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Abstract

An accurate and easy-to-use analytical method for de-
termining isocycloseram and its metabolites (SYN549431
and SYN548569) residue is necessary in various food
matrixes. Additionally, this method should satisfy domes-
tic and international guidelines (Ministry of Food and
Drug Safety and Codex Alimentarius Commission CAC/
GL 40). Liquid Chromatography-Tandem Mass Spectro-
metry (LC-MS/MS) was used to determine the isocyclo-
seram and its metabolites residue in foods. To determine
the residue and its metabolites, a sample was extracted
with 20 mL of 0.1% formic acid in acetonitrile, 4 g magne-
sium sulfate anhydrous and 1 g sodium chloride and cen-
trifuged (4,700 G, 10 min, 4°C). To remove the interfer-
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ences and moisture, d-SPE cartridge was performed be-
fore LC-MS/MS analysis with C;g column. To verify the
method, a total of five agricultural commodities (hulled
rice, potato, soybean, mandarin, and red pepper) were
used as a representative group. The matrix-matched cali-
bration curves were confirmed with coefficients of deter-
mination (R*) > 0.99 at a calibration range of 0.001-0.05
mg/kg. The limits of detection and quantification were
0.003 and 0.01 mg/kg, respectively. Mean average recov-
eries were 71.5-109.8% and precision was less than 10%
for all five samples. In addition, inter-laboratory vali-
dation testing revealed that average recovery was 75.4-
107.0% and the coefficient of variation (CV) was below
19.4%. The method is suitable for MFDS, CODEX, and
EU guideline for residue analysis. Thus, this method can
be useful for determining the residue in various food ma-
trixes in routine analysis.
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Introduction

Effective pest control has been a challenge in throu-
ghout the history of agricultural cultivation. Recent
regulatory requirements and public consideration de-
mand that mode of action of pesticides should be fa-
vourable for environment and user and more efficiency
with more selectivity (Umetsu & Shirai, 2020). That is
the reason many newly developed pesticides target
molecular sites of pests, not one of plants or weeds
such as Acetylcholine Receptor, Ryanodine Receptor,
Sodium channel, and GABA channel (Rohrer & Arena,
1995). Approximately, 80% of globally sold insecticides
are based on this mechanisms (Jeschke, 2021).

Isocycloseram (CasHisOsN3CLFs, IUPAC name: 4-[(5
RS)-5-(3,5-dichloro-4-fluorophenyl)-4,5-dihydro-5-(tri-
fluoromethyl)isoxazol-3-yl]- V:[ (4RS)-2-ethyl-3-oxoiso-
xazolidin-4-yl]-o-toluamide) is a newly developed iso-
xazoline insecticide and acaricide targeting against the
gamma-aminobyturic acid (GABA)-gated chloride chan-
nel from Syngenta Crop Protection (Basel, Switzerland).
Isoxazolines structure are five-membered heterocyclic
compounds containing N (Nitrogen) and O (Oxygen)
atoms (Luo et al., 2022). GABA is an import inhibitory
neurotransmitter in invertebrates (Cassayre, 2021). Thus,
blocking of the GABA-gated channel promotes reduc-
ing neutral inhibition and results in hyper-excitation of
the central nervous system, convulsions and eventually
death (Bloomquist, 2003; Delgado et al., 2019). The first
developed chemicals of this group were Cyclodiend
and Phenylpyrazole (Jeschke, 2021; Ozoe et al., 2013).
However, these chemicals exhibited receptor mutation
and co-resistance with other pesticides. Mutations of
M2 membrane-spanning region (A2’S and A2'G) result
in reduced chemical efficiency and cross-resistance to
other channel antagonists such as fipronil and ethiprole
(Ozoe et al.,, 2013). Currently, they belong to Insecti-
cide Resistance Action Committee (IRAC) group 2A
(http:/ /irac-online.org/modes-of-action). To overcome
these disadvantages, new mode of action related to
GABA targeting was developed. That is GABA-gated
chloride channel allosteric modulators which act as non-
competitive GABA-gated channel antagonist. Thus, iso-
cycloseram are classified as IRAC 30 named GABA-
gated chloride channel allosteric modulator.

According to report data provided by Australian
Pesticides and Veterinary Medicines Authority (2022),
metabolism studies for SYN549431 (CisHi2O,N>ClLF,,
IUPAC name: 4-(5-(3,5-dichloro-4-fluorophenyl)-5-(tri-
fluoromethyl)-4,5-dihydro-1,2-oxazol-3-yl)-2-methyl-
benzamide) and SYN548569 (CgH,O,CLF, IUPAC
name: 1-(3,5-dichloro-4-fluorophenyl)-2,2,2-trifluoro-
ethanone) were conducted on primary crops (tomato,
mustard greens, rice and soybeans). Two metabolite is
the residue level was generally <10% when compared
to of parent isocycloseram. However, an MRL and res-
idue definition is not established in any countries and
we considered to a variety agricultural samples pesti-
cide residues for safety control to future.

Since December 2016 (Ministry of Food and Drug
Safety, MFDS notification No. 2015-78("15.10.29)), Korea
has been enforced Positive List System for “nuts/seeds
and tropical fruits” and expend to all agricultural com-
modities on 2019 (MFDS notification No. 2018-8("18.
02.22)). Only food commodities should be handling
with legally registered pesticide to cross the border of
Korea. Furthermore, the numbers of inspection for im-
ported foods are increased every year to insecure food
safety. Based on MFDS data (2022), imported food are
increased more than 20% only 3-year flame (from 2017
to 2020). As the results, the number of inspections
should be enlarged because MFDS use certain percent-
age for food inspection. It means that developing rou-
tinely use analytical method with simple and easy steps
is necessary to cover several agricultural commodities.

The QUEChERS method (Quick, Easy, Cheap, Eff-
ective, Rugged and Safe) has been recognized as an ef-
ficient analysis method for multiclass pesticide residue
since developed in 2013 (Anastassiades et al., 2003;
Islam et al.,, 2021). Before applying analysis machines
such as gas chromatography (GC) and liquid chroma-
tography (LC), two components (extraction and clean-
up) are the main step of QUEChERS. LC-MS/MS is a
main instrument for detection of pesticide residue with
high sensitivity and selectivity. Additionally, this me-
thod is heavily used for routine multidrug detection
because it can effectively detect acidic pesticides and
low volatile pesticides, which gas chromatograph can-
not work easily (Assalin et al., 2014; Pareja, Cesio et
al., 2011; Pareja, Martinez-Bueno et al., 2011; Zheng et
al., 2018).

Several studies have been reported about modifica-
tions of original QUEChERS for better analysis of sam-
ple matrix and chemicals (Islam et al.,, 2018; Islam et
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al., 2019; Islam et al., 2021; Zheng et al., 2018). Even,
Association of Official Agricultural Chemists (AOAC,
2007) and the Committees of European Normalization
methods are available as other types of modified
QuEChERS.

The purpose of this study is investigating analytical
method determining isocycloseram and its metabolites
(SYN549431 and SYN548569) residue in agricultural
matrixes. This method should be meet domestic and
international guideline (Ministry of Food and Drug
Safety, Codex Alimentarius Commission CAC/GL 40
and EU SANTE/12682/2019) for utilizing routinely and
east-to-use methods for monitoring food safety.

Materials and Methods

Reagents and Materials

Isocycloseram (purity 98.0%) and its metabolites SYN
549431 (98.0%) and SYN548569 (98.6%) were supplied
by Syngenta Crop Protection (Basel, Switzerland) and
their chemical structures and characters are shown in
Fig. 1 and Table 1. HPLC grade of acetonitrile and for-
mic acid and LC/MC grade of water were purchased
from Merck (Darmstadt, Germany). For extraction and
purification, three extraction kits (Original, No. 5982-
0500; EN, No. 5982-5650; AOAC, No. 5982-5755) and
five purification kits (No. 5982-4921, containing 25 mg
primary secondary amine (PSA)/150 mg MgSO,; No.
5982-5021, containing 150 mg MgSO,/25 mg octadecy-
silyl (Cis); No. 5982-5121, containing 25 mg PSA/150
mg MgSO;/25 mg Cis; No. 5982-5221, containing 25 mg
PSA /150 mg MgSO,/2.5 mg graphitized carbon black
(GCB); No. 5982-5421, containing 50 mg PSA/ 150 mg
MgS0,/50 mg GCB/50 mg Cis) were purchased by Agi-
lent Technologies (Santa Clara, CA, USA). Other re-
agents used in this study were purchased from Wako

Table 1. Physicochemical characteristics of isocycloseram

SYN549431

(o]

Ci
CF;

SYN548569

Fig. 1. Molecular structures of isocycloseram and its
metabolites.

Pure chemical industries (Osaka, Japan), Merck (Darm-
stadt, Germany), or Sigma Aldrich (St. Louis, MO, USA).
All reagents and organic solvents were of analytical

and its metabolites

Property Isocycloseram SYN549431 SYN548569

CAS no. 2061933-85-3 - 1190865-44-1

Molecular formula Co3H19CLF4N30,4 Ci1sH12CLFNO; CsHCLF,O
Molecular weight (g/mL) 548.3 435.2 261.0
Exact mass (Da) 547.1 434.0 260.0

Density (g/cm?) - - 1.6 + 0.1

Boiling point (°C) - - 282.5 + 40.0°
Melting point (°C) - - N/A
LogP - - 413

* at 760 mmHg.



74

Kim et al.

grade. Organic (non-pesticide treated) samples of these
five representative (hulled rice, potato, soybean, man-
darin and red pepper) agricultural commodities were
purchased from local markets (Seoul, Korea). Briefly,
the samples (at least 1 kg per commodity) were chop-
ped, homogenized, and kept at -20°C until further
analysis.

Standard Solution

Each stock solution (approximately 1,000 mg/L)
was prepared in acetonitrile. Briefly, 20.23 mg iso-
cycloseram, 20.40 mg SYN549431, and 20.28 mg SYN
548569 were dissolved into each 20 mL of acetonitrile.
The intermediate working solution (0.25 ug/mL) were
prepared by dilution in acetonitrile. The matrix-
matched solutions were prepared that concentration
levels (0.001, 0.0025, 0.01, 0.025, and 0.05 pug/mL) by
dilution include more than 90% of the matrix. All sol-
utions were stored in amber vials at 4°C until further
analysis.

pH Condition of Extraction

Extraction efficiency was compared depending on
pH conditions. Four different pH conditions were
made by 0.1%, 1%, 2%, and 5% formic acid in acetoni-
trile for QUEChERS extraction procedure.

LC—-MS/MS Conditions

LC-MS/MS system, consisted of Acuity UPLC (Wa-
ters, Milford, MA) and Xevo TQ-S tandem quadruple
mass spectrometer (Waters, Milford, MA), were used
in this study. LC separation was carried out in Cad-
enza CD-Cig HT column (2.0 mm I.D. x 150 mm L., 3.0
pum) at a temperature of 40°C. The injection volume
and flow rate were 50 uL and 0.4 mL/min,
respectively. MS/ MS was operated using ESI
(electrospray ionization) positive mode and negative

mode. The mobile phase consisted of 0.1% formic acid
in acetonitrile (A) and 0.1% formic acid in water (B).
The initial mobile phase of 10/90 (A/B, v/v) was re-
tained for 0.5 min, changed to 95/5 (A/B, v/v) over 4
min and then held for 4 min, and finally changed to
10/90 (A/B, v/v) over 0.1 min and then retained un-
til 12 min. Analytical condition and selected-ion for
detection of these chemical were described more de-
tail in Table 2.

Method Validation

A validation of this new method was investigated
to confirm its reliability. The tests looked for several
facts such as accuracy, precision, limits of quantization
(LOQ) and linearity. To validate accuracy and preci-
sion, recovery test with spiking chemicals samples was
investigated with range of 0.001-0.05 mg/kg.

Matrix-matched calibration curves were prepared by
combination of standard solution and matrix extracts.
After confirming no interference from non-pesticide
treated samples, limits of quantization (LOQ) were cal-
culated based on limits of detection quantization
(LOD) and concentration ratio. Method validation was
assessed following the EU SANTE/12682/2019 (Euro-
pean Commission, 2019) and MFDS guideline, accord-
ing to which reliability, precision and recovery should
be in the range 70-120% with relative standard devia-
tion < 20%.

Results and Discussion

Evaluation of the QUEChERS Method

Recently, Quick, Easy, Cheap, Effective, Rugged and
Safe (QUEChERS) method was heavily used because it
has several advantages such as reduction of solvent
usage, time and effort (Anastassiades et al., 2003; Islam
et al., 2018; Schenck & Hobbs, 2004). This method

Table 2. Selected ion for the determination of isocycloseram and its metabolites

Compound Retention time Molecular Exact mass Precursor ion  Product ion CE?
p (min) weight (m/2) (m/2) (eV)
418.0° 21

Isocycloseram 4.7 548.3 547.1 548.1
160.0 43
160.1° 37

SYN549431 4.5 435.2 434.0 435.1
392.0 23
261.0 191.0° -14

SYN548569 4.0 261.0 260.0

263.0 193.0 -14

Collision energy(eV), "Quantification ion.
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shows great analysis for samples with different char-
acteristics (Islam et al., 2021). Basically, QuEChERS
method increases the efficiency of extraction by sepa-
ration from unwanted interference and water with
usages of acetonitrile and addition of anhydrous mag-
nesium sulfate (MgSO,) and sodium chloride (NaCl)
based on “salting-out” principle (Lehotay, 2007). Addi-
tionally, Association of Official Agricultural Chemical
International (AOAC) method developed from AOAC
used MgSO, and sodium acetate, while EN method
developed from European Committee for Standardiza-
tion used citric acid (Lehotay et al., 2005; Roussev et
al., 2019). In this study, we investigate three methods,
original QUEChERS and two modified ones (AOAC
and EN) to compare the recovery rates using different
salts. Meanwhile, we tested hulled rice only for set-up
sample preparation steps, because it contained more
oil and organic acids compared to other representative
agricultural commodities. Overall recovery from origi-
nal QUEChERS methods provided the best result than
other two methods in hulled rice (Table 3). For iso-
cycloseram, recovery percentage showed 100.8% while
82.4% and 95.5% from AOAC and EN. For SYN549431,
AOAC (86.0%) showed better results than EN (84.9%),
still lower than original method (93.2%). In the case of
SYND548569, original method (108.1%) showed signifi-
cantly better recovery than other two methods (72.4%
and 77.3%). In sum, original QUEChERS method was
chosen for further investigation for isocycloseram and
two metabolites in this study.

Investigation of the Optimal Extraction pH
Extraction is also the key step in QUEChERS meth-
od development. Extraction is influenced by many pa-
rameters such as pH, sample volume and extraction
time (Musa et al., 2018). In this study, pH conditions
for extraction were tested. Extraction of isocycloseram
and its metabolites were investigated in four different
pH conditions (0.1%, 1%, 2%, and 5% formic acid in
acetonitrile, Table 4). Generally, higher pH helped all
three chemical extractions. Acetonitrile is most com-
monly used extraction solvent because this has been
used for LC-MS/MS detection. Average pH of solvent
was 8.0 (pure acetonitrile), 3.0 (1% formic acid), and
2.5 (5% formic acid) (Islam et al., 2021). In sum, recov-
ery might be optimal between pH 8.0 and pH 3.0.

Selection of the Optimal d—SPE Sorbent for Sample
Cleanup

Usage of proper sorbent leads to increase detection
performance with sufficient clean-up. Dispersive solid
phase extraction (d-SPE) is commonly used purification
method. Compared to cartridge-mediated method, it
shows high efficiency in the view of time, effort, and
cost. To increase the purification efficiency, several
combinations of absorbents were investigated: MgSO,,
PSA, Cis, and GCB. MgSO, takes moisture from sam-
ples, while PSA removes organic acids, fatty acid, and
carbohydrate (Shida et al., 2015). Cys is good for elimi-
nate lipid and non-polar interference and GCB for pig-
ments and sterols (Shida et al., 2015). Thus, depending

Table 3. The recovery results of isocycloseram and its metabolites according to three QUEChERS method in hulled rice

Recovery + RSD® (%)

Compound —
Original AOAC EN
Isocycloseram 100.8 + 0.9 824 + 0.1 955 £ 0.9
SYN549431 93.2 £ 0.6 86.0 = 4.1 849 + 0.5
SYN548569 108.1 + 6.4 724 + 179 773 + 14

“Relative standard deviation from three repeated measurements.

Table 4. The extraction efficiency of isocycloseram and its metabolites according to pH of extraction solvent using

QuEChERS method in hulled rice

Extraction solvent

Compound Recovery + RSD* (%)
0.1% F.A" in acetonitrile 1% F.A in acetonitrile 2% F.A in acetonitrile 5% F.A in acetonitrile
Isocycloseram 100.8 + 0.9 89.3 + 32 919 + 44 749 + 19
SYN549431 93.2 + 0.6 85.2 + 2.5 80.7 + 13.0 80.3 + 7.4
SYN548569 108.1 + 6.4 86.9 + 4.2 88.6 + 32.4 77.1 + 219

“Relative standard deviation from three repeated measurements, "Formic Acid.
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on matrix characteristic, choice of absorbents helps to
optimize the clean-up process.

In this study, five different combinations of sorb-
ents (25 mg PSA/150 mg MgSO;, 25 mg PSA/150 mg
MgSO,/25 mg Cis, 25 mg PSA/150 mg MgS0,/2.5 mg
GCB, 50 mg PSA/150 mg MgSO,/50 mg GCB/50 mg
Cis, 25 mg Ci5/150 mg MgSO,) were tested for purifi-
cation efficiency. Combination of 25 mg PSA/150 mg
MgSO; and 25 mg Ci5/150 mg MgSO, showed the bet-
ter adsorption efficiency than other three combinations
(Table 5). Both PSA and Cis are good for removing
oily component form samples. Thus, these sorbents
might provide better recovery. Sorbent combination of
25 mg PSA /150 mg MgSO,/25 mg Cis provided lower
purification of SYN548569, while the mixture of sorb-
ent 25 mg PSA/150 mg MgS0,/2.5 mg GCB caused
lower efficiency for SYN548569. And, 50 mg PSA/150
mg MgSO;/50 mg GCB/50 mg Cis showed less than
50% purification of isocycloseram and SYN549431.

With hulled rice matrix, recovery results of isocyc-
loseram and its metabolites were not enough to reach
analysis guideline (70-120%) by using 25 mg PSA /150
mg MgSO,. When repeated 3 times at 3 concentrations
(Table 6). This combination showed low recovery rate,
even non-detectable for isocycloseram, with the lowest
spiking amount (0.01 mg/kg) of chemicals: 61.6% and
69.0% for SYN549431 and SYN548569. As the result,

sorbent combination of 25 mg Ci3/150 mg MgSO, was
used for further analysis. Both PSA and Cs are good
for removing oily component form samples. These sor-
bents could be the good candidates for hulled rice sam-
ples. However, PSA showed less clean-up outcome than
Cis with hulled rice sample.

Method Validation

To exam the analytical performance of developed me-
thod, limited of detections (LOD) quantification (LOQ),
linearity, selectivity, recovery (accuracy and precision)
was investigated. First, LOD and LOQ were deter-
mined by the ratio of signal-to-noise (S/N). LOD was
defined as three times higher than the level of noise
(0.0075 pg/mL, S/N = 3), and LOQ were calculated
as the concentrations ten times of the noise (0.0025
pg/mL, S/N = 10). When we consider dilution factors
(4 = 20 mL/5 g), the value of LOD and LOQ were
0.003 and 0.0025 mg/kg, respectively.

Matrix components could be consideration point for
developing detection method because they can inter-
ference analyte signal. Thus, matrix-matched calibration
has been used for confirming whether matrix compo-
nent alter signal (Kirchner et al., 2008; Surma et al.,
2014) matrix-matched calibration curve were construc-
ted by plotting the peak area vs. the five concentrations
(0.001, 0.0025, 0.01, 0.025, and 0.05 mg/kg) of the iso

Table 5. Recovery with different condition of sorbent for isocycloseram and its metabolites adsorption in hulled rice and

mandarin

Recovery + RSD* (%)

d-SPE

Compound Hulled rice Mandarin

Isocycloseram 102.4 + 3.2 104.1 + 0.8

25 mg PSA + 150 mg MgSO, SYN549431 89.1 + 2.7 989 £ 0.9
SYN548569 76.3 + 4.3 85.9 £ 5.2

Isocycloseram 103.3 £ 5.7 93.8 + 16.7

25 mg PSA + 150 mg MgSO, + 25 mg Cis SYN549431 90.7 + 4.8 92.6 £ 12.0
SYN548569 662 £ 9.3 57.6 £ 9.0

Isocycloseram 934 + 34 89.9 £ 0.8

25 mg PSA + 150 mg MgSO, + 2.5 mg GCB SYN549431 95.8 + 0.7 879 £ 1.0
SYN548569 983 £ 72 52.5 + 27.8

Isocycloseram 30.0 + 4.1 6.8 + 4.5

50 mg PSA + 150 mg MgSO, + 50 mg GCB + 50 mg Cis SYN549431 394 £ 15 149 + 22
SYN548569 618 £ 3.3 208.3 + 11.8

Isocycloseram 895 £ 27 96.2 + 4.1

150 mg MgSO, + 25 mg Cis SYN549431 86.1 + 3.2 926 £ 6.3
SYN548569 80.0 + 7.6 782 + 24.2

“Relative standard deviation from three repeated measurements.
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Table 6. The recovery test of isocycloseram and its metabolites in hulled rice

Purification kit : PSA + MgSO,

Matrix Compound —
Spiking (mg/kg) Recovery + RSD* (%)

0.01 69.0 £ 5.5
Isocycloseram 0.1 99.0 + 2.7
0.5 922 + 34
0.01 616 + 7.1
Hulled rice SYN549431 0.1 90.1 + 14
0.5 85.6 + 2.6

0.01 N.D."
SYN548569 0.1 71.5 £ 17.0
0.5 739 + 24

“Relative standard deviation from three repeated measurements, "Not determined.

cycloseram and its metabolites. Good linearity for iso-
cycloseram and metabolites (R? = 0.99) was observed
for all five food matrices.

The selectivity was confirmed by comparing repre-
sentative chromatogram of standard working solution,
blank, and fortified sample extracts. No endogenous
components were observed at the retention time and
m/z of the analyte. As the result, this method is con-
firmed to have a good separation and selectivity (Fig.
2). Also, recovery test was performed with three dif-
ferent levels (1, 10, and 50-fold of LOQ), 0.01, 0.1 and

(A) T e

0.5 mg/kg for testing accuracy and precision. Each test
was done with five replicates. Recovery was obtained
71.5-109.8% between with RSD 0.9-10.8%. Finally, inter-
laboratory validation results were testing Seoul region-
al Food and Drug Administration to confirm the Vali-
dity of the developed method (Table 7-9). These re-
sults show an average recovery of 75.4-107.0% and co-
efficient of variation (CV) was below 19.4% and guid-
ed by EU SANTE/12682/2019 (European Commission,
2019), CODEX and MFDS, which means recovery
should fall between 70-120% with RSD < 20%.

(€)

(a) (a) (a)
13 . S R
v ¥ [

(b) (b) - (b)

(c) () (c)
' . M
y ¢ "l

(d) (d) (d)

Fig 2. Representative MRM LC-MS/MS chromatograms of (A) Isocycloseram, (B) SYN549431 and (C) SYN548569 at (a)
blank sample, (b) matrix-matched standard (0.025 mg/L) (c) recovery sample spiked (0.01 mg/kg), and (d) recovery sample
spiked (0.1 mg/kg) in hulled rice.
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Table 7. Validation results for the determination isocycloseram in samples
Compound Fortification Recovery + RSD* (%) Ave.’ cve
(mg/kg) Intra-Day Inter-Day (%) (%)
0.01 95.6 + 9.5 87.4 + 10.3 92.5 10.2
Hulled rice 0.1 945 £ 2.1 754 £ 9.6 87.3 12.3
0.5 781 £ 1.6 76.8 + 10.1 77.6 55
0.01 109.8 + 2.4 103.8 £ 2.5 107.6 3.7
Potato 0.1 103.0 £ 2.9 919 £ 0.8 98.9 6.3
0.5 927 £ 2.0 925 + 54 92.6 33
0.01 104.7 £ 2.3 96.7 + 3.5 101.7 48
Soybean 0.1 105.3 £ 2.8 89.0 £ 5.3 99.2 9.2
0.5 92.8 + 4.0 86.2 + 0.7 90.3 49
0.01 84.1 £ 9.0 90.6 + 4.9 86.5 8.1
Mandarin 0.1 756 + 45 92.1 + 48 81.8 11.2
0.5 74.6 + 3.9 90.6 + 1.8 80.6 10.7
0.01 1054 + 3.0 871 + 5.6 98.5 10.3
Red pepper 0.1 107.3 + 5.2 88.5 + 5.8 100.3 10.9
0.5 974 + 5.7 894 + 6.4 94.4 7.0

“Recovery values for 5 (Labl) or 3 (Lab2) repetitions with relative standard deviation, "Average recovery of inter-labo-

ratory, ‘Average coefficient of variation of inter-laboratory.

Table 8. Validation results for the determination SYN549431 in samples

Compound Fortification Recovery + RSD* (%) Avel cve
(mg/kg) Intra-Day Inter-Day (%) (%)

0.01 88.1 + 64 84.1 £ 26 86.6 5.6

Hulled rice 0.1 86.9 + 2.0 94.8 + 3.6 89.9 52
0.5 715 £+ 1.7 926 + 194 79.4 184

0.01 109.6 + 3.7 99.3 £ 7.7 105.7 7.0

Potato 0.1 102.0 + 3.6 100.6 + 6.7 101.5 4.5
0.5 91.1 + 3.1 96.9 + 155 93.3 9.4

0.01 97.0 £ 35 87.0 £ 4.1 93.3 6.5

Soybean 0.1 98.8 £ 0.9 98.5 + 10.3 98.7 5.6
0.5 89.2 + 9.2 84.1 + 39 914 7.9

0.01 87.8 + 84 1015 £ 6.1 92.9 10.3

Mandarin 0.1 835 + 54 100.7 + 3.3 90.0 10.8
0.5 79.6 + 4.1 99.1 £ 6.6 86.9 12.6

0.01 103.1 + 3.0 106.1 + 3.3 104.3 3.3

Red pepper 0.1 102.3 + 4.0 884 + 79 97.1 8.9
0.5 9.1 £+ 7.7 85.7 + 84 92.2 9.4

“Recovery values for 5 (Labl) or 3 (Lab2) repetitions with relative standard deviation, "Average recovery of inter-labo-

ratory, ‘Average coefficient of variation of inter-laboratory.

Conculsions

In this study, a modification for the QUEChERS me-
thod of isocycloseram in crops was developed and vali-

dated. For extraction, 0.1% formic acid in acetonitrile
was used for optimal pH, and the combination of 4 g
MgSO; and 1 g NaCl were added as sorbents. For pu-
rification, 150 mg MgSO, and 25 mg C;s were used in
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Table 9. Validation results for the determination SYN548569 in samples

Compound Fortification Recovery + RSD* (%) Ave.’ cve
(mg/kg) Intra-Day Inter-Day (%) (%)

0.01 106.9 + 10.8 783 + 3.0 96.2 17.9

Hulled rice 0.1 105.5 + 3.3 88.9 + 4.0 99.3 9.2
0.5 104.0 £ 1.5 96.2 + 2.1 101.1 43

0.01 939 + 43 864 £ 9.9 91.1 7.4

Potato 0.1 835 + 54 922 + 99 86.7 8.6
0.5 93.3 + 5.6 96.4 + 10.7 94.4 74

0.01 102.3 + 3.6 786 £ 9.5 93.4 14.1

Soybean 0.1 93.3 + 35 814 + 18.7 88.8 11.8
0.5 89.6 £ 4.0 82.1 £ 0.8 86.8 55

0.01 97.6 + 3.2 999 + 7.7 98.5 5.0

Mandarin 0.1 853 + 2.6 107.0 + 7.0 93.5 12.9
0.5 909 + 4.7 97.9 + 2.8 93.5 54

0.01 76.8 £ 9.6 96.2 + 8.6 84.1 14.7

Red pepper 0.1 82.0 + 6.2 98.1 + 22 88.0 10.5
0.5 86.1 £ 7.8 940 £ 1.0 89.1 7.3

“Recovery values for 5 (Labl) or 3 (Lab2) repetitions with relative standard deviation, "Average recovery of inter-labo-

ratory, ‘Average coefficient of variation of inter-laboratory.

d-SPE. The extract was successfully analyzed with LC-
MS/MS. The validations of this newly developed me-
thod were done with recovery ranging from 71.5% to
109.8% with RSD < 20%. The linear correlation co-
efficient of the calibration curve was = 0.99, and the
value of LOD and LOQ were 0.003 and 0.0025 mg/kg,
respectively. This method could be suitable for routine
analysis for detecting isocycloseram and its metabolites
forms in several agricultural commodities.
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