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Abstract: Cyantraniliprole, which is an ananthranilic diamide insecticide that was developed by the DuPont
Corporation, was registered in the Republic of Korea in 2012. It offers exceptional insecticidal activity on a
broad range of Lepidopera, Coleoptera, Diptera, and Isoptera. The maximum residue limits are set to pepper,
peach, apple, sweet pepper, welsh onion, and so on (0.2~2.0 mg/kg). Therefore, an analytical method for
determining cyantraniliprole residue in agricultural products was developed to ensure food safety. In previous
studies, welsh onions were among vegetables included in the allium species, which is a representative plant
with sulfur organic compounds. In this study, the analytical method was developed and evaluated for the
elimination of sulfur compounds from the test solution of allium species during pesticide residue analysis. In
order to inactivate the enzyme allinase and produce sulfur compounds, sample extraction was made in the base
state pH 10 by reducing the activity of the enzyme. The recoveries of the developed method ranged from 81.9%
to 83.2%, and the relative standard deviations were less than 10%. Therefore, based on the results, the method
developed in this study is accurate and appropriate for use in cyantraniliprole determination. It will be used

as the official method for managing the safety of cyantraniliprole residues in agricultural products.
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Cyantraniliprole(3-bromo-1-(3-chloro-2-pyridinyl)-N-
[4cyano-2-methyl-6-[(methyl-amino)carbonyl]-H-pyrazole-
5-carboxamide)< 2012 DuPont Crop ProtectionA}-ol] A1
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22. ANeF 9 =

Dichlormethane (DCM), acetone, acetonitrile, #-hexane,
ethyl acetate (EtOAc) 5 HPLC grade® MerckA}
(Darmstadt, Germany)ollA] +9)3}e] A1-8-515t}. Sodium
chloride®} sodium sulfate anhydrousi= WakoA} (Osaka,
Japan) 2B 7 3te] ARSI 3L formic acid 2 0.1
N sodium hydroxide:= Sigma-AldrichA} (St, Louis, Mo,
USA)°l A, o 3}A] &= silicone treated filter paper (1PS)
A #-& Whatman International Ltd. (London, England)>
ZHE FYst] AREe. gk FE2EC] AT
Al AMEE= A IkGillica, 6 cc, 1 g) cartridges=
WatersAH(Milford, MA, USA)Z5E Fg3stgom A
ol ARE-gk 71E}F Yubr kS B A 0FS ARS8

23, EZ2oM xx-"

LTS =
Cyantraniliprole % (% 99.28%)2 Dupontol| 4]
AlFL o™ 20.16 mgS acetonitrile 20 mLol| &3]
sted 1,000 pg/mL (1,000 ppm)e] EFA NS zA 5}
3 acetonitrile® 3]A]3le] FE=gANES ZA G X
FAN e el ol 4 °Coll Bate] AF o) A}

o~

|3l o FFEENE BXA] acetonitrileR 3]4] 51
0.1, 02, 0.5, 1.0 ® 50 pg/mL7} == A zxske] 7
FE 2 stdch

24. 7|17|18AM

Cyantraniliproles #43}7] $]3to] 2p9)d 333
ZZ71(UVD, Ultra Violet Detector)”} 2% HPLC
system (2695, Waters, USA)S AMg-3t5 o, HH

I~rI

=
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Table 2. Confirmative conditions for cyantraniliprole

Capcell pak Cig(Shiseido, 250 mm x 4.6 mm LD., 5 um)
S A3 T o] 5 acetonitrile waterE A A
3t FE R R AS5/45, viv)eZ &35! 1.0 mL/
mln«] 402 A3 T A& % cyantraniliprole S
g2l3}l7] 9]3Fe] LC-MS (Quattro Premier XE, Waters,
USA)E AHE-8F9 3, A2 HPLC packed column UG
120 Cg(Agilent, 150 mm x 2.0 mm 1.D., 3 pm)&
AHESEATE 717184 27S Table 1 2 29 Ve
BPsi=

= 2o} acetonitrile 100 mLE 7}&}e] 5
+A3} 55t} 9t allinase 42 <13+ 7H4
A7) Wil o]F A7) 5t F=
22 & 0.1 N sodium hydroxideE % 713+
pH 1082 o] §49] H.d)ﬂg}g_
sty AHRA 7 ZAH A=
%}‘q{ﬂ g‘ﬂﬂﬁo}"q ] 29 acetonitrile

F
r>4 -z :[o

Table 1. Analytical conditions for the determination of cyan-
traniliprole residues

HPLC-UVD (2695, Waters, USA)
Capcell pak UG 120 C (Shiseido, 250
mm x 4.6 mm L.D., 5 um)

Mobile phase Water/acetonitrile (55/45, v/v)

Flow 1.0 mL/min

Absorption (264 nm)

Injection volume 20 puL

Instrument

Column

Detection

Instrument UPLC-MS (Quattro Premier XE, Waters, USA)
Column HPLC Packed column Cig (Agilent, 150 mm x 2.0 mm L.D., 3 pm)
Flow rate 0.2 mL/min
Time(min) 0.01% formic acid in water(%) 0.01% formic acid in acetonitrile(%)

0 80 20

2.5 80 20
Mobile phase 3.0 >0 >0

4.0 10 90

4.5 10 90

5.0 80 20

15 80 20
Column temperature 30 °C

Ionization mode ESI positive-ion mode
Cone voltage 75V

Injection volume 10 uL
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N1E Holel el elelzh FFatel 40 °C o)3he]

500 mL A 2w 7)o €75 E3}2 A4 20 mL 2
mLE EE 713 T 587 23
A3 F Fo] &3 Rdurix Fx3 F
sodium sulfate anhydrous 15 goll B3AIA AdES
gixFo) whe HAS F7 13 &S &

W 5& Fste] 40 °C olFt &GN BYE
%5 AFE DCM 10 mLE 7}ste] &3kt 4
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T2 §E3 HE UL o8 437 oo
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IR o] =&57] el ¢ DCM €9 10 mL
E JtEER At Y 12 He/x &5 &
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mLE 7FEZXE Ao MA & DCM/EtOAc (60/40,
viv) €9 15 mLE §E3AA A ESHEe2T0|
FsldTh o] &L 40 °C o]at L&A IA 7St
5Z%3}3L acetonitrile 2 mLol| <] GHP A& %]
E1(0.22 um, Miliford, USA)Z oJ3}5te] A g &9
2 3

2
o

26. &8 53

o] BFENS A7 F 2 A7 o BA| st
o] cyantraniliproleS %2 WiEE 13 JEAA 7t

kgol 5% Helsel 3582 AT 3
RS REL R =
P JREZUAE AV,

31 71712 = =

Cyantraniliprole> 2}35(473.72)°] I3 Z7]%0]
5.13x 107" Pa (20 °C)Z 324 o] ml-$- Y Log P,
7} 1,942 FA0]ojx] GC £4lo] o)’ gt £}
TZ7¢ 7] conjugation system®] WAl sk= 3}8F % (Fig.
DellA el ds)= vle} o] Uvellr 78t 3448 el
9 o=z Fur|o] HPLC-PDA (High Performance
Liquid Chromatograph-Photo Diode Array)E ©]-8 3}
210 nmeol|A] 400 nm7FA] 2708kt 2 A3} 198 nme}
264 nmol A HWEF =S EH o 198 nme] A$
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Fig. 1. Molecular structure of cyantraniliprole.
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Fig. 2. HPLC-UVD spectrum of cyantraniliprole.

TH(Fig. 2).

Cyantraniliprole2] 2 X4 (linearity)S +3t7] 93}t
o BEF8 002, 005, 0.1, 02, 0.5, 1.0 = 5.0 pg/mL,
20 pLE HPLC-UVDY F¢3te] 2A48S 245t A
ARAFE)E 0999 o)o 2 Agslrty ATE )
SH(Fig. 3).
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allium?:9l| &38t= 2|22 7T F718
TPz Qe ot AZ W dxo JE 5k
alliinase, S-alk(en)yl-L-cysteine sulfoxide lyase (E.C.
441471 B BHFHA o fEE AprEL
S-alk(en)yl-L-cysteine-sulfoxide (ACSOs) & pyruvate,

A& F cyantraniliprole2 FZ3}7] $l8le &4
u] 2 acetone, acetonitirle, methanol®] +&% &<
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Fig. 3. HPLC-UVD calibration curve of cyantraniliprole standard.

Table 3. Comparison of solvent extraction efficiency for cyan-
traniliprole analysis

Solvent Recovery (%)
Acet 70% Interfering substances presence
cetone 100% 27~34%
Acetonitril 70% 42~51 %
CAtOmE 100% 97~99%
Methanol 70% Interfering substances presence
etano 100% 32~44%

ammonia 2] % alk(en)yl-thiosulfinateF =,
TR ST ES steslste] AgEDeY
Alliinase’= V(4. sativum), FIHA. cepa), FF(A.
porrum), Z:3K(A.scalonicum), NIHA. fistulosum), & &
F-3(A. tuberosum), EF1L(A. chinense), FT(A. ursinum)
I 2 allium%e] B 2FolA EZAEE= homo-
7}A] 2L
1 7] wiell amino acid cysteine2] sulfoxide %=
AS FAlE 4 Ak Jiangin Zhouo] Aol A
alliinase 32+ $73 pH 7904 713 =& €42
7FA AL QAL ?-37] Qo s 54 &40 4

dimeric glycoprotein® 2, C-S lyase T4 <

ol gk éﬁgoﬂ?‘éj = 5 0}031 2 AFlA M=
AR Agole F3FES AASLA alliinase T4
o] &S A7l 9131 0.1 N sodium hydroxide &
Ao = pH 10 F7)dEl = ‘%%OW FE5 HAAEA
2 283 gletE
ol AIAHY FF&s T+ F U= A Fo| 7tes

ﬁ

Vol. 28, No. 3, 2015

33. HM JIE2|X|t MM Sof M

Cyantraniliprole S A& 02 &3] 7] ¢35t
Florisil, aminopropyl, silica 7} E 2] ®]?*?12] H A &
S vwstR Y 2 A Florisil 7FE 2] A= cyantrani-
liprole S 733kAl F&8tal 3ol 3 F&0] 42-53%=%
w9 BHA] Uitk o]= cyantraniliprole©] =73 Ol‘ji
Florisil 7FE A7} 24 28 2322 3|¢80]
Az Aoz BT

Cyantraniliprole®] S/4< 7%t 858 8olsH 3171
9 te] E&E o] Florisil2.t} ¢F3) silicas FA 71E
A= A HAS A &) 24 S acetone/n-
hexane 9“’“3'% DCM/EtOAc 40 7 T3t T2
vl A3 A3} DCM/EtOAc (90/10, viv) &Ho 2
7IE ?421% M 3 DCM/EtOAc (60/40, v/v) &0 =2
A& AASIAL HAA cyantranili- proles

A3 A o7 AT ATHTable 4).

34. IS Y MEdM

2 AFolA Y3 AFEHLe
traniliprole®] g #eHA 2 AZAE
st WeE FZY27to]l =2k (codex  alimentarius
commissioin/guideline 40, CAC/GL 40)*ol u}2} =3}
atdom, ol A4 el wet & SHAI(LOD, Limit
of Detection)®} % #3HA|(LOQ, Limit of Quantitative)
2 T HEIAE ALHEHO] 2.0 ng(S/
N=3)°] %L otefe] Axtale] wa} 0.01 mg/kgS =
Yelstth A el s A& %] 10 ng (SN=10)2.2
o}z o] Axtel wet 0.05 mgkgS 2 UERTE SR

AETH T AREF AFEL FEF MRLsG
12 o3ke] F=o]AY 0.05 mgkg o153t HHA S

2 A F cyan-
235l A
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Table 4. Comparisons of SPE cartridge and elution solvents for cyantraniliprole analysis (unit: %)
Florisil Silica
Solvent Ratio 5 mL +5mL  +5mL Total 5 mL +5mL +5mL Total
90/10 0 0 0 0 0 0 0 0
A in-h 70/30 0 0 0 5.9 0 35 2.4 0
cetone/n-hexane  ¢4/49 0 12 6.2 29.7 2.1 12.1 15.5 7.4
50/50 12.2 13.2 0.2 69.1 17.1 29.6 22.4 25.6
90/10 0 0 0 1 0 0 1.0 0
70/30 0 0 0 459 13.2 24.5 8.2 0
DEM/EIOAC 60/40 3.2 23 1.2 98.6 56.2 229 19.5 6.7
50/50 8 13.8 4.9 77.1 37.1 19.6 20.4 26.7
- A Table 5. Validation results of analytical method for the
- determination of cyantraniliprole residues in welsh
- onion
- N Sample Fortification ~ Recovery” LOQ
- )\ (mg/kg) RSD(%) (mg/kg)
ST ) ) ) - Welsh oni 0.05 81.90+4.5 0.0
- cish omon 0.5 83.19+1.7 :

iiiiitiiis
E

Fig. 4. HPLC-UVD chromatograms corresponding to: A,
cyantraniliprole standard at 1.0 pg/mL; B, control
welsh onion; C, spiked at 0.05 mg/kg; and D, spiked

at 0.5 mgkg.
L7t E FFAAIL st =gl A e
e
LOD % LOQ(mg/kg) = [# 27 & (ng)/ 7 F(uL)]
x [#%-3]4 53] (mL)A 5% (g)]

e A (selectivity)S o3} F-4 2]
7<-l7].zs1. :@]/\ o A]qu :_—’LEU]—EZ

Cyantraniliprole2] 41€]
Al Ee}, BEENS

"Mean values of triplicates with standard deviation.

We A= wasld 24siec. A RS 85
Nz o) Aggele] Aol ek A9

H§F & HPLCE 2489t Zx8 A8 % cyan-
traniliproleZ} 7+ A7HE Zh= oW HlE B
T HAEHA o822 HA F cyantraniliproles
0]:5]] E XgHo] &2

N o

oH_Q_
=

H

==
Ta

=]
)=}

R
A

o 1

3] we Relss A94e 71

grelg & QA TH(Fig 4).

35 d+g =3 Zu

Cyantraniliprole ¥ =898 34 52l 0.05
mgkeg, LEES 0.5 mgkg FEE 39 X2 5}
34g ANFE A A3, 7 TRoA HiE FFE
81.9~83.2%°1 3L, o|uf FHFFAR = 5% PO 2
AL AEA Eg Ay 2rtol =l RetEhs

A 5 ASATH(Table 5).

36. M= =

= Aol - AR
AR A2 Susly
A gl 2AL st

S|
e

)

Cyantraniliprole ®A]ol ion pairE 2t &= H&
Q27 o4 EA)8+] porotonation©] &0 EE

electrospray ionization = A3 th &%9] formic
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Fig. 5. Full scan mass spectrum of cyantraniliprole and
chromatogram of standard solution at 1.0 pg/mL.

acidE protonation enhancer® % 713k o] 54 Z 79
A(M+H)" iong A skl 57 0] &E5(SIM) 475 m/z
2 AR on, EAdo)0] HA sl HEE mass
tuning QS B3l 7171248 AA s w3
93 A= 7P & S YA = cone voltageE
gelst7] 913t cone voltage®] W ste]| W& =2
7ol xfolE FAREE A 75 VA 9] peak 7
T7F YER 70 Vo olAddX = A A Yo
WS IR F U BE UAIFE 75 VE AR
st HA o EMZAE gy Ao 2 AdEHAT
(Fig. 5).

HdAtel =

O

2 AdTE 20120 AFo]oFEdA AN
WabA o] AR ] A A(121612]) F2H016)] 23]
TR AT, ojd FA=HYT}
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