNS90 IN‑UJV12

Hulled rice 0.01 (0.05) 109.5 ± 3.1 97.7 ± 6.0 88.1 ± 4.9 91.1 ± 1.4 101.0 ± 3.0 85.4 ± 4.4 84.3 ± 3.5 87.0 ± 2.0

0.1 (0.5) 86.7 ± 2.3 94.0 ± 2.0 99.1 ± 5.4 94.9 ± 1.7 89.8 ± 3.0 93.3 ± 0.9 87.0 ± 2.6 90.0 ± 2.2

0.5 (2.5) 86.1 ± 3.1 90.5 ± 1.8 94.8 ± 2.4 93.5 ± 1.1 86.0 ± 1.4 89.4 ± 2.5 86.8 ± 2.8 88.9 ± 1.6

Potato 0.01 (0.05) 104.3 ± 3.0 94.8 ± 3.8 89.7 ± 5.0 99.4 ± 2.4 86.5 ± 3.8 98.2 ± 3.0 95.1 ± 4.2 89.0 ± 3.7

0.1 (0.5) 99.1 ± 1.7 95.6 ± 2.5 89.1 ± 4.4 98.7 ± 1.6 85.5 ± 2.9 107.4 ± 2.9 110.0 ± 2.6 88.4 ± 2.0

0.5 (2.5) 99.9 ± 2.2 93.9 ± 1.6 89.1 ± 3.4 97.6 ± 0.2 83.7 ± 1.1 105.5 ± 1.3 109.8 ± 1.4 89.1 ± 3.1

Soybean 0.01 (0.05) 89.3 ± 2.3 106.1 ± 4.7 88.9 ± 9.1 92.6 ± 3.5 91.7 ± 1.9 91.5 ± 6.0 85.9 ± 2.2 91.4 ± 3.5

0.1 (0.5) 81.8 ± 5.7 82.6 ± 3.9 87.8 ± 2.8 85.6 ± 2.0 82.6 ± 2.3 82.4 ± 2.5 85.8 ± 0.9 78.9 ± 1.4

0.5 (2.5) 83.5 ± 5.5 80.6 ± 3.8 87.7 ± 4.1 85.6 ± 3.5 79.0 ± 1.8 83.9 ± 2.6 85.1 ± 1.2 76.5 ± 2.0

Mandarin 0.01 (0.05) 94.5 ± 2.9 93.9 ± 2.2 86.7 ± 8.8 94.1 ± 0.8 95.1 ± 5.6 91.6 ± 3.0 91.0 ± 2.3 96.3 ± 6.2
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Green pepper 0.01 (0.05) 93.5 ± 2.6 96.7 ± 6.4 88.4 ± 4.5 86.4 ± 4.3 89.7 ± 2.0 92.0 ± 6.0 86.6 ± 1.5 102.2 ± 3.8

0.1 (0.5) 97.4 ± 1.7 89.0 ± 1.9 88.0 ± 2.1 91.7 ± 1.1 89.5 ± 1.1 93.5 ± 1.2 92.7 ± 2.7 97.8 ± 1.5

0.5 (2.5) 98.9 ± 2.8 89.9 ± 4.3 86.8 ± 6.0 90.3 ± 1.5 88.9 ± 3.8 91.3 ± 3.2 92.8 ± 5.2 96.3 ± 2.9
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