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Identifying an Effective Method of Pesticide Residue Analysis
in Allium Crops: QuEChERS Sample Preparation Coupled
with LC-MS/MS and GC-MS/MS
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Abstract Due to the presence of numerous interfering substances, Allium crops are known to be
challenging matrices for pesticide residue analysis. In our study, we investigated an efficient method for
pesticide residue analysis in Allium crops using QuEChERS sample preparation coupled with Liquid
Chromatography-Tandem Mass Spectrometry (LC-MS/MS) and Gas Chromatography Tandem Mass Spectrometry
(GC-MS/MS). We evaluated a total of 152 pesticide compounds in onion and garlic, and compared three
different comminution procedures: rapid freezing with liquid nitrogen (LN,), followed by grinding; gradual
freezing at -20°C, followed by grinding with the addition of dry ice; and grinding at room temperature. We
also evaluated the effects of standing time before adding the extraction solvent, the amount of PSA, and
freezing-out of the extracts on matrix effects. The results showed that the matrix effects under different
comminution and extraction conditions in both onion and garlic were the highest in the following order: room
temperature > LN, > dry ice. We noted that PSA treatment followed by freezing-out, freezing-out without
PSA treatment, and treatment with twice the standard amount of PSA demonstrated similar or lower reduced
matrix-effects than that observed in the treatment with the standard amount of PSA specified in the European
standard QUEChERS method (EN 15662). In conclusion, to reduce matrix effects in the pesticide residue
analysis of onion and garlic, an effective approach is to gradually the sample freeze at -20°C, followed by
grinding with the addition of dry ice; maintain the frozen state during weighing; and immediately add the
extraction solvent.

Key words: Allium crop, dry ice, liquid nitrogen, matrix effect, pesticide residue analysis
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oo|t}. Allium & 2rE-2 7135 E3eh= sHHE2 alliing
Fasla Y AEAY B 5o A alliinase T4
2ol 93] alliin®] allicin® & vl =H allicin® <Hg 3
shgHEo] of7] wiol 2143 Tkt allyl sulfideso]
39S FAshHA EalEth(Wang et al.,, 1998). o2
SRHEES S0 vIFA9 A4S 2k o] (litsuka
et al, 2010), B]=9 F2F ALl AEat7| whitel A =
oA olget SIFEES F AAsRs A HA &
Allium & ZE2] 2o B4 widaxE vj9- 3A
HE= gRlo® Zggirt, wEbA Allium & 2HEC] AA
I Z alliinaseS EE/JSHAA sulfidesH2] sFeHE<] A4S
AAA7]= HHe] Fasitt, ole|g Mg A9 NS
53l idadks o' 5 A

nhs, B3, 3550 Allium & FE-S A2AY 22 59
Yo 2R AAEE allyl sulfidesF2] 315HE wEol
(Wang et al., 1998), #2]o] wj$- o] Fi== F3
Allyl sulfidesF2] 3ol #oJsl= alliinase &40 TS
2= 9 pHoll w2t 2k th(Kuettner et al., 2002; Tobkin
and Mazelis 1979; Yoo and Pike 2001), ZH5-52F #2404
alliinase T40] &S AR A3l kS H7tsiA &
AeAY 9L 7lsks W (Zhang et al., 2008y 5]
g 2T ThsAol Ao BE Foke B #4838t
7l oJ¥th Li et al(2022) kel wisg AA@A R
718 ¥ A8 = EU 2 procymidone®] T 7H
2t BET) Alliinased] 34L& 255 WEo
EAE JAEYY B IEACHSchwimmer and Mazelis
1963; Urs et al., 1994). Choi et al. (2025)% %3}, o3},
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2-8-5%= QUEChERSH (Anastassiades et al., 2003a; Lehotay et
al., 2007) 10 g =S NEE V|2 FEsh= W
ozx, QEA Ae ANE gre & 3§ FHE F6
YEs HEHE fAs Eet=Ss et UAh(European
committee for standardization, 2018; Lehotay and Cook
2015).
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Aol AMEE 152 5 &3 IS 152 Dr. Ehrenstorfer
GmbH(Augsburg, =), Sigma Aldrich(Steinheim, =),
Riedel-del Haen(Seelze, %), LGC Standards GmbH(Wesel,
SUZEE FYste] AMESIATE Stock solution 1 mg/
mLe| FE $5O0 2 acetonitrileZ A Z3FHR AL pHOl W73+
EL 0.4% acetic acidE EH3t acetonitrile® A28}
Working standard mixture Z} 717134 1542 1 pg/mLe]
FTLETTOZ acetonitrile =E 0.4% acetic acidEHF acetonitrile
2 3|Aste] AxBI IFY <ol AAE ARl ARg-at
Atk ISE GC-MS/MS9 LC-MS/MSE 9Jall 20 pg/mLe
chlorpyrifos d10(diethyl d10yS AFE-EFF o A|F9} =&
Hofl H7hek W= acetonitrile® 108 8] 35l AR5}
Analyte protectants(APs)(Anastassiades et al., 2003b)24] ethyl
glycerol, sorbitol, 4-gluconolacton, shikimic acid= Sigma-
Aldrich AE-& AM-3IATE APse] A|ZE acetonitrilex} water
£ E33}1] sorbitol 50 mg/mL(50% water), 8-gluconolacton
50 mg/mL(40% water), shikimic acid 50 mg/mL(30% water)S
THE T acetonitileZ 8]43}] 200 mg/mL ethyl glycerol,
5 mg/mL sorbitol, 10 mg/mL &-gluconolacton, 5 mg/mL shikimic
acid’l ¥ =5 ZA5I tH(Paya et al.,, 2007). 2% Direct-
Q 3 UV Ultrapure Water Purifcation System (EMD Millipore
Corp., Billerica, MAYS AR5} A|Z3}9 3L acetonitrile}
methanol(HPLCH), acetic acid(96%), formic acid(98-100%)=
Merck(Darmstadt, =) #|F2 AR5 TE 5% formic acid
AL acetonitrile® A Z3IATE FE2 8l UCT(Levittown,
u]=F}e] QuEChERS (4 g anh. MgSO+1 g sodium
chloride(NaCl)+1 g trisodium citrate dihydrate(Na;Cit-2H,0)
+ 0.5 g disodium hydrogencitrate sesquihydrate(Na,HCit-1.5H,0))&
ol- g3ttt AATHAY d-SPEZ 98] anh. MgSO, grite
Sigma-Aldrich(Steinheim, U WFETH T4t PSA
E2A= Varian(Palo Alto, 7HHFEHAR] Bondesil-PSA40 pm)y&-
A3 Al E E4)= Prime Cut UMS(Stephan Machinery
GmbH, Hameln, 5%), A8 F%& Geno Grinder
2010(SPEX Sample Prep, Metuchen, NJ), 941%-2]:= Rotanta
460(Hettich Tuttlingen, 5% )2 ARS-31$1T].
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RT-120 RT-15

ot Allum & =z9| IUFSCh BAMOIM oiEsm Mg 225

LN, Dry ice

Remove roots and parchment skin easily detached

Rapid freezing with
Liquid nitrogen

Sample analysis

Slow freezing at
-20°C overnight
(quartered onion)

(no cutting)

Fig. 1. Methods for grinding of onion and garlic at different temperatures.

Z1zZF Q3 IN;E o] 208 RIste] $hds] i & 2uiE
E27](Prime Cut UM5)Z &334, —F:éﬂ U Is
ey 7t °X154°1E} Dry ice X279 734 o= 24
Sk vhE Adgle] 2R -20°C WA st
SR AU Fol] WE AJEe] FAE 3l dry iceE 371t
A ek, W o] g wa FAeIA 7
T 2A 2] HF F-919] AEES A9l W e &
FAE MBS Failom A FHIME AET} o]
HA @55 2EHEEF BASHA A& FAE AF
atar %H}i & $uE FUIEiTh A2 B9 B9
s R Faetal Fue] 7S 2-45Este] 8t
At oA wE Al k2 FAE At 4

i 2

2o|A 12087F W] Skl 4 8 E Hy)st ;qa:rL(RT_
120)9} g2l A 15%2¢ Hgilé}z 29 auj= Azt

A2 FRT15)2 Uhro] 2412 A28i9,

Hx e

A &2 HAEE citrate buffers ©]-83R= QuEChERSH
(Hepperle et al., 2015; Paya et al., 2007)2 |83}t
nh=9] 79 EeEe] o 60% BEO|HE S B
sl =& F7kste] FZ313TH(European committee for
standardization, 2018). A A2|& thgslstr] Sl L+
FZ2de #9 ¥ QUEChERSH(EN 15662) PSA %52

5 vl A2, PSA GA| 3 freezing-out, JA| §lo| freezing-
out A& HER 3 0}‘3‘:]' F= 2 A g o3t
FIFS AL HE FEY0 id e nAe %S

A3 flell FE&AL AAE A2 viRl ol Htst

A=l A daks v 29kon Fig. 20 UERY
ek @ o] 79100 + 0.1 g "H=¢] A$- 50 + 0.1 g2
A|BE 50 mL FHo| Al v 6 mLe] 22 A
7Felth @ 10 mLe] acetonitriles FHol| A7isk & 155

7+ 32712 243 £ @ 4 g anh. MgSO,, 1 g NaCl,
1 g Na;Cit-2H,0, 0.5 g Na,HCit-1.5H,02 7}ttt @ =
AS Wl FE7|2 187 483 A3 T 3450 refollA
SE7F AR g ©® 6 mLo] FEES a) 150 mg PSASH
900 mg anh. MgSO,, b) 300 mg PSA + 1.8 g MgSO,(%3}e}
"5 RT-120, 75 LN, A 275 8F), ¢) 150 mg PSA +
900 mg anh. MgSO,(¥¥¢} mks RT-120, #ks RT-15%
LN, A 2]#7k 3%, d) AR oF F47KE9 RT-120 A2
%LHP aF)e] 7t Et“ﬂ | 3713t} ©® a), b) o) FEE F4S

T 3037 AGE T 3450 repllA] 5E7 °M“=‘aé}
c) d) FEE freezing-out2 $I3)| -20°CoIA 314 Hak
3 k| 7]9) cotton wools B3 A&ttt @ 4 mLe)
TS 2 87100 &713L 40 pLe] 5% formic acid ?:}'rr
acetonitrileS %7t} @) LC-MS/MS 495 913l 800 pLe
%‘%‘—’Hg vialoll #7132 #F &94¢] %7t 0.1 pg/mL7t
HEE 100 ple] EF EFENZ 100 ple IS £9&
%47}0}1 GC-MS/MS 245 98 LC-MS/MS 2434 &
A3 AZ $ 10 uLe] APs -84 H7}slt}. Solvent standard
Sl FZ thAl 800 Ll acetonitriles F73It},
TFet Azlel wof A & Qlate] A EE | HkE
FPsiout, ¥FEE 74 34, GC-MS/MS?] Total ion
chromatogram(TIC) ®|3L 5-& F7t5te] 2] vjd a}e]
o7 A2E s

o>‘ r°i' k]
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@ Weigh sample into 50 mL tube
Onion: 10.0 £+ 0.1 g, Garlic: 5.0 = 0.1 g (+ 6 mL water)

\ @ Add 10 mL acetonitrile and shake vigorously, 15 min ‘

| ®Add4ganh. MgS0;, 1 gNaCl, 1 g Nagit - 440, 0.5 g NaoHCit - 1.5H0 |

\ @ Cap, shake vigorously 1 min and centrifuge 3450 rcf, 5 min ‘

® Transfer 6 mL extract to d-SPE tube
a) PSA: 150 mg PSA + 900 mg anh. MgSO4
b) Double PSA: 300 mg PSA + 1.8 g MgSOs(only for RT-120 of onion and
garlic, LN» of garlic)
c) PSA + freezing-out: 150 mg PSA + 900 mg anh. MgSOs(only for RT-120 of
onion and garlic, RT-15 and LN, of garlic)
d) Freezing-out: No clean up (only for RT-120 of onion)

® a), b), c)
c), d)

: cap, shake 30 s and centrifuge 3450 rcf, 5 min
: store =20 ° C for 12 hours and filter with cotton wool

@ Transfer 4 mL supernatant to glass vial
+ 40 pL of 5% formic acid in MeCN

[Matrix matched standard]

[Solvent standard]

Final solution preparation
- LC-MS/MS: 800 pL extract + 100 pL mixed standard + 100 pL IS
(final concentration 0.1 ug/mL)
- GC-MS/MS: as above + 10 pL APs solution

- 800 uL MeCN instead of 800 uL extract

Fig. 2. Sample Preparation for Pesticide Residue Analysis in Onion and Garlic Using QUEChERS Extraction.
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LC-MS/MS

LC-MS/MS=  AQUITY  ultra-performance LC(UPLC)
(Waters Corp. Milford, MAY’} 4% 5500 Qtrap(ABSCIEX,
Darmstadt, 59 )& ARE3Ion B4 AHLS WatersAo
AQUITY UPLC bridged ethylene hybrid(BEH)(2.1 x 200 mm,
1.7 pum particle size) Cis columne Van Guard BEH(2.1
x 5 mm, 1.7 um particle size) Cys precolumns} 323}
ARSI o AEFYRE 2 LAY HHEXEE 40°C,
42 04 mL/min©| 1T} ©]5S AZH 5 mM ammonium

formate®} 5% methanolS &3+ TS AMREAL
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Table 1. Retention times and selected reaction monitoring

(SRM) pairs in LC-MS/MS ESI(+) method 1

Chemical tR(min) SRM1 SRM2
4.4-Dichlorobenzophenon 7.54 251/139  251/111
Avermectin Bla 10.2 891/305 891/567
Avermectin B1b 9.41 877/291  877/553
Avermectin Z-Isomer Bla 10.5 891/305 891/567
Azaconazole 3.8 300/159  300/231
Azadirachtin 2.99 738/703  738/585
Bromuconazol 5.34,6.34 378/159 376/159
Chlorpyrifos d10 8.61 360/199
CGA67869 2.95 266/148  266/206
CGA94689 4.07 296/146  296/278
Cyproconazole 5.52 292/70  292/125
DEET 3.55 192/119 192/65
Diclobutrazol 6.45 328/70  328/159
Diniconazol 7.35 326/70  326/159
Emamectin Bla 9.23 887/82 887/158
Emamectin B1b 8.86 873/82  873/158
Epoxiconazole 5.81 330/121  330/101
Etaconazole 5.75 328/159  328/89
Ethiprole 4.79 397/351  397/255
Fenamiphos 6.16 304/217  304/202
Fenamiphos-sulfone 2.62 336/266 336/108
Fenamiphos-sulfoxid 2.46 320/233  320/108
Fenbuconazole 6.11 337/125 337/70
Fenpiclonil 4.24 237/202  237/140
Fluquiconazole 5.5 376/307  378/309
Flusilazole 6.24 316/247 316/165
Flutriafol 344 302/70  302/123
Fuberidazole 2.08 185/157  185/156
Hexaconazole 7.02 314/70  314/159
Imibenconazole 8.54 411/125 411/89
Ivermectin Bla 11.2 893/307  893/569
Ivermectin B1b 10.9 879/293  879/555
Lenacil 342 235/153  235/136
Mandipropamid 5.02 412/328  412/125
Metconazole 7.04 320/70  320/125
Milbemectin A3 12.2 546/511  546/153
Milbemectin A4 10.7 560/525 560/161
Milbemectin A4 8,97 10.7 560/525  525/167
Myclobutanil 5.34 289/70  289/125
Paclobutrazole 4.98 294/70  294/125
Penconazole 6.56 284/70  284/159
Probenazole 2.03 224/41 224/39
Propiconazole 6.78 342/159  342/123
Prothioconazole-desthio 5.84 312/70  312/125
Rabenzazole 3.35 213/172  213/118
Spinetoram 9.78 749/142  749/98
Spinetoram 10.3 761/142  761/98
Spinosyn A 9.28 732/142  732/98.1

Table 1. Continued
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Chemical tR(min) SRM1 SRM2
Spinosyn D 9.79 747/142  747/97.9
Tetraconazole 5.85 372/159  372/123
Tolfenpyrad 8.46 384/197 384/154
Triadimefon 5.17 294/197  294/69
Triadimenol 4.97 296/70  298/70
Triforine 4.06 437/392  433/388
Triticonazole 5.73 318/70  318/125
Uniconazole 5.49 292/70  292/125
XMC 2.99 180/123  180/108
Zoxamide 6.72 336/187  336/159

Table 2. Retention times and selected reaction monitoring
(SRM) pairs in LC-MS/MS ESI(+) method 2

Chemical tR(min) SRM1 SRM2
Acetamiprid 1.82 223/126 223/73
Acetamiprid-N-desmethyl 1.81 209/126 209/73
Aminocarb 2.85 209/137  209/152
Ancymidol 2.89 257/81  257/135
Anilofos 5.88 368/199  368/125
Benalaxyl 5.92 326/148  326/294
Carbendazim 2.06 192/160  192/132
Chlorpyrifos d10 7.21 360/199
Clothianidin 1.7 250/169  252/169
Difenoconazol 6.41 406/251 406/75
Diflubenzuron 3.71 311/158  313/158
Dinotefuran 1.33 203/129  203/157
Diphenylamin 4.97 170/93 170/66
Ethirimol 3.77 210/140 210/98
Ethoxyquin 5.28 218/148  218/160
Fenhexamid 5.17 302/97 304/97
Fenobucarb 432 208/95  208/152
Fenothiocarb 5.54 254/72  254/160
Fenpropidin 4.67 274/147  274/117
Fenpropimorph 8.18 304/147  304/117
Fensulfothion 3.71 309/281  309/253
Flonicamid 1.5 230/203  230/148
Fluazuron 7.37 506/158  508/158
Flufenoxuron 7.57 489/158  491/158
Flutolanil 4.73 324/262  324/242
Imazalil 5.77 297/159  299/161
Imidacloprid 1.66 256/209  256/175
Isoprocarb 3.58 194/95  194/137
Landrin 3.83 194/137  194/122
Linuron 435 249/160  249/182
Malaoxon 2.84 315/127  315/269
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Table 2. Continued

=

Chemical tR(min) SRM1 SRM2
Mepronil 4.75 270/119  270/228
Methoxyfenozide 481 369/149  369/313
Mevinphos 2.07 225/127  225/193
Monolinuron 3.19 215/126  217/128
Nitenpyram 1.42 271/126  273/256
Orbencarb 6.13 258/125  258/100
Phosmet-oxon 2.20 302/160  302/133
Prochloraz 6.2 376/308  378/310
Profenofos 4.5 373/303  373/345
Promecarb 4.69 208/151  208/109
Prometon 422 226/142  226/184
Propanil 44 218/162  220/164
Propoxur 2.78 210/168  210/111
Schradan 1.96 287/135  287/242
Spinosyn A 7.68 733/142 733/98
Spinosyn D 8.03 747/142 747/98
Spiroxamine 5.68 298/144  298/100
Tebuconazol 5.84 308/70 310/70
Tebufenozide 5.57 353/297  353/133
TFNA-AM 1.3 191/148 191/79
Thiabendazole 2.39 202/175  202/131
Thiabendazole-5-hydroxy 1.65 218/191  218/147
Thiacloprid 1.98 253/126 253/90
Thiamethoxam 1.49 292211 294/211
Thiobencarb 6.24 258/125  260/127

| 5 mM ammonium formate -+ methanol2-

AREEIATE A B 13 22 vro] I
1(Table 1) °]57 AE 60%= =2|7] AlZtsto]
0% B9k 10%2 vHEL 138714 §A8IAL 1318714
60%= YR & 1927k FASISAT 4% 2(Table 2)=
o]} A 100%= E2|7] A&t 0527 60%, 7.5
A 10%2 vRE = 127K fA8L 11L1E7HA]
100%= v 14274 A8kt F+ W =5 positive
mode®l| 4] ion spray voltage 5500 V, nebulizer gas 60 psi,
turbo gas 50 psi, curtain gas 30 psi, source temperature
470°Cz A8kl HlolH A=
1.6.2(ABSCIEX)Z AM&3}3iT}.

A=}
24

—

Analyst Software

GC-MS/MS

GC-MS/MS +(Table 3> Thermo Scientific Trace 1310
GC system(Waltham, "]=9)2} AZ% Thermo Scientific
TSQ 8000(Thermo Scientific, Waltham, ]=)°] EI mode®l|A]
AREEE. AJEE  TriPlus RSH  autosampler(Thermo

S

Ho

sy
(=]

Table 3. Retention times and selected reaction monitoring
(SRM) pairs in GC-MS/MS

Chemical tR(min) SRM1  SRM2
Azoxystrobin 19.0  344/172 344/329
Bifenthrin 12.8  181/165 181/166
Biphenyl 6.7  153/152 154/153
Buprofezin 10.6 172/57 305/172
Chlorpyrifos d10 92  326/262 324/260
Chlorpyrifos-ethyl 93  314/258 314/286
Chlorpyrifos-methyl 8.8  286/271 288/273
Cyprodinil 9.7  225/210 224/208
Dichlorbenzophenon, p,p'- 9.5  139/111 250/139
Dicloran 83  2006/176 208/178
Dicofol 145 139/111 251/139
Dimethomorph 19.5  301/272 387/301
Endosulfan-alpha 103 241/206 243/208
Endosulfan-beta 112 2417206 243/208
Endosulfan-sulfate 11.9  270/235 272/235
Fenarimol 145 251/139  219/107
Fludioxonil 109  248/154 248/182
Iprodion 12.8  314/245 316/247
Kresoxim-methyl 10.6  206/116 206/131
Lambda-Cyhalothrin 141  197/141 208/181
Malathion 9.2 173/99 173/127
Mepanipyrim 103 222/207 222/118
Mepanipyrim, Hydroxypropyl-  10.4 243/82  243/186
Metalaxyl 9.0  234/174 249/190
Myclobutanil 107 179/125 179/152
ortho Phenylphenol 7.5  170/141 170/169
Pendimethalin 9.7  252/162 252/191
Permethrin 153 183/153 183/168
Pirimicarb 8.6 166/71 238/166
Pirimiphos-methyl 9.0  290/233 290/125
Procymidon 9.9 283/96  285/96
Propargit 12.1  173/135 350/201
Pyridaben 154 309/147 147/132
Pyrimethanil 85  198/118 199/198
Pyriproxyfen 13.5 136/78  136/96
Quinalphos 9.8  146/118 298/156
Quinoxyfen 11.8  307/237 307/272
Tebufenpyrad 132 333/171 333/276
Thiabendazol 102 201/130 174/103
Trifloxystrobin 11.6  222/130 222/162
Vinclozolin 8.9 285212 212/172
Scientific, Waltham, 7]=H)& AME3lY 3 uLE FY39
PTVE A& £ F 0.8% 3 50°CE fFAIakaL o] A7k
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QF open purge valvelX] 20 mL/min®] vent flows 4]
3FO 2 M solvent vents ZIPTh. ©]F purge valveE &
ol PTV 25& 29 12°CE 300°C7HA] 52317 10%
FABIL ThA] 240°CE W50l 127F frAlsksith Z2ES
Thermo Scientific TG-5Sil MS(30 m x 0.25 mm, film thickness
0.25 um)E AREEFIAL 42 2 mL/min2 Y45 F4
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Table 4. Amount of remaining co-extractives in onion extracts
obtained various grinding and cleanup methods(mg)

Condition RT-120 RT-15 LN, Dryice
Raw 29 2.8 2.7 2.5
PSA 0.8 0.9 0.8 0.8
double PSA 0.8 NT NT NT
PSA+Freezing-out 0.7 NT NT NT
Freezing-out 2.2 NT NT NT

NT; not tested
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Fig. 3. GC-MS total ion chromatograms of final onion extracts
from PSA cleanup after different grinding methods.
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Fig. 4. Number of pesticides distributed in each matrix effect
range in LC-MS/MS analysis. Internal standards were not used
for onion extraction by various grinding methods. Extracts
were obtained by the methods using room temperature (RT),
liquid nitrogen (LN,) and dry ice.
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Fig. 5. Matrix effect of pesticides in GC-MS/MS with and
without peak normalization to internal standard for onion
extracts from PSA cleanup after grinding with dry ice.
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Fig. 7. GC-MS total ion chromatogram of garlic final extracts
from PSA cleanup after different grinding methods.

Table 5. Amount of remaining co-extractives in garlic extracts
from different grinding methods and cleanup methods ~ (mg)

Condition RT-120 RT-15 LN, Dryice
Raw 6.1 6.4 4.5 4.7
PSA 4.6 49 4.1 42
Double PSA 43 NT 43 NT
PSA+Freezing-out 4.6 42 4.6 NT

NT; not tested.
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Fig. 8. GC-MS total ion chromatograms of garlic raw extract
and final extract from PSA cleanup after grinding with dry ice.
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Fig. 9. Number of pesticides distributed in each matrix effect
range in LC-MS/MS analysis without use of IS for garlic
extracts by different grinding methods.
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