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Abstract This study aimed to evaluate the impact of sample preparation temperature on matrix effects
during LC-MS/MS analysis of pesticides in Allium species (onion green onion, and garlic). Four pesticides,
namely dimethoate, etofenprox, metconazole, and pydiflumetofen, were analyzed under three different sample
preparation conditions: room temperature, dry ice-assisted homogenization, and ultra-low temperature freezing
followed by homogenization. Chromatographic analysis revealed significant matrix interference signals at 1
to 1.5 min and 2 to 4 min, with the strongest signals observed during the extraction step. These interference signals
decreased during the partitioning and clean-up steps. Notably, samples prepared at room temperature
exhibited the highest matrix effects, likely due to enzymatic activation and the subsequent formation of
sulfur-like compounds during tissue disruption. In contrast, dry ice-assisted and ultra-low temperature
homogenization significantly reduced matrix effects, suggesting that low temperatures effectively inhibit
enzyme activity and suppress sulfur-like compound formation. Among the tested pesticides, dimethoate
exhibited the strongest matrix effect, likely due to its retention time of 2.46 minutes, overlapping with
matrix interference signals, causing ion suppression during electrospray ionization. These findings highlight
the critical role of temperature in sample preparation, emphasizing that low-temperature processing is
essential to minimize matrix interference and enhance analytical reliability in LC-MS/MS pesticide
analysis.
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2021; Park et al., 2010; Song et al., 2009). vl 754
HE W EA351= allinase 42 Ao & allicin®]
thiosulfinates® =], o] 34 0= wl-e- E9HA
ato] w2k 7o AiES AA allyl disulfide, diallyl
sulfide, diallyl disulfide, dimethyl sulfide 52| T}eFeh 33}
dEZ EaErhBlock, 1992; Do et al, 2015; Lanzotti,
2006; Park et al., 2010). o]2}gt FsRHEEL T A
AR S48E 7K, FRACER HSsl] wjid
Allium & Z= 24 A s &I IAEdol THEA
U 2Aste] 24 oM we) 4w A8 TR0l
AtHDo et al, 2015; Michael et al., 2007; Park et al.,
2010). olol me}, st A =2 FoF 2A4S sl
geletEa Ak wide] 7HS Hase 5 e 2o
BAAQL ¥Rt uido] H g sitt,

s A Al Allium 25 Aol x] WAehs 7] &4
S AAsE] 918 st A7t ) Eolhrt. Park et al,
(2009)2 florisil®] 33 SPE cartridge] AgNO,E 2|3}
of eoleg FAANA ¥, FSFEH AR} 1Y BAL
aIHOZ AAS=E WHS B tH(Park et al,, 2010).
Kruve and Leito (2013)5 LC-MS/MS 4] A] visz} ok}
ol 4] WAS= vl E & I (matrix effectyS ZHAs}sh7] 213l wf
2 BN, MY, EFEd AP, WEsEEEE AP,
post-column S H|L A5t 7 2Agk WhHE AAl et
322} s tH(Kruve and Leito, 2013). T3k Kwon (2017)&
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oz AlE 24 el 25 Wzt v g 3ol v
T 9L Wrkekaat gtk o5 el 2% 2deol Allium
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Aol AH8E ¥FEF dimethoate (99.3%), etofenprox
(99.1%), metconazole (99.9%)= Dr. Ehrenstorfer GmbH.
(Augsburg, Germany)APollA 31920, pydiflumetofen
(1000 mg/Ly= AccuStandard Inc. (New Haven, USA}
oAl Fuste] A8}t Acetonitrile % methanol
Merck (Darmstadt, Germany)2] HPLCH Al &2 ARSI
© ™, ammonium formate (97.0%)} formic acid (95.0%)
£ Sigma-Aldrich (St. Louis, MO, USAW} A&F2 AR}
%At gk QUEChERS EN 15662 method extraction kit
(Magnesium sulfate 4.0 g, sodium chloride 1.0 g, sodium
citratetribasic dehydrate 1 g, sodium citrate dibasic
sesquihydrate 0.5 g) ¥ d-SPE (Primary secondary amine
25 mg, magnesium sulfate 150 mg)j= BEKOlut (Hauptstuuhl,
Germany)oll] Fujste] AR&silth AR 24 4 5 2
= F4gd AHE FE HAE @ 2RAE Yiwu
Lianyou Commodity Co., Ltd. (Yiwu, China)ollX —*ulja}
Hom, Axg] gl AME XI%71= SPEX SamplePrep
(Metuchen, NJ, USANIE AM83519o, d4Ee7|=
Hanil Science Co. Ltd. (Incheon, Korea\} Al &S A&}
At
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7, AlE AAE] gl me vla APS 98] A2 Mg,
=ojojo] 2~ HKEE AE, AL WEL B AEE F
Hlatgnt. Ao Alge 7§ EFste] SA] st
Al ARgaITE =gtojotol s %
9] 7§ 1 kg F ESfololol B 1 kg H7Fste] mReil
on, vkg9] A =8folofol 2 500 g& FUIetel ¥ 15
kg e AHgste] mifeislnt. 242 BEad] e43%
AE= -70°C 2AE WEalolM 2443 Badk - vyl
o A AHg-aliTt.
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dimethoate, etofenprox, metconazole, pydiflimetofen]
A3t acetonitrileS ©]-8-31] 1000 mg/LE A
Ttk o] pydiflumetofens X33t 500 mg/L S-S
ZA| 52, acetonitrileZ 3]A3t] ©AIFOZ 0.2, 0.1,
0.05, 0.02, 0.01 mg/LE ZAISISITE. o] ¢ A2 Sl
Fg N (solvent standard)x} & 8N (matrix matched
standard) YHFESITE. S EFEHS working solution}
acetonitriles 1:12 A7lsle] BEoH, mjZdEFgHS
Zyzre] 232 A=29} working solutionS 1:1% 7Fsle] T
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Table 1. LC-MS/MS full scan conditions for detecting interference
signals in Allium Crops

Instrument SCIEX Triple Quad™ 5500+
Kinetex C18 (1.7 um, 100 x 2.1 mm)
40°C
A: 5 mM ammonium formate and 0.1% for-

mic acid in water

Column

Column oven

B: 5 mM ammonium formate and 0.1% for-
mic acid in methanol

Time (min) A (%) B (%)

Mobile phase 0.2 95.0 5.0
0.5 10.0 90.0
25 2.0 98.0
35 2.0 98.0
3.6 95.0 5.0
10.0 95.0 5.0

Injection volume 2uL
Mass analyzer (m/z) 100~500

LC-MS/MS 7|7| 24 =7

471715 LC-MSMSE ARE3le™, LCE Shimadzu
UHPLC system Nexera 40 series (Kyoto, Japan), MS/MS
£ AB SCIEX Triple Quad™ 5500+ (SCIEX, Redwood
City, CA, USAXFE ARE-sISiTE 7171240 ARSE HH
< Kinetex C18 (1.7 pm, 100 x 2.1 mm, Phenomenex,
Torrance, CA, USA)I2™, o542 0.1% formic acid
9} 5 mM ammonium formate”} 33H8 water®} methanol
< MM Allium & 2E2] 7 A5 E FRls] 9
&l full scan mode= A& Tt oM, T F4 =4
< Table 13 ok, 24 o 5ok o] 23} W 0= ESI
(Electrospray ionization)E& -85} positive modeZ
#Z3l¥l MRM (Multiple reaction monitoring) =712 &
Hatsieh. S E 717184 2732 Table 29} 2t}

Table 2. LC-MS/MS condition for dimethoate, etofenprox, metconazole and pydiflumetofen

Instrument

SCIEX Triple Quad™ 5500+

Column

Kinetex C18 (1.7 um, 100 x 2.1 mm)

Column oven

40°C

A: 5 mM ammonium formate and 0.1% formic acid in water

B: 5 mM ammonium formate and 0.1% formic acid in methanol

Time (min) A (%) B (%)
0.0 95 5
Mobile phase 0.2 95 >
0.5 10 90
2.5 2 98
35 2 98
3.6 95 5
5.0 95 5
Injection volume 2 uL
ESI )

Curtain (CUR) 30 Temperature (TEM) 350
Collision gas (CAD) 10 Ionsource gas 1 (GS1) 50
Ion spray voltage (IS) 5500 lTonsource gas 2 (GS2) 50

MRM condition
.. ) Quantifier
Pesticide Precursor ion . CE(V)
Qualifier
) 198.9 15
Dimethoate 230.0
125.1 30
107.0 60
Etofenprox 394.2
177.1 25
70.1 60
Metconazole 320.1
125.0 65
. 192.9 60
Pyridiflumetofen 426.1

123.1 100
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A2 HMX2|

R E AR 10 g F st 50 mL 94 FEd
£ Z acetonitrile 10 mLE 78l 187 7484 &
o] &g3Itt. ©]%, magnesium sulfate 4.0 g, sodium
chloride 1.0 g, sodium citratetribasic dehydrate 1 g, sodium
citrate dibasic sesquihydrate 0.5 g& 7}t & 137F T
ZyaAl 548k H, 3,500 rpmoZ 5EZF AR SN
o]l% HAHHNS FH3l magnesium sulfate 150 mg}
primary secondary amine 25 mg¢] ©7] 2 mL ¢AE2
TR &1 F 3027 A £E50] et ol %
13,000 pmO.2 577+ At § AT} acetonitriles:
1112 &3 3 LC-MS/MSell 2 uL& FYste] B4a}
Ak 7] A RS 71E0E & AFelM T acetonitrile
10 mLE #7}stal FZ3 WH3 QuEChERS kitg H7F
o & FE3 WS o] % d-SPEE 3l HAISH Wel o
3 3=, i, AR st 4PS FAs
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olslazA) SISt A& A7 HHE 7102 acetonitrile
F&% W (EE), QUEChERS kits Z7Heh W G2,
d-SPES o83l HAR WHEAel that AgHe 24

3 7, 35] W BAS] Pgks Ak

7‘j o
AN E AlE A W AE] el whE o
=

Matrix effect (%) =

(slope of calibration curve in matrix
slope of calibration curve in solvent

1)x1oo )

27 9 1%
LC-MSMS 2M7|7|9] #X3 & HE

£ Aol|A= dimethoate, etofenprox, metconazole, pydi-
flumetofen®] 44 = AZF E£4& $5] MRM (Multiple
reaction monitoring) =78 ARSI 7t FHoF AR A3}
B A o] & (precursor ion)Z A 0] (product ion)S 417
st olwf 7t slekEe] M5 Al7K(retention time)y Z}
7} 2.46%, 3765, 2,915, 295822 SRIF I} o] F i
37k $l3l sobd B A gt vig) ks
283t matrix matched 7S WALt} ol
AL, =efoloto]l 2 A7t AL WE B Al 71A
o= HAsiion, #4 A3 BE ARl 4%
T 099 oo = Vet o= 24/do] Srsto] uj
AR S 913 7187] 3k B30l Agsivhar dekE
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Fig. 1. Temperature by sample preparation method
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sto] |59 258 RIS A 24AM 49 2=
W)= %t 88~10.6°C, tHa} 20.6~21.3°C, PF= 13.7~15.0°C
Fom, Hi L= %t 9.7°C, thu} 20.7°C, vks 143°CE U
ERT Egfoloto]2E IS Al G —43.7~-39.5C,
3} 299~-268C, vFs —412~-303°CHH, Ht 2%
© 47 —41.6°C, 3} —28.2°C, vk —37.5°CHt}h. ZA2
WE e ANEE YT -21.7~-205°C, 3} -11.6~
-10.0°C, "5 163 ~-13.7°CY] &% HYE H9on, ¥
o 255 49 -21.1°C, U9} -10.7°C, v}& -15.0°CE &
A=A THFig. 1). L3 A5 A4 BHS HE39 20
Bl 2EHE 2AE 2% 2ot EAlE o=
Fupol whse] 7 2Fo] FEYHA FF ko] o 4
A wiEs v, divls AE2 e~ gad, FudER
Q.2 Fefo] e} npsHT; Fof Zﬂ ZA=7} 78l 717
2 7k Al o] F7tsle] 2571 H =4 S8E A
2 AAETHChoi et al., 2022; Ivanova et al., 2024; Kim et
al., 2023).
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Fig. 2. Chromatograms of (A) onion, (B) green onion and (C) garlic according to sample preparation methods.
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Fig. 2. Continued.
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A} A EFgAHTFA] AddE ERlsA Al
ZA 23 A Wyl w33 v S st
,AE Ae] Hat HEie A=t LC-MSMS
735 vl PRt T4 i sk A 7 o238} 734
o] WAste], A Adte] 7He AlSTt Faste o] A
&4} (on suppression)0] FE UERFE 208 HIHAT
(Coté et al., 2009; King et al., 2000). & Aol X% o},
o}, vhsellA EAE 450 FoF tiEo] o] oA dY
S HoH, IR Fio] 7E ol s S BT o]
w9 FoF 4%0] vidazt WEge] Ao HeE A= A3

foh

o H o

PR —12-09] WA BAOW, thok= 15~ 02] WSS
BT, vHES 0-17¢] XIS Vit 38] W 4 2

s, TR R WA Est dskE Uehgont, Uy
HRIE WE AGONE o] A% B 3 e
A Rjol7 waseY, e, i Ele) Aage
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Fig. 3. Matrix effect of four pesticides in Allium species depending on pretreatment and sample preparation temperature conditions.

(A) onion, (B) green onion, (C) garlic. "ULT: Ultra-low temperature
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ROl FAKE AE BT AR 24 Al 2ol W2 vl ZEALe] 2

TS v A3, Ao midawrt 7P A4 ver
o A= o), Gt vhsEoldit). 539, tiuke] e o =
A=) ot nil] A A wpEde] F7kslaL, o2
H S5t Asstas] aavt @43t SsleEdt
Ao Aol Frtste] widaIrt IA YeRd A
FTH(Schwimmer et al., 1963; Wafler et al., 1994).
Tefolojo] 25 HIbelAL A2 WEd AR
¢ dg3rt A dhche AEFE BAT ol W

TollA G4 GAJo] AstE o] FsletEt Akt B4
Aol JAE97] wiEoz FeETHCoolong, 2000).
SRR A adE A8 43, 450 5 F EE &
goﬂ’ﬂ dimethoate®] A&7} 714 ZA Yehdtt. ol&
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