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QuEChERS-UPLC-MS/MS iEMEERRERBHIHNEETEZ

HER, KEW,
(PEREKFRBHELEAIRER

BRRFm I IR TS LF 100083)

WE ARG ETFR—Frbeik A LRELIFO/RN Tk A TR ERRERB PR FTEEL(PAT), PAT 20
BEFEFAGALARZRL , EAHY E SRS AAEEMPEEERE LT, Rl a2 TAE PAT 5 424519
B, AIHHAMNF AN RERREAELETE, BALMN T RBEL L ENRAANEANNRER, AFREA
QuEChERS 42 B R 45 448 3 20R AR €78 — B B 3% (UPLC-MS/MS) H R, AL BUA A (TIE ) | 347 7] (LR ARER 424 2
A ) Ao B AN (1% TR R ) 093, AR S e ZHUE BT RAC R FeiR 4D S, H1E T R E A
(BEH C18)Fodf BBt F ik FRIER T A RA 04 ngks, TFMRA 0.8 noke, LA 0.1~12.5 pg/L F7 3.2~
400 wg/L, #8 % 2 R*3H KT 0.999, B Afe B B4 5 E oA A7 E 4R £ 380 T 5.5%, mAreDIC R 2 98% VA L & A% 7 ik
Ay B RAF, 4R AW, QUEChERS-UPLC-MS/MS 7 i T A 2k A ] 3 R B 3 R 49 PAT, REE A r i &
Iy H e KRB ety PAT 75 A2 R RBEHR R L RSN PR LINF R M TP 9B A T REFZFEIRT PAT &%, A9
BB PAT A ERMR ., ARTH—FIRITREAIMTE PAT AWM AL ELERS AR WA,

kg REEE; FEM; QuECKhERS; ZHiuztaé ik, ik
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MBURETE, A ERE Al HLURTI R B A A
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PAT HYEFE Bk H BRI 2 B BE N 0.4 pg/kg
bw/d“,
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T3, TR G FZ R ER A
Bz SECRI P A FAERE R B i 2 R XU,
BRI JOAER . TR . 2 b ks I L
PAT {5453k 415,49,277,194,40 pg/kg, HAEE
TR S 5 YU H ™ B PAT T3k 19 622 pe/ke®,
VAL B A LR 5125 (Codex  alimentarius com-
mission, CAC) FLAE PR & (<50 pgrkg)®, M Y
PAT 15 % 5] 7] B 1 BT TE 1) fE B XU

e PAT AN Ty i 32 LM — IR AE i 7
M A B (Liquid-liquid extraction and  solid
phase extraction), 2R & 1 f8 15 F 5T 3% 42 AR A
el B AR 3k L 7 AR RO AR M T AR
—E VI (HRATAAAEARAE 2 B KA HLIE
FIHEFEE KA RIFR:, QuEChERS(Quick, easy,
cheap, effective, rugged, safe) Jyikfg—fpRtT
BT 53 FC A 73 HEC T A6 2 JBCF) PR A o T Ak B
A, PR T A R B | R0 oo 22 A P B i
BRI TR TR 2GR B AN A
LT BE R ARG SR X6 3 SRR SR o
PAT ) QuEChERS il 772 1 AR A5 3 7843 LA A
Kk,

AWFFEE AR IO . ERATR RN i
AR LA S BB IR AR 250, s —FadE T
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SESRFISE SR R PAT A PR | R | R A H R
JEUF BRI Ty v | b — A B A I RCR A R A
DA Ry K SR K SR PAT B 5050 0 s B 3t
HAR L,

1 MRS FE
1.1 #R5EF

BRI AR B ) I SE T S T
(F B G ), PAT Fil BC,—PAT [A] 7 & N #5 (>
99%) , 75 & W H I AR M) TAEA IR 7 K B R
B (MgS0,) FAL B (NaCl) , Z R4 (CH;COONa)
FEER BN (CsHsNayO,) TR 2l — #M (CeHeNayO; -
1.5H,0) . LFR 41 (Ethyl acetate, EA)$2) Ry 43 M4k
9%, EZERLFERARAF; L5 (Acetoni-
trile, ACN) (43Hr&lidt ) , g 2R A0 A R 2
Al O (BEAEgR ) , 95 E LR C I RBHE A FRA
A ; L8 (Acetic acid, AA) (TaiE4ligk), g2 e
MRAALBHE A BRA A 5 SR W AR IR BN (B2 ) , i b5
BRI T AT B B AR (B ), H IR R T
PEAAEA B R B (B ), R st e i
A BN Fl s Mycosep™ 228 i 25 £ B AH L FE
(5 mL), VAR 0 A5 RS 7 5 I 4tk (5
By — oK) Milli-Q Bt KB4
12 UEHIEHE

ACQUITY T1-CLASS # = % i A 3% 4% -
Xevo TQ-S —H PUMATFIEAY [FlA B mi% &+
U8 (ESI) K Masslynx 4.1 Z¥aab PR 58], L H IR
FEft /A 7] ACQUITY UPLC HSS T3 4% (1.8
pm,2.1 mmx100 mm) . ACQUITY UPLC BEH C18
A (1.7 pm, 2.1 mmx100 mm) , 35 [ 9K S
H); NM32LA ﬁ%?’ii%ﬁ, JL[E Peak Scientific 2%
Al ; VORTEX-5 B & #%, 181 AR DRSS
il v A BN 7, KQ-500E #7 i vebl, Bl
AR BR AT ; UGC-12WF /KIS E AN, Jb
e B AR A BRAS 7 s CR2IGIIT 3 3 A 1 0
ML, BAS B ST AW JYL-CO10 BHFHL, SR B A
BRZN 7] ; DHG-9240A 85 X T4, IR 22 50 e
WA PR A 0-35 BEETETE, b iam A [
WA,
1.3 Fik
1.3.1 k& % ACQUITY UPLC®

BEH C18 {4i%4 (2.1 mmx100 mm, 1.7 pwm) ; HEFE
1 L AR 40 G sl . A AHRK B A S
T 0.40 mL/min; YEBLAR A . 0~2 min (1%~15%
B #H),2~4 min(15%~20% B #H),4~6 min(1% B
),

132 FUEAM B, BB R (Elec-
tron spray ionization, ESI); FIHfitEl, 2 F4H
R ERI 2 K WM (Multiple reaction mon-
itoring, MRM) ; B 414 HL 1K . —2.4 kV 3 BV 71 <R
JE :550 °C 5 75 1) U0 - 900 L #fE LI ik
150 L/h; SEIEAGI 454 W26 1,

Fz1 PAT NI BE &4
Table 1 Mass spectrometry conditions for PAT detection

a4 BIHAZX HBF(mk) TEF(mh)
PAT ESI 153 109*#/81
3C,~PAT ESI- 160 115%/86

TE o AERE T,

1.3.3  PAT brufEf & m2 ] R NARESE T8
BT, MEFIFRI 0.0010 ¢ PAT FRifl i H 205 €
A% 10 mL, Fofil BT E MR A 100 mg/L (1 PAT #5
HERA SR, R FHIZR A B0 T3 i, BC A [m] o £
e BE Y B E S I 43 ) R 400,200, 100, 50,25,
12.5,6.25,3.125 we/L, BLAHPLES, #ERMMALEL 0.2
ml, BC,—PAT [R5 (25 mg/L) H I E R E
1 mL, Bo 1 BB A 5 mg/L f) PC,—PAT [al i £
WER TAER, 5 BC,—PAT [ 2 bR TAE
W RREAT, AR °C—PAT [l %
N R o B I 2 100 we/L, AR HE R 0.22
pm R IS, AARERE SO 1T UPLC-
MS/MS Rl DAAR HE TAE £ 0 vk 5 o A AR i
(x), UL PAT f) 0 i AR EE (PAT (1) 0 1] BL/°C,—PAT
AR Y T AR S AR B (y) , AR E T AR 4
FILEMEADC R B R IEM R e 2R, biERZ Ny
= 0.8744x+4.0970, R>=0.9992

1.3.4  FESL R AT ADBE KRG RS SRR S U
F R FH VB 3 emx3 em /NE FHEHEALR
e,

SESLIHAE A R SRR R RBRIE AL, &
¥, VI 4 e, FREUK 1200 g, im#tGh e g imA
AV 1000 g, FEABrFERE F b o8 20,
W HEAR R BE TR B 27 °Be I 4 g FE TR R4N
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(BME),7.5 g PR (B Gh 40 , I HIE i
JIA 1000 g SEREe /N 1 h, 2RI
B R BB B TR 3] 24 ©Bé,, W5 A ) 58 A0 S B
BB ROTIR I 24 b, £ SRR TR K
SERYUE T T EAE A L, 7E 70 CRIHK
T, TE 24 h, RH B, BERIEVIAL 1 emx
1 em FI/NER B TRBAR I AR AR BT RN
P AR RRIRG , FrR A T e, R
B

HERRFREL 1.00 g B A% AR AL T 50 mL R
WSO A 40 pl. 5 mg/L PAT bR TAEW
120 pL. 5 mg/L 4 “C,—PAT [F4 2 N Apbrifi T
YEW ., SRIGFERES PN 10 mL 4K, WRE 1
min, FINA 10 mL ZJE , W€ 1 min, Bl)5 , TER R
A 4 ¢ MgSO,,1 g NaCl, #JiE 2 min, T 4 °C,
10 000xg T 5.0 10 min, WAL FIEW %
TR 228 ZIfgd bt , AP 1 mL F ik
T, IR SR S5, B S mL Ak iR, 1E 40 CF
AR, H 0.5 mL WG S AH I, IR HE 2 min
FEAYAR T 0.22 um JE R IERE B AR A TR AH
/N, B UPLC-MS/MS A&

P (D) RS PAT B & & 3145 5
TRER 3 A B

X =25y (1

m

AP X CBRES T PAT B9 & pg/kg;p N
Pt M 2 H 55 AR i AR S SR IO P PAT 1) & &t
pe/Ls V N ERZEART, mLym A PRAE
g5/ M BEATEL
135 Jrkseib e JrikEe e R 2 d 7 ik
HR K B 25 51 45 SANTE/11312/2021 46 F #F 4755
JE, A FEAS H PR (Limit of detection, LOD) | & & R
(Limit of quantification, LOQ) K5 %5 &  MEHM B A1
LAEIE R,
1351 REE  Jrkry ZRE0E L LoD Fil LOQ
HEA I LOD 2R YA B 5 ACE T, i )y
ERE A DAAE Sl HRGr I 21 s 0 2 3 1) e /)t e/ )
WeRE, RIREAE W e B b sl 2H 43 1) 2 30k B
SR T F RS . LOQ WIFEHE & rh 4
AERCE I AR AR . AAF50R ] UHPLC-MS/
MS J7i% , il 2 {5 M EE (Signal to noise ratio,S/N)

Wi LOD 1 LOQ, HAKRLL 3 4% S/N X i 1k Ji
9 LOD, LA 10 3% SIN X J37 B9 B2 >k LOQU,

R B — Z2 FIAR MR 3 () PAT 356 J5i¢ DT i b v 725
W, Ay WIS INAEfE PC—PAT ARl TR fdi ik i
4100 wg/L, A UHPLC-MS/MS &%, % H N ¥
YA T E R i MassLynx 4.1 3k, 38715 SIN 1t
18, FFH BN 3 45%HF 10 455 SIN HAE G PAT #k
B, SPATIE 3k, mABCEBMEE S LOD F
LOQ F#fE HcHiE
1.3.52 KB OKH A INE R E
AT, XF R — e kAT 22 il iy 25 R 51
P ) i 2 R B ) B R AR, AEARAIE ST o
T AT PEAG I ST AR R SR EC TR L
o 3 AR BE AR ARE S, IR A3 T H R
T H DR % A, SR FHABXTARIE R 2 (Rela-
tive standard deviation, RSD)AE JkE & 00 B &
H RS 2% B Sl e 1 d SR ] S T A
D7 R 58 I, BT B S BB 3 h 1R 1 9k 3
HEAT 6 YRIMAE (n=6) . H [HDRG %5 FE 100 ) 2 i 7F
26 d WAYAR TR ] B AT 1 REERED 2 | ]
FERAHE T 6 IR (n=6) , ILIREE BTG A
[ H I AT R AR A il e 4518 T, O ik i e M AN
HEME.,
1.3.53 ERGREE MERREE RISTE—ESAHT 2
O WF 8 5 LS Z AT R B, R
3 [ st s R B HERR MRS I AN B
PAT B3P RIS 28 AR, 430l A i &
PAT FRUEAVR , (AR S PAT (9 BEIE 20k 3 34 5]
10,50,250 pgrkg, X —WEEL I AYLERE B IEE i
SEBREE S T AE S IR PAT Y, LA 4 T PEAS
Dy ik MERATE BRI T 3 IREE W, LA
PRES IR AT SR, R NARIE A T 5504,
IR JEE o3 DA B R B AT IR AC o
1.3.54 LM etk BUR AL 4 e
AR RO, 48 IR E R
DX Ji) , AR DX B P, 3 7 [ B 2 o 2 A
BRI PR R BRI, DL E AR A e T ) e
0 PRl e TR M 2k BEYE T, Bl 1 000 mg/L
PAT KIEIRAE N B, SR FH % A6 R 1 7 i T il
400,200,100,50,25,12.5,6.4,3.2,1.6,0.8,0.4,
0.2,0.1 pg/L B RFUBRIER I, BEAHEE 550017 3
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YOPATINGE R ARSI T i RIS 8 ¢ EST IR 5B 1 (ESI)REHEA T B S0 T3

HEATERAE R T E PAT B9ZR Mk B 3
Fil,
1.4 HELIE

RIS ZE R DL BE AR R 2 " R, AT I
R 3 K, KR GraphPad Prism 8 1EE] 50
K4 % FH IBM SPSS 22 B4 X Hidf kA7 B R 2%
T 2250, Tl JE 7 25 IR RNE S AR R i
K HH Tukey WA TAEE . 5 P<0.05, MITA A G 414
WA fE B E X  FFER P UARIFREFRR

2 HRESH

2.1 A EEL
2.1.1  JRIESAMAAL  EFXT PAT B4 #9451 | 1k

100

o
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

ESIHREC ARt A B TR ARAE & 3 BT b ™= A=
HocfR s el BB T, B A iy e A R
B T PR BN 500 we/L A PAT K H:[H]
NRFRICYI A BC-PAT MIARERTR, IR i gt
SNSRI B IS SGH T AT, DA A
KBTI {5 me i oy B s % B S 80 ik,
ALHG BN T AT R A FL RS

SEH R PAT 1 BC—PAT 1E m/z 153 Fl m/z
160 Ab 77 51] Ji& IS Fe KRR I [N 58 BE . PAT /9 40+
RN CHO,, HoREHH 2> T it N 154.0266 u, £
BT ,mlz 153 XFh PAT K% 1 D& T
(HOYIERM-H] 5 F 2 F U, C-PAT J& PAT 11y
[ ZEhRicd, Hod 7 AN 4% C° [R) 7 2 B ik

—
o}
108.7373 = o

1: Daughters of 153ES-
6.13e6

=

< 1.012

I P 81.0128

N

3] 108.4600
® =

=
# 2

=1 OH
M 3
3 £ 108.9452 o _—

5 o

3

- 109.1532 Z~¢

80.52
81.2000
52.9428 80389 109.2918
124.9566
s 523 2200 82.7455 106.657
9 64.6558 789348 g}g 2307 125.16‘1;5 0764 ::; 322
' = 95,0805 22 112.6188 2
|

105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200

HTFIE
Ion abundance/%

100

{4 B4 FsF ]
Time/min

(a)PAT

2: Daughters of 160ES-
o 2.52e6
|

—"3CH, 1304 H
1 2 H
H’(I: T/ uc:“c\
| Bc=o0
B0 2P0~ e N
H e
E

1
\:(l;, \ »

160.0301

70.2005
84.9635

§S.1417

114.7675

160.2380

ol |
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200

{4 B4 FsF ]
Time/min
(b)BC~PAT
1 PAT 70 ®C~-PAT B &

Fig.1 Mass spectrogram of PAT and “C,—PAT
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(BCHq0,), HoK 4>+ i 0 161.0501 u,m/z
160 [FFEXT R “Co—PAT 2k 2 1 A& F (HY) JE AL
1 [M-H[7rF =1, K, m/iz 153 Fl m/z 160
B2 PAT Fl PC—PAT fHEES 1,

H—, RHFEFAMHBEL (Daughter-
scan ) M € H FE = AEEME i, E 1
FIER  mlz 153 Fl mlz 160 BHEES 7R R % N
RS TRER T ,mliz 153 B EEER B T8 m/z
109 Fl m/z 81,mlz 160 B £ ZWE R B F R m/z
115 1 m/z 86,5 Desmarchelier 252 & A PAT
1 BC—PAT [ EZLRE R B F—3, PAT BT
BB TG R 9 75 I8 P R AR T g
R AW T B, BARGLEE PAT ISR Y BT 4K
B mlz 109 WE R, LA PN T A R0 R g A () 2 [] 17
ZpEr mlz 86 WEF (I 1a), ALK, PC,—PAT W

SN 5 PAT —2 (&l 1b), FAK PAT Hl °Co-
PAT BB I S5 1 iR,
2.1.2 WRAHZAEOUAL R I R BN A i
ZRIEATHE, SR AR X 32 RS A i gk
FTRTALER, PAT AR L 100 petkg, PAT )i
TSR SR AL G, WGERE T 2 Rl AR
TSN BRI TIRGE, 7008 Acquity U-
PLC HSS T3 {4i%#E Al Acquity UPLC BEH C18
A . HSS T3 (3% b PR H: 5 5 B A I A
(High stength silica, HSS), 7EfIk pH {E&F T2
EVETLAE, SRR R BN P AL A
BRI AR B E T BEH C18 434k S T4
P B ik &9, BAE pH 1~12 Z A {4 4F
TSR E P2,
Kl 2 FIE 3 4r 3R T HSS T3 il BEH C18

A100_T3 MRM of 4 Channels ES-
100 257 153 > 109 (PAT)
| 6.03e4
‘ 2122
0 oo 10 im0 200 | 28 3.00 350 400 450 5.00 550 6.00
A100_T3 MRM of 4 Channels ES-
00, 257 160 > 115 (13C7-PAT)
| 1.29e5
b
S
N
2
=
im g
> i
E g 0
Z L ow 0.50 1.00 150 2,00 250 3.00 350 4.00 450 5.00 5,50 6.00
2. F100_T3 MRM of 4 Channels ES-
51 100 2.59 153 > 109 (PAT)
~ | 4.68¢4
c
0.54 160 17
017 036, ore "Rras U AT 016 2441|504 519508 395361371 391 4igaaraso 485 gysm smg 595
-0.00 0.50 1.00 150 200 250 3.00 350 400 450 5.00 550 6.00
F100_T3 MRM of 4 Channels ES-
100 258 160 > 115 (13C7-PAT)
1.51e5
d
0
-0.00 050 100 150 2,00 250 3.00 350 4.00 450 500 550 6.00
PR BRI R]
Time/min
. e - ,
TEa Ml b WAEIREET s ¢ I d RS SUIMAE
B2 HSS T3 BikHMERMERMERTD PAT 1 “C-PAT KIS BEHESR
Fig.2 Separation of PAT and "C,—~PAT in apple and dried apple samples by HSS T3 column
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XS SR NS RE S PAT A PC,—PAT 1 {633
IYESTENL . 45 HSS T3 ik A b PAT I
BC,~PAT BYAE B B[ 484, o 2.5 min, T BEH
CI8 (i FE N 2.2 min, XAJHERZH A HSS T3
TERAEAL T FL KA, XML A A
(R EERE ST . BSR HSS T3 #l BEH C18 {aiftidy
AE S I I I XS B (SR, {H HSS T3 (54
TESF SRS IR RE S 6 PAT A9 43 B RO A
R LA, M2 F,BEH C18 ik EhE
T Hb A B PAT AT 2%, B /b T gk &
Tl Ze AL (8 3), PILiESE BEH C18 it
PR IR SEHY RE HERF 9T

iE—27F BEH C18 i ihoxd B B Ve i 4%

AT AL, 8 e 19%~100% 2. )i (B #H ) 6 B2
TR AR LY %M BEASREAA R 2 PAT 2%,
3 PAT WP R B4 G 2 JF H PAT H 04[]
Sk 1.64 min, H A HS (148 B, 2 BH I 20 AH 1 15 528
1B RIIRZE T 2 HeAp) B Tt i R 0D T
BIAHVEESRE TG 5E T PAT 78 (i Ak b il £
B LA S S 2 o B RCR . SA ) HBORE 2 4 D
1.3.2 797 FESL TR A A5 T PAT 1 H Wi ) 4iE 5
%223 min([&] 4), SH0 T LR B FIAS K A 15 e
te, SHE(EMEEEFERE M REEER
B AE Y (GB 5009.185—2016) J5 B AH 1L, % 7 1
BEAE FH S SR A SR &, 43 B st ) R Rk L
o BRI [E]8 /0 T 53.49%11,

A100_C18 MRM of 4 Channels ES-
100 223 1563 > 109 (PAT)
1.02e6
a
|
|
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
A100_C18 MRM of 4 Channels ES-
100 223 160 > 115 (13C7-PAT)
[ 1.33¢5
b \
|
= |
=
5}
=
= 0 . .
u > -0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
= o
= g F100_C18 MRM of 4 Channels ES-
= g 100 223 153 > 109 (PAT)
2 | 8.80e5
3
==} Y
|
|
0 4 T T
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
F100_C18 MRM of 4 Channels ES-
100 224 160 > 115 (13C7-PAT)
1.09e5
|
|
d
0 T T
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
PR ER B[]
Time/min

Ha Al b RERAE R e A d SRR
3 BEH C18 faif i3t RMER RS PAT 1 “C-PAT FH B 1ER

Fig.3

Separation of PAT and “C,~PAT in apple and dried apple samples on BEH C18 column
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AO MRM of 4 Channels ES-
184 153> 109 (PAT)
100 a | 1.24¢5
|
M
‘\
‘ 12 ) 44
002 069 oo™ 13 | 1mam 2% 2mae s’ 34304 9% 406 429 4 3 4% 53 57
0o ,.,\Vﬂ.v‘ﬂw.mn,m v?vws‘».m.‘n‘ ‘/'\l\’\‘/“-/‘"'*C”l'."l‘/\"’/w‘-\v"f’\‘ﬂ\""ﬂ'«»’\,\*'t/\‘V‘k‘f«“"\f\"' VoA At -”‘ o N.AMM»\.n«,w;‘»m,wa‘,w& JUETAY SN
-0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00 5.50 6.00
FO MRM of 4 Channels ES-
0 164 153> 109 (PAT)
| 9.13e4
b
8 026 37052068085 114149 0 L7103 212 232% 267 280 318 344 a67389397400428%%° 452, a1 533
S e R RO LI K e it o e Aot AR SBEE, 581582
mE 0w 0% 100 150 200 350 400 450 500 550 600
& & A100_C18 MRM of 4 Channels ES-
= 2 223 153> 109 (PAT)
g 10 ‘
g \ 1.02¢6
7 C ‘
]
[~ }‘
|
|
0 e — . . . . —
-0.00 050 100 150 2,00 250 3.00 350 400 450 500 550 6.00
F100_C18 MRM of 4 Channels ES-
10 223 153> 109 (PAT)
| 8.80e5
d |
|
‘x
0+ T = - T T T T
-0.00 050 100 150 200 250 3.00 350 400 450 500 550 6.00
LR BA e a]
Time/min

T a A b 2B PEACHT PAT A 32 SR S AR 5 0 A1 d 23500 PEALJG PAT RSE SR S A AU
B4 BEXRRFHENERMERMBHERD PAT 2EZMN

Fig4 Effect of gradient elution conditions on PAT separation in apple and dried apple samples

2.2 REFZEMMK

AR QuEChERS 2l AR, BEMAIL
SESFSELL A P PAT (2 BGS 2, M F1E Sk
B A, QUEChERS DI HARIERIME | BAITEE 5
e SO AU T D TR S A
AL R R &, R85 TR Sl e, &
Wi 5T EESE , QuEChERS % RAE# & HArfb &
P 1) 1m0 i 2 3 R O T B AT 2 A
QuEChERS J7ik M0 2 BRAHE 2 A~ F 2R .
B, B TR B EKE SEHUZ ()

HIAE R, FEHE K E A HLZ 2 18] i A 5 H
WK, 38 AT [E AR A O BRI FH 22 FLIB R 70008 B
H BT, DASE i 4 BT 0 e S M R R U
FEFJFAR Y QUEChERS vk T T okt , LLE
SESR AR T PAT M 3RIUHT K, AR SRR
AR 200 perkg BY7KF- R, LL PAT BRI (%)
YERTEBHR AR , KT HE U Fhp 7 LR SR 5 ik
rBoT ki,

22,1 REUAFIMERE  PAT ML &H AR
FE RN AN N ERER , HAERRMEIREE T 2 MR | ini
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TERRPEFREE T WA RS AE o Pt ZEANE 92 iy
WEEDL T, B SN 1% Bk 7 SR BUA R )
pH {H, LAMSSE PAT MIZ5MRcoEtk, B, L
EVE A IRIGAR], M52 QUEChERS ik di i
FHRSREGH, I HAEM FH g VR AR BG4
(19 55 B PE P AH X A e Ah Sk T N
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Determination of Patulin in Apples and Dried Apple by QuEChERS Combined
with Ultra—Performance Liquid Chromatography—Tandem Mass Spectrometry

LIN Mengyi, ZHANG Guoqging, ZHU Yuchen, CHEN Fang
(National Engineering Research Center for Fruit and Vegetable Processing, College of Food Science
and Nuiritional Engineering, China Agriculiural University, Beijing 100083)

Abstract This study aims to develop a rapid, accurate, and environmentally friendly detection method for patulin
(PAT) in apples and apple products. PAT, a mycotoxin produced by Penicillium expansum, poses significant health
risks, including teratogenicity, carcinogenicity, immunotoxicity, neurotoxicity, and genotoxicity. Given the potential for
PAT contamination during apple product processing, establishing an efficient detection method is crucial for food safety.
Traditional methods are complex, time—consuming, and involve high consumption of organic solvents. In this study, the
QuEChERS extraction combined with ultra—performance liquid chromatography—tandem mass spectrometry (UPLC-MS/MS)
was aolopted, to optimise the selection of extraction solvent (acetonitrile), salting—out agents (anhydrous magnesium sul-
fate and sodium chloride), and reconstitution solvent (1% acetonitrile in water), thereby enhancing detection efficiency
and sensitivity. The optimal chromatographic conditions were determined using a BEH C18 column with gradient elution.
Method validation revealed a limit of detection of 0.4 pg/kg, a limit of quantification of 0.8 pg/kg, and linear ranges of
0.1-12.5 pg/l. and 3.2-400 pg/l., with correlation coefficients (R*) exceeding 0.999. The intraday and interday precision,
expressed as relative standard deviation, was less than 5.5%, and the recovery rates were above 98%, indicating good
accuracy and precision. The results demonstrate that the QuEChERS-UPLC-MS/MS method effectively detects PAT in ap-
ples and apple products with high sensitivity and accuracy, and it can be applied to control PAT contamination in other
fruit products. Additionally, the study found that the sugar—boiling step in apple product processing significantly reduced
PAT levels, suggesting that high—temperature treatment plays an important role in PAT degradation. Future research could
further explore the impact of different processing conditions on PAT levels and the application of this method in other
food matrices.

Keywords patulin; dried apple; QuEChERS; high—performance liquid chromatography; mass spectrometry



