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ABSTRACT: Objective To identify the changes of carbendazim, thiamethoxam, imidacloprid, acetamiprid,
prochloraz and difenoconazole residues during processing and storage of apple purece. Methods The residual
changes of carbendazim, thiamethoxam, imidacloprid, acetamiprid, prochloraz and difenoconazole in simulation of
processing and accelerated storage experiments in the laboratory were detected by liquid chromatography-mass
spectrometry. Results In the established detection method, the recoveries of the 6 kinds of pesticides were in the range of
80.48%—114.58%, the relative standard deviations were 2.08%—-6.43%, the limits of detection were 0.10-1.25 pg/kg, and
the limits of quantitation were 0.50-5.00 pg/kg. During the apple puree processing, the pesticide residue

concentration in the cleaning step was reduced by 12.93%-38.87%, while in the pre-cooking step was reduced by
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24.61%—58.16%, while that in the pasteurization step was slightly increased (P>0.05). The residual concentrations of

6 kinds of pesticides were all reduced during accelerated storage, and prochloraz was not detected after 14 days of

accelerated storage. The processing factors of the 6 kinds of pesticides during the whole processing and storage of

apple puree were all less than 1. Conclusion The results can provide a reference for the formulation of maximum

pesticide residue limit in apple puree and the guidance of consumers’ safe diet. The obtained processing factors can

be used for food safety risk assessment, and the accuracy of risk assessment results can be improved.

KEY WORDS: apple puree; pesticide residue; liquid chromatography-mass spectrometry; processing; storage
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SERTFHEEREAS . RANED, HESHAER. B
UR . B PI . eSS, WZHBESE.
KEZMF FRRWERAE TR 2 E, RS ER R
R\ 21 (Food and Agriculture Organization of the United
Nations, FAO)4E i1, 2020 45 F& [ 3 ™ i ik 4050 77 t, Fiil
AL 191 JIAM, s ik E 2 a2 e R AR K
o, RSO . SO . BEAVRME . IF BAE E R R
A, RPRIESESR i RO R, A2 R AT e 2T
RO TR A LUR I BER, PREE™ S id T
SER I BRI, R Tk H R e R TR AR B T
MR BT, WE R | IE PR S e e T TR
W BB R . ZISER AR ZIER AL R BN, ZHEA .
WE R | DREERE . BEHUBR . ek, SRR IR R R
bR S

SR R 2 ik B S R AR AE e KU, A ESE
FW], AT ZFhifE 5| DNA #i45, A& MEE
9, LA TR RO B LA K I 0 1 RUBR: 100 R
SR B A i i M DA R R [ [ R M ) o S 2R e e 24 A K ik
B BREL DA T AR O, (SR AR
BRI T R AR 2 2 S PR 2GR B, OO G i
R0 B SR SN T AR vh A 20 5% B AR L O 9T 2 4R
FRAESESRE . SER SR, CHEN 25U RS T 76 ik nhe,
G ST SR v B R EE PR Y B BR AR Ak, S5 IR R
ik nfr e 7 %ok FY R R 2 S M) R A AT S R D HAN 251
WY T SESRE 0 1k sk Y B B AR AL, S5 ERRBHAE
SERE I L LA A I CAE BRI LR N 1, SRR
T FP Otk SRR Y B P A N R SRS . SRR Tt
P 25 5% B AR AL AR AT 4B H R o LS SR U hn T A
fitt gt #R A 2 5% B AR A R IR SR B . SR TBAR B T
REFWTYEM R LER, BRI EEEA
JS AT, AR R LR BUCE R R BRI — . B
Al LR A 25 RS it 32 J3 41K, 53 SR e T Ao 24 5% B AR
Pt 3T B LB i e B e

A 2 5% B R 22 ok PR R A A 4%, A3 AOAH ik
P VAR TE- DTS RO (B RO (8- BT RS (liquid

il

chromatography-mass spectrometry, LC-MS)%% ., S AH (A 1:
RS TSRS T R M 25 ORERE AR 2 A A
HE— 5 SR BRAE ), T AOROAR e 3 2 X 3 4 A 2 4G I ) R
P S J 200, DR Ok SR R R 0 3 - TR AR 24 5 B kA T
R ARSI i WA O 2R R | MEUE
DREERE . IE HUPR . ok ORI Tk Y PR, N LC-MS, BfF
F 6 FARZGASETER NN T R A ik 72 (9 5k AR fL AR,
I35 T 7 (processing factor, PF), LI M 244
T PRt S%

1 MR5ERE

1.1 XBE5RH

Agilent1290-6470 AR (635 - FTi% Bk H AL . ZORBAX
Ecllpse Plus C ;g #1:(100 mmx3.0 mm, 1.8 um)(3E [EZHEE2
F]); FA2004 J7 432 — T RV (RigseEE PR A E
R\ w]); DMT-2500 4 3% 5 (b 8 FE R A2 A BR 2 )
HR/T16M 3 i 38 O WL R A SR 50 = AU R A TR
Zyl); LRH-250AE AEAVESRAR (AR BE LB B A A e
ABRAF]) .

% B R (CoHoN;0,, CAS: 10605-21-7) . W& i 1
(CsH,oCIN5O;S, CAS: 153719-23-4) , BRI (CsH ¢CLN;0,,
CAS: 67747-09-5), g HUBK(C oH,,CIN,, CAS: 135410-20-7)
Ak B ik (CoHoCINsO,, CAS: 138261-41-3) . 7K fif F 3R s
(C1oH7CuN305, CAS: 119446-68-3)(4liJEF>98%, | 1415
HEHARER AR M ST AR A, NG (EiGat, M ER S
Fl); SALEN . JOKBRRREE( A, LRI AR R A BR
NF]); N-PA %L 2 % (primary secondary amine, PSA). Cs.
IR (E ke, Ligm E YR A R ).

1.2 EFRmMIRGERS %

PR T FE 5% LUCIE 20 sk, MRSk
EEMMEAE R . BRI (DTSR, EBOR/N—3,
HEH TR, BRKMEE 15 s, WE#A 1.6 L/min,
H 2R BT (QBERE, BE TR BSER I 3 eomx3 cm B
AR, HCARRENL R, )T, K R P A K
R 1 min FEH; (OFTH, K BEE HSERESTA
FTHHLH, $ 200 mg/kg MABUIRIMLERFFT2E, 15515200,



8130 1% A T R A

13 E

G AR, R E THISHE ST 90°ChN#4 15 min;
(6) I B At 6, 45 A8 TR S S R YR B B, 54°C+2°C T fif i,
AT 4.0 8. 14 d BURER LA 25 % B3 AR Ak 122
1.3 RAKBRNTGE
13,1 HmRRE 4L

TERRFRER 5.0 g KEAL T 50 mL 20459, A 20 mL
ZJETRZ LI 30 min (2500 r/min), fIIA 5.0 g EALEN)E 4k
ZE4R % 2 min, 5000 r/min 0> 5 min. B FJZH VA 2 mL
F1omL BB, 2HA 1.0 g GRS . 100.0 mg
PSA 1 100.0 mg Cg, #RIRAIG 5000 r/min Bf.0> 5 min,
B b 0.22 pm JEME, £ LC-MS Kl
132 BEHA0 &0

{43 FE > ZORBAX Ecllpse Plus Cyg #:(100 mmx3.0 mm,
1.8 pm), #ERN 40°C, #EHERR 5 ul. WBIAH A 2h 0.05%
HERK, B AN, MEEBEBAF R 0.0~10.0 min, 90%
A~40% A, FE 200~300 pL/min; 10.01~12.0 min, 40% A, &
50 pL/min; 12.01~20.0 min, 40% A~20% A, ¥t 200 uL/min;
20.01~25.0 min, 20% A~5% A, i 200 pL/min; 25.01~
40.0 min, 90% A, W& 200 pL/min, 6470 FLIi%E =5 DUk

FFERER T, HHL RS 5S BT (electrospray ionization, ESI)IE
B, £ 500 Wl (multiple reaction monitoring, MRM)
MR, BT IRIRE N 300°C, HALERIESIN 103 kPa;
THRAGHE A 11 Limin; BHEH TN 4.0 kV, 6 FlR 2545
HESL I R B T DL 1, B AR AR R B R], A A AR A A
WA WA o AZEE R B ST Rl S5O 3R 1, REHE R
BT AR 2 R A
1.3.3 AR 64 Be b BT o 45 4 4E

A3 AIVERIFRER 10 mg AR Z5hrifEdh, FH 20 s A i il A
1000 mg/L HIFRHERE &, BT 4°CORFIRAER o 43 BIH
RAFRUER IR 1.0 mLIRS, SRR 10.0 mL, FlHl
A 100 mg/L A 23R A PR UEIR I o LB RRAR 25 IR A il
R EWEE /50 1.00, 2.00, 5.00, 10.00, 20.00. 50.00,
100.00. 200.00. 500.00. 1000.00 pg/kg i ZINEFIR SR
R B 5.0 g 75 FISERAE S IR PR BGA T AL BR 3R AT
25 ISP RS R IOR, P UM B AR 2 TR A b v T T 2 U
JE4351° 1.00, 2.00, 5.00, 10.00, 20.00. 50.00. 100.00,
200.00, 500.00, 1000.00 pg/kg Y F 51 KL IR A FREL I o
RIVRSFRUER W 1.3.2 BULESSEUERI, 43 9145 v
TR VA p 28 5 b A T 2%

x10*
o 6
8+
7 E
6
g
= 5] 5
Jg'
4
3 L
27 4
1} 1 2 3 L
1 23456 7 8 91011121314151617 18 1920 21 22 23 24 25 26 27 28 29 30
PR EA B ] /min
Wl ZHR; 2 BEDUEE; 3: bk, 4 nEdipk; S0 BREENE; 6: ASHEEE PR
B 1 R2YPriEsH BB TRE
Fig.l1 Total ion chromatogram of pesticides
=1 REABABFRRIESH
Table 1 Fragment ions and MS parameters of pesticides
ey {5 B4 15} 6] /min BEBS T [M+H] (m/2) FETFm/z) EIREHIE/V M RER/V
2R 6.71 192.1 160.17/132.1 110 15/20
15 th W 9.15 292.1 211.27/181.1 90 5/20
AN 11.41 256.1 175.17/209.1 110 15/10
WE B 12.50 223 126°/56 115 20/15
IDK i e 21.41 376.1 3087/266 95 5/10
ik FF ER 24.80 406.2 250.97/337 145 20/15

T+ RR N E R T
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1.3.4 R iR B AR B R/ E E R ER
FREL 5.0 g 3R 25 RS, 43 3% N 10.00. 100.00,
1000.00 pg/kg MRAVRERE, FNKFEEKL 5K, FEf

W 550N o ] A 2R FI AR X B ME s 22 (relative  standard
deviation, RSD). [RIH% g SEBrAs: H A 25 Wk 5 5 T A 24
WeRE B 43 L o 28 PRI AN 5 e 25IR A Fr e,
28 PR R BURE R R, 3 A5 (MR R AR 2
¥ R (limit of detection, LOD), {5t S/N g 3 i}, %f
R A 2 e B B A AS R FR, 4% 10 550 He T3 2 B BR (limit
of quantification, LOQ), M4{FMtL S/N Ky 10 B, XFhi R Z
B2 R Ry 5 R

1.4 HIEAIE

R Excel 2019 %8s B4 74k BRI TN 51935,
K SPSS 20.0 #1725 57 W17 . RIS G EARE M
Al 21 /A BT A 20 24k 245k BR BTG 25 (Joint Meeting
of Pesticide Residues, IMPR)#{ i€, PF i & F TP & b in
T AR 2y 5% B AR P PF SR TS A 2% B v S n T
AR 2558 B e BE W LB, PF R T 1 R in La R 255k 8
W BERG AN, PF {6/ T 1 3R TR A 2455 B vk B R i),
TARAE i P AR 28R B R EEIR T LOQ, MR LOQ fEH T
P& PR,

2 HERS5SH

2.1 #MNTERISEIE
BB AR B R HE M Zerh, X ARG EE, Y
FETES TSR, 6 Fhfe 24 g B s 7 06k T AR5 0 1 v JEE 1Y
LRMERE S R B TE 0.999 LA, 2Rk BT T8 (matrix
effect, ME)J2JE U7 i i 28 AL 0 R AR v i e Rl e iy 22
55 R br i it 22 R R 09 LB . |ME| << 20% 4y 55 58 T30
20%<|ME|< 50% } H &5 I TR N, |ME[>50% W] 5 5 4%
72628 SR N e ME B AE £ PG Iy ks (Y A v
e 2 Pos, BEH PRFIN 55 I RN, Ptk e bR DK i fre
FICAHPEERERAY, 2R R | 6 MU R PR R

6 R Z5 1Y LODs G F 2 0.10~1.25 pg/kg, HAbksf
JHe FR ik B SR ) LODs feffR. 6 AR 2451 LOQs il H
0.50~5.00 pg/kg, HABREERET LOQs feff. A& A RITRm
e BE A S 24 [8] 0 2K 7E 80.48%~114.58% 2 [], RSDs 7E
2.08%~6.43%2 i), HAT R AT A AR ER MM LR,
22 EREARMILBRAKRET
221 FHRTR

AR 2T (RE S 10.0 mL 10 mg/kg R 2518 S A5
SRR I, T XU P SR 24 hE AR, 6l 24 4t
A TR IR, HARILER 3, BV RcE W m
TIBEE, SERZ KL 15 s J5, BEdGE | Ak ik, g
RN 25 TR R R B Tk B 4y ) B 2 R AIR 38.87% . 31.56% .
29.50%7F11 13.05% (P<0.05), WKL AN R PRMsGE B8 v i 43
IFEAE 12.93%F0 17.88% (P>0.05)., HEMH AL TR R4 2 5% BE [
TICFERE SR ZKIETERZE, 6 Fife 2y HhigE 1Lz (4100 mg/L) ., it
HUBR(610 mg/L)FINEH BK(2950 mg/L)A/K AR B & T2
(8.0 mg/L) ., BEEERR(26.5 mg/L)FIAEHEH FRm(15.0 mg/L)PY,
SEOHRG AR, X5 CAMARA P
FAER—B. I, A 25 5% B8 AR AR B 15 4 24 11 = i
IK AL BB (1ogP o )AH 32, 1ogP o AL, 15 B 1% 40 5T 1 52
AP g e itk UG 1ogP o 4391 -0.13
0.57. 0.8PU, ML FHAbA LK, TR UL VA5 BRI AR A%
B U FE RO B0
222 AR

YRR RS, FER TS T | min,
TR T WIRERE Y, RERRA A%, SIERE K25k
FWRIEMILL, BUEGZ AR . mEdi bk, mkrmk, wEdugRek
B R BE ) BB TR 58.16% . 52.90% ., 48.26%F1 44.31%
(P<0.05), Rk FH PRmRFNDR B i 53 51 FEAIR 25.53%F1 24.61%
(P>0.05). R T A2 5% B8 A0V i T bk b, s T 80l
2 R HE IR R A i R A 2 B MR B R AR Y
JR PR A 2 R, A R MR, PR A
TNAZ TR B B R AIECT T A IR 2 T R R B R R Ak
RARhF, RN N A Bm 25 %(0.09 mPa, 20°C),
oA 2 mE e | i eRmpk . BE bR . PREERE . DRk P

R RIS, o R BRI SO T, T ik e O o v

2k AT R #

20°C R IZES RSB R 6.6x107%, 4x1077, 1.73x1074, 0.15,
3.33x107° mPal®",

F2 6 MRAEFRIEMLZE, HXRY. BERYE., KHR. E2RMEUWZEN=5)

Table 2 Equation of linear regression, calibration curve coefficients, ME, LODs, LOQs, recoveries of 6 kinds of pesticides (n=5)

25 SAEEE RGREGY MEn  LODY LOOY CPAEIACFRSDs) %
(ng/kg) (ng’kg)  10.00 pg/kg  100.00 pg/kg  1000.00 pgrkg
LR Y=744.9475X-2016.4546 0.9991 -53 1.00 3.00 94.03£6.05  97.40+5.75 95.05+3.69
WEHBE  Y=469.6060X+2651.0715 0.9992 110 1.25 5.00 87.59+5.08  105.92+3.52  110.78+3.25
MErEMk  Y=478.1890X+380.6912 0.9999 32 1.25 5.00 97.97£520  112.77+6.43  112.74%5.07
BESE Y=1829.6170X+11523.9047  0.9993 10 0.25 1.00 109.63+4.78  105.00+4.71 107.45+2.08
WREEE  Y=5610.4993X+14121.8002  0.9997 41 0.10 0.50 80.48+5.87  89.50+3.23  102.92+4.41
HEBEFEAME Y=11012.8221X+7166.5104  0.9999 66 0.10 1.00 101.5243.37  113.8544.25  114.58+4.60
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Table 3 Residues of 6 kinds of pesticides in samples during apple puree production and accelerated storage (n=3)

RGP (P BRI 22)/ (ng/ke)

LSLE:N IR

ZWR GE H IR M Aok WE H bk DR i Jrie R ik R B
WIRVR R 397.35+7.57° 558.38+0.20° 569.53+8.31° 285.46+14.87° 311.51£0.09"°  362.21+3.11°
T T 345.51£6.03" 341.36+11.29°  389.78+11.89°  201.24+6.91° 271.24£20.27"  297.45+18.13"
i 144.56+4.56° 190.12+29.31°  201.69+5.35° 94.77+5.86° 204.50+59.78°  221.52+69.39"
L R TR 148.47+2.76° 193.02+£20.69°  207.65+0.84° 97.20+6.49° 228.15+24.86"  271.51+26.76™
Tk 4 d 101.59+9.12¢ 28.37+9.54¢ 117.88+13.9¢ 19.84+4.88¢ 64.83+5.00° 180.31+50.03%¢
s fifi e 8 d 90.10+4.44¢ 17.69+4.79¢ 109.25+5.26¢ 18.31+7.09¢ 9.62+2.64° 170.110.92¢
I fg AR 14 d 55.79+1.36° 5.09+1.56¢ 55.20:0.40° 7.1942.15¢ <0.10 96.33+8.96%
FEfRsh 1260 ¥=0.1438¢ %% ¥=0.1292¢ ****  Y¥=0.1965¢ *%* Y=0.0676¢ '™  Y=0.4107¢ "  Y=0.2649¢ "7
R2 0.9772 0.9281 0.9520 0.8783 0.9618 0.9513
tis 10.50 2.84 7.79 4.05 1.25 9.90

T AR TFRERIRAR AR T2 B85 5% B VR B 22 57 B35 (P<0.05); BEfgsh Ji2e i Rieh, Y AR B, ne/kg, x i, do

223 BRFIBITHR g L s zo
24 ERRMIZEPHMIEF
B4 BT, P B et 90°C A .
#1S min BT ELC A, EICATBIE, 6 izt PF LTIV B dn il LXPREGIRM A, w7

I M RIS R B 5 P0.05). TR T P T AR U AL o R A B R
S SR K S WA AT 6 F A f o0 g (meximum residue limit, MRL) 4 25T, P AL,
TR, ANNA SEVE R A g, 3 o0 W DA AVREGRER LR IO AL . SRR A
FILEAES . AR, AR . ZRmbAmkmy e 0 LSRRI BB 6 #KZ5H) P IR 4,
ptinalurnip e gy 4 TTLATE Y, TR T A o L U o 4 2% B o 1
FIRIRL, EWERBI 6 F 2510 PF 2/ F 1, HLH# 1Y PF
23 FEREMEFERERERDKEEL INTIEVERG P, B80T 0T L5 UM e G 25 5% B Ve i
P R MG I RR R, S4°CE2°C PG 14d. DU FCRFETR 6 AR 26 PF AT 1, Bili% BBk 24
i 3 TTLUA M, I ARE B b, BEREGHRN AN, SRR PRI, FTRESE i T R S k4
REFREAWIE BBV (40 14 d B, 6 FRRZBREIVERE MR RMEAL. RIEIN T2 6 K25 PF BN 0.75,
NG BER K T 73.41%, FAbkGbpeRm . ZmR . w WL SER RN T T LA TR 2G5k R e i,
U M B . DREER | HERERRMZESERIRI SRURIMEGRECE IR PF BUNT |, BB SR RN, A&
ARG R P BN A I & — B SR, VAN ZH0 PF VI, IMEGKEE 14 d S 2R . wEmEE | i
2F AR LA B AR B T A AR 2 % BR MR B S SR LR TR, 5 BEHUPK . BREERE . KR AR PF R 0.38, 0.03, 0.27,
#4391 1050, 2.84, 7.79, 4.05. 1.25. 9.90 d, Hi % 0.07. <LOQ. 0.35, ijd WA is i 8 ] LAAT R B A 25 5% 7
FR VR, TOREEMR e, AR R, WL TR R R R L, ARG AR R
SEETM 2, BRI TR SRR, AREIN TR PR A SHIR, AT BT E
H90.15 mPal?, i HAth e 2576 S R #/ . MOSTAFA 213 ZWERT AL PE, HX NI R g8 KU PEAS AR SR S
(I 5 24 S 3 Y B 2 R T e, BT Z BB R i AR, R, k26 PR ORGSR TR BT M
O SRR B B W T, X S ASESE R B B IR RS TR, TN £ T AR PF RGBS, A AT
K, R AR A e — B AR B 2 2 KR A2,

Fz 4 EFREMIAMEFERBITE 6 RANMIETF

Table 4 Processing factors of the 6 kinds of pesticides during apple puree production and accelerated storage

AbFR 2 AR ZWR 15t W AR WE H Pk DK i Jiie R ik R 2R
THUE 0.87 0.61 0.68 0.70 0.87 0.82
i 0.42 0.56 0.52 0.47 0.75 0.74
L -
E AT 1.03 1.02 1.03 1.03 1.12 1.22
T AF 0.38 0.35 0.36 0.34 0.73 0.75
T A# T 4 d 0.68 0.15 0.57 0.20 0.28 0.66
oS £ K s Ag T 8 d 0.60 0.09 0.53 0.19 0.04 0.63

JmEAfE 14 d 0.38 0.03 0.27 0.07 <LOQ 0.35
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A FE LA B Al ) LA B b fie i D A SE SR R M BIE T X 42,
R LR | WEHGR | BREE | g dUPK . bk R ORI ik
IRMEAE NN T3 R v A AR 2R AR A . SESRIRAS IR 125 3R
XA ZTHR BB AN, AR 25 B HRAL M R 2 e R 25 7R n 1
HBERRITR K . SRR T E U R 255k B R BE R
fik 12.93%~38.87%, 7J BE T4 24 B i BE Fl LogP o A [F]
FE BELRAR AR E IR 24.61%~58.16%, Hi
L2 RERFCEE I, EE TR PR USLRGER
PRV E PR 2 5% BB PEAIR . L IR AP JR A 24 5k B ok
FEmEAG W, H2E 5 R R . INEGER 14 d J5 4K 2558 Bk
JER MRS . SERTeI T 428 6 Fhk 249 PF #/hTF 0.75,
INEAERE 14 d 242600 PF ¥/NT 0.38, AT RITACKSESRE
T e At R T AT SRR AR 2 5% R R . WIS 11
PF a] JHF 0 32 SR e in 1K £ gk 7 R 25 5% B K, Ry
ML A RS PEAG TR UMK SR, AIF R RTI A2
#E RS TR A ZR, 1T DR AT RUBS PPAl 25 S A o 1 -

SE 3
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