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W E: BEY @7 QuEChERS-HE = 0B (315~ B IR T i vk ] e il g U SR ey 20 PP LS BE 28 3 ik i 40 HT ik
Bk RS IRER KT RS, GGV RORE R, SRR RIS, I Cis WAL . (it
i ACQUITY BEH C 5 #:(100 mmx2.1 mm, 1.7 pm), Lk 0.05% FF R /K I AN 2056 S v sh AR B2 Ve, 76 BE %%
BFUEIE . SO, SR Z SO M TR I, SR T . SRR AR Y
JEFEIEIN, 20 FPECE 8 R R RIFLRIESC R, M REOY KT 0.992, K HBRAE R34 0.03~2.25 pg/kg
H10.11~7.50 pg/kg, TEARFEZEBHMAM ., o & 3 DWIAE, SEEIbR ENERY 77.5%~114.9%, AHXTHRIE
ZEH 1.0%~6.5% (n=6). &&i& AJrikfae . weff. RE Yo, G T AR RS 2R B R R AR
SRS AN 43 BT R TIE
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Simultaneous determination of 20 kinds of mycotoxins in nuts by
QuEChERS-ultra performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 20 kinds of mycotoxins in
different nuts by ultra performance liquid chromatography-tandem mass spectrometry combined with QuEChERS
extraction. Methods After homogenization, the nut samples were ultrasonic extracted by acetonitrile solution after
diluted with water, salted out with sodium chloride and anhydrous ammonium sulphate, and purified with Cg
adsorbent. An ACQUITY BEH C;3 column (100 mmx2.1 mm, 1.7 um) was used, with 0.05% formic acid aqueous
solution-acetonitrile as mobile phase for gradient elution. In the electrospray ionization positive and negative ion

switching scanning mode, the samples were analyzed by multiple reaction monitoring and quantified by external
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standard method. Results All the 20 kinds of mycotoxins showed good linear relationships in their respective mass

concentration ranges, and the correlation coefficients were greater than 0.992. The limits of detection and limits of

quantification were 0.03-2.25 pg/kg and 0.11-7.50 pg/kg, respectively. The average recoveries of 20 kinds of

mycotoxins in different matrices at low, medium and high spiked levels were ranged from 77.5%—114.9% (n=6), with

relative standard deviations in the range of 1.0%-6.5%. Conclusion This method is stable, accurate, sensitive and

rapid, and suitable for the rapid detection and analysis of multi-mycotoxins in different nut substrates.

KEY WORDS: QuEChERS; ultra performance liquid chromatography-tandem mass spectrometry; mycotoxins; nuts

0 51 &

KEARARLEFFE, BIHAE ZRATH, it
FETR 10%, B @Ak, . M. JRoR
S, B S AN TERSY BRI . RIS AT RETE AR,
LA IRV 0 00 570 IR, | MR 3 | Il AR P LA B Tl
BRI 2 mAME Y, 2l R H IR, 2RI, R
BAARK LA SR G B fR D, 76 B iR
KM T Z IR BRI Y, B2 (Penicillium sp.). 1%
J& (Aspergillus sp.). W J1 & & (Fusarium sp.). A& /TR
(Alternaria sp.)y%5 F 5 R RS FERIEHD Y, f
W Z) MR B2 B, 2SR RISH A . BB
BB GACE Y, A0 2 A a2 E 1Y 2 R0 R ik
n] ;=4 # i 85 85 2 (aflatoxin, AFs) . i## il 55 7 & (ochratoxin,
OTs). JBH 5 X (patuline, PAT). 1% % & (citrinine, CIT)
FEZMER, MAWBEWEA A RmASHETSER
(trichothecene toxin), #4110 J& FL 1A Al ™~ A BEAR f B 2
(Alternaria toxin)%E7 ) s sedy ZA Z AT EENE . AR
JRBEE . B . BUm S SRR, AT AR E R,
25 NS At B i B R i 3 R e A B

KTHRERERNGEE, FEZEZMIM S E T H
N R AR E, XTI AFs XREER R, K25

Filil & B9 i 258 & B, (aflatoxin B, AFB))fE# K 5 ng/ke,

AFB, 5# %3 % B, (aflatoxin B,, AFB,). T #HER
G, (aflatoxin G, AFG,) . #{ i & # K G, (aflatoxin G, AFG,)
RREE R 10 B0 20 pg/kg; WO MLE EHE IR R,
AFB, [R&1{H 4 2 ng/kg, AFB, 5 AFB,. AFG,. AFG, i
PR R 4 pglkg, S eEAC A R AFB, BREH
45 ug/kg, AFB, 5 AFB, . AFG, .AFG, ¥ & fR 4 10 pug/kg;
AN RN R 7 i B R B LG B B Sl A, R
FHHLE TR LR AFB, RSN 1 pg/ke, 7% Huilk
HMER{. HBF. Bkt AFB, 5 AFB,. AFG,. AFG, /)
SRR 3 ngkg!". BEAN, A3 B R K IR B
(zearalenone, ZEN)ilE T BRIEARME, 5022 HE R
ZEN [RiE/ 1000 pg/kg, WEJET . B FIFLE B a6 5
9 ZEN BREM518 1000 F1 200 pg/ke!™. FREALE NY/T
1042—2014 (SR i bl B ) il B SR L H IR~ AFB,

/N FET 5.0 ngke, MFE GB 2761—2017 { & hh &4
ERbrE S ERERRE) B, S TR IR R &
FE(EA: B LA BRSMH AFB, BREEH 5 pg/ke.

FEXT FLTR B R AR AR IR R B, T HORm s
T2 B B K JRAS B R e 3, WA B B e HEAG A R B
FEARHE R, R o A 6, R OB
L AR ISR SN B A AR, LHS
TR AR, oA IR 2B B ) R hr i R . e
Wk, C 2K R R R B0 P 35 2Rl el i A AT 4 1 e M e
MM CUNHA 2830k T QUECHhERS FiTZbFEE: A,
PIRE A A AR IR, Sy T = O A 03 - R I BT 3 vk
(ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) & & rf 16 FIEHRHFEE N
WioriE, BB 1.25~500 pgkg JEHENAXEREKT
0.9787, K HiFR(limits of detection, LODs)¥J/NF 3.5 pg/kg.
HIDALGO-RUIZ % UV [R] #% 3k 4% 46 4 1E A&, LU
QuEChERS FiAbHEE; AR5 A UPLC-MS/MS #57 T IR R 6
FhECRREE R MR ik, Hob 4 B AFs 092 2R (limits of
quantification, LOQs)#J4 0.5 ug/kg, o- T KRB BE AN T K
FREFI LOQs A 1 pg/kg, OUAKHSSASE 4RO F
QuEChERS FiZb¥4E AR, i LC-MS/MS X4~ H AFs i
FIE, BFFERE 012520 gkg WEINEM X R R,
LOQs 4 0.34~0.5 pg/kg. [FEN¥H T EHFECIH KR
R, R 10 mmol/L #rE MR - £ Il v W M $R R, LA
QuEChERS-UPLC-MS/MS #3717 THRH 16 FHEFEFHEN
ME T, BRERE 1~200 g/l JEENMHERERT
0.9981, LODs 2 0.02~1.00 pg/L, LOQs 7 0.10~5.00 pg/L.
TAUNEC B A EhAR | AT RIS R A, SR
[R {37 2 AR-UPLC-MS/MS STACE R 16 R s 200 T
%€, LODs 1 LOQs 439l 0.10~15, 0.30~45 pg/kg.

BT RERRFE LR, FRENE S, iR
ZHBAEA S E AR T R IR h 24 5 IR
ERAM T, bR AR A B, B
HirdE R LN AFs. OTs. Hunftl@G G RESY . ARl
R WA, IRV, HAREFIR. X5
TR RIS A S B AT, Z2ZMER5
PeRBAE XK R . I, ARBHFFE45AFIH QUECHhERS Hij
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IR AR A UPLC-MS/MS B, FEf % LAESCHk A
KB HTERARE . S A O i SR B2
A i i 25 1k, BT 6 Rl IRILR, L 20
TR AR E M, DRI AL R
L5y R 75 Gl RS FIYR A IR AT B LB AR S 45

1 MR5REE

1.1 #R5IRF

RIS B LSRR ST, M) T—20°CLRAF

20 FhILIE T RARME AR LR 1 (BRI A R B
FRUESh SR KT 98%, HAWITIATE RARMER IR W2 1,
Jeat @A EYIRHE A RS ), ACQUITY BEH Cig a3
F:(100 mm x2.1 mm, 1.7 pm). ACQUITY HSS T3 {44}
(100 mmx2.1 mm, 1.8 pm), ACQUITY BEH HILIC &%
(100 mmx2.1 mm, 1.7 pm)(3EE Waters 2 rl); +/\ bk
Pi B A BE S (Crs, 60 pm) . & e -N-T9 FE i e 0 BE G
(primary secondary amine, PSA, 60 um) ., 5% 5% H it 1
(Florisil® PR, FL-PR, 100 H). /K ¥HE 05544 S
0k} (hydrophilic lipophilic balance, HLB, 30 pm)( H 7% &t
AN, AL B R JE, 13 mmx0.22 pm, Jb5UHA DR
FARAFA), 2. g, WE(@E4l, £E Thermo
Fisher Scientific A #]); W% . NaCl, Jo/K Na,SO,. Jo/K
MgSOy. JC/K (NH.),SO4(4 T4k, 12 supk A AL R AT B
SAHED); ER(EEERT 99.9%, bt EA bk Tl AR
oNED); SEIR K A AK (R BEEE AT 18.2 MQem, H
Milli-Q LK ML)
12 UBEE5EF

ACQUITY UPLC I-Class JEAHETEL . Xevo TQ-S T
AL (B ESI M Masslynx4.1 g b PR 45, 32 [E Waters
AAD); Milli-Q ik #HL(EEE Millipore 24 /]); GL-20G-11
T A VR B O AL I SR AR ), BSA224S-CW
R F R (Jk i 0.1 mg, £ Sartorius 2 F]); PL2002 %
L1 ROF- (%4 0.01 g). FE20 BIS2H0 %8 pH (5 |- Mettler
Toledo A F]); KQ-600DB #4755 1 1 (B 1L il 7= i AY
A BRZF]); RE-2000B #4jEHE 78 S AN (it W 2R A AU #R
J7); ZD-85 ISR E IR G & (B M E AR A2 A BR A DD,
QL-8BB R TE TR A i (8 1) T3 HLAR DL IR A ) 1 A B 2
ri]); BI-500A BUB RIS FEAN LA PR H).
1.3 XEHE
1.3.1 Hsara®

BTS2 S0k TP ST L A AR B 2 A T 2
Bk FRELS g(fE#A 5 0.01 gk iR SL B T 50 mL 2.0
H, A S mL ZE IR EIRS), P 10 mL LI
FHREL S min, SRJEIA 1.0 g ELEIAN 3.0 g TLKBRERE,
RHEYE 0.5 min, 5000 r/min &[> 5 min, WZH 5 mL A HLAH

BTN 02gCig10mL BLDAEY, IERY 0.5 min )5,
FIREE 3 min, W 4 mL R TIRESHD, AR
T, A 2 mL BEEEH, 1t 0.22 pm A HUERET 2 mL #E5
R, REI T

TNBRBAPERE AR BRI & 20 FhE R
R 6 Fhas AR (R . AEE . KT L FROIR .
& 10, 4507 50 mL 2.0 R AR S g(REH 3] 0.01 g)
IR, ML T A — R SR RS, B
R R A TR S AL B
132 BB

ENB FRifEFW: BRI 1 mgChsafi %] 0.1 mg) ENB Frift
fF 10 mL RS, HEP ARG ER, RS
F| 100 pg/mL ARAERE IR, T —20°CUKAR R L IRATE . WK
1 mL ENB FRUERECIE T 10 mL 25500, I e 2515
£ 10 pg/mL AR, T 4°C NGRS

RETERE: BB — AN 20 FiEEsER
PRECT 10 mL 25 50firh, InAGE & Rt e A2
ZIELR, 1FENRAEE T, b PAT. ZEN FTEHEN
500 pg/L, HAx 18 R EL R AR 100 pg/L.

HIEFER: RN E 20 FREFHEERDN 6
Fhas ARES R . AR . VFF . AL PR ERE
L), #%HR 131 Wk TRE SR AT A, il % 2s I B iR LA
FiH.

FETRAARUER I A BB I— R 20 FhECBE
FEIMERRT 10 mL AT, AR (3L ER
BRI E R FEZIEL, B F BT R M R YR A
PRAE AR, BUFIBLRC . L, PAT. ZEN AUBRIE TAERZE
PRI E 8 5. 10, 50, 100, 250, 500 pg/L, J:
A 18 P EL AR bR LA RIS R BTk o 1., 2,
10, 20. 50, 100 pg/L.

0.1%M Bk W W1 mL 2T 1 LR b,
NBLKFRBRITER BRI E L

5 mmol/L Z R /K IE: FREL 0.385 g(FEif%l 0.1 mg)
ZERET 1 LA, IMABAKRRIFEAZZEL.
133 &4 %t

a3k ACQUITY BEH C g (43541 (100 mmx2.1 mm,
1.7 pm); AEiR: 40°C; PEEERR: 2 ul; Wi#: 0.2 mL/min; 330
A A MG, BN 0.05%H ER/K; BHREBEFLF: 0~0.5 min,
90% B; 0.5~1.0 min. 90%~40% B; 1.0~3.0 min, 40%~10% B;
3.0~4.0 min, 10% B; 4.0~8.0 min. 90% B,

1.3.4 JRitdtt

LB ARSI s E L s RIE
I, Kemia=: £ B Wi (multiple reaction monitoring,
MRM); LA IE: 2.5 kV; B TFIRIEE: 150°C; #EfLH
JE: 30 V; ORISR 350°C; BEHI & 650 Lih;
MR
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1.4 HIELLIE
i Waters Masslynx U BC & T VEM R THIR
KA, FIH Excel B . RIEF AT EUE T X B2

2 EREHR

2.1 FRiEEHFMIKL

IRAVAE AR B, FIF Q1 MS Scan B:EF4
PRI T— T B TR e t (/) B Tk, 3R
BHMEE YN EE FEE . FIH Q2 MS/MS daughter Scan
FE TR T T R B T SR, B
ISR AR B VRN T o i TE-h iR Rl Al e A
L, 1S BPME AR ESE, LA PAT, ZAN,
ZEN TEfE RN RAE R, 1 & T [M-HT; Hih
17 Pl AP B A T {8, b T-2 . HT-2 . BEA.
ENB 731 B TN [M+NH;]', HAREI[MAH]', 20 R E 7
R Z O RIS 1 PR,

22 BIEFHHML

AWFFEHE T ACQUITY BEH Cps (43541100 mmx2.1 mm,
1.7 um), ACQUITY HSS T3 {ajiF(100 mmx2.1 mm, 1.8 pm) .
ACQUITY BEH HILIC 341 (100 mmx2.1 mm, 1.7 pm)%F

Hir b &0 s sk . 2R A, #H HSS T3 H:Af,
HT-2. ENB. ALT. TeA FI PAT WgJB#c2%, MMAEHA%, H
ENB Jy5¢iés; i/l BEH HILIC #:5, ALT, TeA, ZAN 3 fi
AR ;T BEH Cg FERESSFE 6 min PASLFIY 73
20 ik Gd, HIERITMXTHR, ks ACQUITY BEH
Cs FEAE R o Hr (L

FESOHBAR TS, S5h R s MR R R EE-K . 2
&K, kAR R R . 28, BEE . R
SRS pH AR | R S aeR 8,
I, AT AREE . ZHE515 40K . 0.1%H BRI
5 mmol/L ZIRE/KIRIALLTRshAH, HER 20 P EREERD
RIS B AR TR L . 255, WBES/KMIR AR
MHEFE, HAREETRLER, R RPe e Eas, 4%
NS BT, 756 min PIEIHIESEER  LLZIE A VLA, 5
54K, 5 mmol/L ZFREIKLL AR, OTA, ALT, CIT,
TeA MW, F MR BUERIR, 71 A OREOKIET
BRI, By A g il SR AT I . T S -0.1% F R K
B, IR XTRRPEN] AR BN, JF Eon i Eg e, dE—b%
FEA R T R (0.01% . 0.05%. 0.1%)%F Bl 20 43 1 52 i,
2P ZNE-0.05% H R K AR i sh A, 20 FhEHER MG
DR T AN o7 5 R SR, PR EA B IR E (UL 1)

F1 WHEESERESH

Table 1 Mass spectrometric parameters for 20 kinds of mycotoxins

F—— g ERROREL s BRE RO HEFLHLIE B Al
e E /(ug/mL) /min (B FET A% leV
T-2 # % (T-2 toxin) T-2 100 [M+NH;]" 3.4l 483.8 169.1/185.1° 25 20;20
HT-2 # % (HT-2 toxin) HT-2 100 [M+NH,]" 3.11 44222 215.1/263.1° 25 10; 10
FA{E2 T % (beauvericin) BEA 100 [M+NH;]" 4.89 801.4 244.2°/262.2 30 35;20
BRI E Z B (enniatin B) ENB / [M+NH;]" 5.05 657.0 196.0°/215.0 30 30; 30
# 1% # % B, (aflatoxin B;) AFB, 2 [M+H] 3.03 313.0 241.2°/285.2 35 25; 20
# % # 2% B, (aflatoxin B,) AFB, 0.5 [M+H]* 2.96 315.1 259.2°/287.2 35 25; 20
WM& R E G, (aflatoxin Gy) AFG, 2 [M+H] 2.95 329.0 200.2/215.2° 35 25;25
WA ETEE G, (aflatoxin G,) AFG, 0.5 [M+H]" 3.22 331.0 189.2"/217.2 35 25; 25
HERHEREZ A (ochratoxine A) OTA 10 [M+H]" 3.52 404.1 239.17/358.1 30 25; 20
#1758 % B (ochratoxine B) OTB 10 [M+H]" 3.22 370.1 103.17/205.1 25 25; 30
T %5 B2 (penicillic acid) PeA 100 [M+H]" 2.70 171.1 125.17/153.1 15 10; 8
%575 55 % (citrinine) CIT 100 [M+H] 3.14 251.2 191.1°/205.2 30 25; 20
2E £ 461 )5 (altenuene) ALT 10 [M+H] 3.09 293.1 239.17/257.0 30 20; 15
SCHE AL S Tk (alternariol AME 100 [M+H]" 3.50 273.1 128.0/258.0" 30 35,35
monomethyl ether)

A2 48 A1) (alternariol) AOH 99.9 [M+H]" 2.89 259.0 185.0"/213.0 30 28; 25
A2 il 61 1 7 R (tenuazonic acid)  TeA 100 [M+H]" 3.46 198.2 125.0"/139.0 30 18; 20
Ji# % % (tentoxin) TEN 100 [M+H] 3.04 415.1 256.0/312.1° 30 20; 20
JR75 55 % (patuline) PAT 100 [M-H] 2.30 153.0 81.07/108.9 -15 -11; -7

T KR F5 i (zearalanone) ZAN 10 [M-H] 3.49 317.1 130.8/175.1° =30 -20; -20

T K AR BE M il (zearalenone) ZEN 99.8 [M-H] 3.52 319.1 205.3/275.1 -30 -20; -20

T+ BT, FORARA I
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S
X
HLLl 50
-]D?
=
0 -
100 v OTB ZAN ZEN PeA ENB
S
iy
i?{. 50 +
-’D?
=
0
T-2 HT-2 BEA CIT ALT
100
S
%
T 50
-’>7<v
=
0
100 + AME AOH TeA PAT TEN
S
#
# 50
-]D,—{
=
. L.
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A ] /min i ] /min i8] /min ¥ [11)/min i8] /min
120 FHECHETE R MRM @A
Fig.1 MRM chromatograms of 20 kinds of mycotoxions
1E Hbppde et ferh, AR RE AR IR

2.3 FmEICERNMIL

KREBE N R Z W THIUER, PRIk
W R PRI R, R H 2N HAT AT R, 5
BRI, B, EO . RBUSY IR, SUHR
WA EZ, ARIFRLLiErmg ik, moiExEEm
ULHENE A H R B0 e 2 5/ ARG

QuEChERS i #b ¥R B2 Hhm A SR #7571 (1 g NaCl #1 4 g
Ja7k MgS0,)P T LU it HARAE &9 K A2 i 43 WA,
FIF KA SAHAESZ, B IR S oK o 2% e A B
W, MR H AR AP B P2 AR5 LA 2S FU B
FE A BIARE L SE S, 55T NaCl, Jo/K MgSO,. Joik
Na,S0, FIJE/K(NH,),S0, % HERbA Wy Il i s my . 255
KRB, ERBTHRpk A PR, 22 R0 R SOR AR, JCk
JESEER IR . NaCl # HIEAM S B PR B )2, Wi
1.0 g BRI AR IA AN 258 4 L T, SRRt —P iR T
1.0 g NaCl 5 At 3 Frhafr i 20 & fif F v 25 2 mDBCR 52
W, Z55RANZE 2 /R, 2 NaCl 5 07K (NH,),SO4 41 &3
BF, ZHEER A R B LT NaCl 570K MgS0,. &
7K NaySO, 414, HFiE JC/K(NH,),SO, A i3ahn, =i
REEZ A, FEREAE T 20 FlE R % iRk 5|
88.7%~98.2%, HIILATT KM 1.0 g NaCl 5 3.0 g Jok
(NH,),S04 &R ERTH

AP HEE, RO IR R H AR IR, 2 X
W R G G Y, NRRARSL RN, X R O
T AbBR 2% . 225 3CHR9,29 151 LAZS FIAZMIRE Sl (8 IR [ i
5%, HA T AIRIFE(S0. 100, 200, 300)f) Ci5. PSA . FL-PR,
HLB X} 20 FiECRH 5 254 L FI AR (n=3). 25 AP, (i
FHl 50~300 mg ¥ PSA. FL-PR. HLB % AFB,. AFG,, ALT.
CIT. ZEN S5ZFia RIYH BT, fm iRy
31.4%~65.5%, IEAFNTLIZK . 25 200 mg C s VE AR
FIEE, 20 FHEEZR MINAR ISR, 55 86.0%~97.5%, Kt
BEFH 200 mg C g X HRBOR UEA T4 AL AL B
24 EFRMN

S PEA TR, SR A 5 7 0 A i 4R R R Y
FOAEE 48 T 20 FhITPE T RAEAZME . ARE . AFF . A JF
A 5 R0 R 19 4 5 348 5 /40 ] A% 3 (signal  suppression/
enhancement, SSE), SSE fH KT 1.2 F/RILFHEREUN, /)N
F 0.8 FRIEFIMHIRON, 7E 0.8~1.2 2 [A] MMy 3 JF 4% i
SEMRAKEY, gk 3 BioR, 78 6 R RILFH, ENB R
4SRN B S (SSE {B 2l 1.223~1.268), ZEN, PeA. CIT #il
ALT AN 0% B 5. (SSE fE R 0.571~0.717), HAx 15 Fh
BRI 15 3 (WL RO Y e AT 32w N . DR AR 9% R
25 FUE AR I vk A7 e ik, DAAMEE L AL .
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Fz2 EMAFIX 20 MERZZEWEHF0(%, n=3)
Table 2 Effects of different salting-out agents on the recoveries of 20 kinds of mycotoxins (%, N=3)

MR A B C D E F G H I
AFB, 71242.1°  79.1+2.6°  90.1+3.5*  63.2+3.6° 65.0£2.9°  68.0£1.0° 72242.6°  69.8+2.2° 66.0+2.6
AFB, 92.943.6"  91.6£1.9"°  92.6+1.6"°  92.6+3.0° 94.4+1.6"  90.743.3"  93.3+1.8"  94.1+2.0° 96.9+1.6°
AFG, 105.1£1.6°  94.1+2.0°  94.142.6°  93.5+2.3° 923421 96.942.9"  90.6+3.2°  92.5+2.7° 91.6+2.6°
AFG, 90.3£3.2"  93.6+2.6"  92.5+22"  91.3+3.6" 93.144.1°  93.9+1.9° 89.9+4.1°  95.242.8° 93.542.3°
OTA 62.0+4.5™  70.8+3.9°  92.6+4.1°  44.5+4.3¢ 463529 48.6+4.9°  62.5+™ 59.6+3.6° 69.3+4.9°
OTB 50.0£3.3%  54.2+2.6°  91.8+3.0°  43.3+2.7° 452+3.6°  44.8+4.6° 66.6£3.9°  60.9+4.5" 54.5+4 3%
ZAN 69.8+3.9°  76.8+2.6°  91.5+2.5*  53.8+2.6° 55.6£3.4°  68.9+4.2° 50.5£1.9°  60.8+3.7* 62.6+4.2%
ZEN 76.0£3.1°  87.3+4.5*  90.243.1*°  62.5+3.6° 64.3+4.2°  71.7£3.4%  70.5+4.6* 79.2+2.2° 80.2+1.6°
PeA 52.8£2.7¢  76.5+3.2°  90.2+1.6° = 46.2+2.6° 48.1£3.8°  63.5+£5.2° 66.5£2.9°  70.8+4.1™ 78.3+2.6
ENB 81.6£3.2°  84.7+3.8°  96.8+4.3*  79.8+5.6" 81.6£3.6°  76.7+3.8" 78.2+4.4°  753+2.9° 79.0+2.7°

T-2 93.0+3.3"  99.4+4.5*  98.242.7° 86.7+4.6° 84.6£3.8°  87.7+4.2° 71.6£2.9°  78.9+4.6™ 79.244.3%
HT-2 58.242.8"  85.443.7°  91.242.9° 85.142.0° 86.9+3.6°  51.3+2.9° 62.6+2.7°  59.8+4.3° 47.14£3.9°
BEA 76.243.5™  78.6£2.9°  95.1£1.0°  83.0+2.6° 84.9+2.0°  85.1£3.1°  62.6+2.9°  72.243.0™ 75.6+1.9™
CIT 58.142.9°  53.8+£3.9"  93.5+3.0"°  45.0+4.1° 46.9£2.9°  47.1£3.8° 55.5+4.1%  62.2+3.3° 56.5+2.9%
ALT 87.2+1.3"  89.4+1.9"  92.142.4°  86.6+2.4° 88.4+£3.3"  86.8£1.9"°  66.6+£3.7°  76.5+1.7° 85.9+1.1°
AME 64.6£2.8°  73.8+4.9*  95.143.7°  69.743.9  71.524.2%  84.0+4.6° 60.8+3.6°  65.5%3.6° 74.3+3.6™
AOH 68.3+2.2°  63.3+3.3°  88.7x1.6°  64.0+£3.5° 65.842.9°  68.2+1.9° 60.5+3.5°  62.5+4.9° 68.7+4.1°
TeA 55.8+3.6°  60.5+2.9°  89.6+4.2"  57.6+4.1° 59.442.9°  72.3+3.5°  50.843.7°  64.6+3.6™ 65.8+2.9%
PAT 66.843.2°  86.6+4.4"  92.6+1.7°  63.0£2.9° 88.243.6°  86.3+4.1°  62.6£3.6°  64.6+3.6° 75.3+2.6°
TEN 83.7+4.1"  852+2.4°  933+£3.6°  70.3+3.5° 80.2£2.7%  78.7+£3.1"  80.9+3.6°  82.5+3.3° 84.5+4.2%

W AT/ FREARFER2ZE R B FE(P <0.05); A 1 g NaCl+1 g JE/K(NH,),S0,; B: 1 g NaCl+2 g Jo/K(NH,),SO04; C: 1 g NaCl+3 g Josk
(NH4),SO04; D: 1 g NaCl+1 g Jo7K MgSO,; E: 1 g NaCl+2 g Jo/K MgSOy; F: 1 g NaCl+3 g Jo7K MgSO,; G: 1 g NaCl+1 g Ji7K Na,SO4; H: 1 g

NaCl+2 g Jo7/K Na,SOy; I: 1 g NaCl+3 g Jo/K NaySOs.

R3 W0HMEESEHEE 6 MBRPMWERYK
Table 3 Matrix effects of the 20 kinds of mycotoxins in 6 kinds of nuts

HHEHER SSE 14 HEA#HE SSE 8 HE#HE SSE {H
AFB, 0.904~0.930 ZEN 0.603~0.645 ALT 0.603~0.717
AFB, 0.863~0.943 PeA 0.589~0.635 AME 1.098~1.141
AFG, 0.888~0.947 ENB 1.223~1.268 AOH 1.071~1.122
AFG, 0.894~0.922 T-2 1.061~1.096 TeA 1.056~1.097
OTA 0.947~0.978 HT-2 0.864~0.892 PAT 0.818~0.831
OTB 1.086~1.125 BEA 0.944~0.982 TEN 1.105~1.136
ZAN 0.808~0.822 CIT 0.571~0.645

2.5 ZMx%&. LODs 5 LOQs

B 6 Flas PR SRR, $ 08 1.3 1 TR AT AL BE, 43
S — ZR 50 B ) B PR A b AR, EALIE )G,
VI i i [ B O AR AR (Y), R A RS AR FR (X, pg/L),
2211 20 Fh TR FE 2R RO TARMERRZR, I DL MEE B A9 3 4%
{5 H(S/N=3) . E 0 IE 1Y 10 F515 1 H (S/N=10)#fi € -1k
AW LODs Ml LOQsPY, 455 /R, 20 FhELH 2 R A
B R IEE Y, AR PR R R AL OC R,
MR BIIRT 0.992, & 4 vl 50, B RAELHE  HEE .
FAAF A TR SR 6 A IL T 9 LODs 1 LOQs
S5 0.03~2.25 pg/kg A1 0.11~7.50 pg/kg, A HA R
i 1) 5 MR R A BT RE

2.6 [EIWERSEIIRERE

PERCAS IR . ARIE . MOFF L AL RO R
di, ATBIHEERAE . b 3 MR KT I AGE B 20 Rl ECEH
BERRE TAER, BN 6 M FA7FE, DA i
J5 140 PR S 00 5 T L A T [ AR AR XA o
# (relative standard deviations, RSDs), Z5H 3R, 6 Filg I
BT I o (15 N | =l N O < N L B -8
77.5%~114.9%, RSDs 5 1.2%~6.5%; TE-F/KFEH0 T Y
SEE RN 79.6%~104.6%, RSDs A 1.0%~4.2%:; {Em/K
SR A ECR R 80.2%~113.6%, RSDs f
1.1%~3.9%, /& GB/T 27404—2008 { Sciy2s B a5 30
0 FEEASIN ) (A SCEER
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*5 20 MEES RN EWERMENRERZE(N=6)
Table 5 Recoveries and RSDs of 20 kinds of mycotoxins(n=6)

metx O g RsDsiE  fE&E VR pgksmEes RsDs %
((uglkg) (ugrkg)

2.0 78.6~87.9 1.2~2.9 5.0 79.8~91.1 1.2~2.5

AFB,; 5.0 82.5~92.5 1.5~3.5 T-2 10.0 83.9~91.6 1.3~3.2
10.0 86.9~94.8 1.7~3.7 50.0 92.5~96.2 1.6~2.8

1.0 80.5~89.2 1.8~3.8 5.0 80.5~88.9 3.5~6.5

AFB, 5.0 85.5~90.7 1.6~2.8 HT-2 10.0 82.3~92.5 2.4~3.4
10.0 91.3~92.2 1.3~2.3 50.0 89.6~96.6 1.3~3.3

1.0 79.6~83.6 1.8~3.9 1.0 82.5~90.7 1.8~3.5

AFG; 5.0 79.8~93.1 1.3~2.7 BEA 5.0 86.8~94.4 1.2~3.8
10.0 86.9~96.4 1.1~2.8 10.0 88.3~108.3 1.9~2.3

1.0 78.5~91.9 1.8~3.8 1.0 78.7~90.0 1.5~2.8

AFG, 5.0 82.5~87.3 2.1~2.9 CIT 5.0 79.7~91.4 1.9~2.6
10.0 80.6~96.2 2.2~2.8 10.0 80.2~94.1 1.2~2.2

2.0 82.7~96.6 1.7~1.8 1.0 78.2~86.7 1.9~3.5

OTA 5.0 92.3~94.4 1.2~1.6 ALT 5.0 82.6~90.3 1.2~4.2
10.0 92.6~109.6 1.2~2.2 10.0 80.2~96.6 1.6~2.8

2.0 83.4~90.2 2.5~3.5 1.0 79.6~114.9 2.5~4.0

OTB 5.0 82.8~89.4 1.1~3.1 AME 5.0 79.6~94.3 22~34
10.0 86.5~96.4 2.6~3.9 10.0 86.6~98.4 1.8~3.3

2.0 80.6~89.8 1.3~2.5 5.0 85.2~93.5 1.6~2.4

ZAN 5.0 88.6~94.8 1.0~2.8 AOH 10.0 82.5~104.6 1.2~3.7
10.0 89.6~93.9 1.7~2.2 50.0 86.7~113.6 1.4~3.4

10.0 77.5~92.3 2.1~3.2 2.0 78.5~87.1 2.7~3.5

ZEN 50.0 79.6~90.8 1.4~2.6 TeA 5.0 80.2~94.5 1.5~3.1
100.0 80.6~93.6 1.5~2.5 10.0 80.3~90.2 1.6~2.7

2.0 77.6~85.3 1.2~1.8 10.0 79.9~87.3 2.8~3.6

PeA 5.0 79.8~91.2 1.8~3.9 PAT 50.0 88.6~90.2 1.1~3.1
10.0 82.6~88.4 1.7~2.8 100.0 82.8~92.8 1.6~2.6

1.0 80.2~90.1 1.5~2.9 2.0 78.6~95.2 1.6~2.4

ENB 5.0 85.5~96.3 1.2~3.5 TEN 5.0 79.6~92.1 1.8~3.7
10.0 81.6~93.5 1.7~2.7 10.0 85.6~94.1 1.6~3.4

2.7  SEERAESA KA ik 40%, LR 10 FROCRTE R, A H AR i =

RIAT B AL R B dioke, A(,  POIERIVADN AFB, (23.33%). AFG, (16.67%). BEA
O SRR ALAL 30 (hRES AR 5 (hREsEfrem,  (13.33%)F1 TEN (13.33%), Bl & hbs i = myaE 55050k
ZEANE 6 T, 6 IR L1452 B R RIS 1) B 2 205 148, BEA (8.67 pg/kg). AFG(8.38 pg/kg). TeA (5.62 ng/kg), A<

*6 TERRIWERSTEDE(gke)
Table 6 Content of mycotoxins in commercial nuts (ng/kg)

FE AFB, AFG, AFG, OTA ENB BEA AME AOH TeA TEN
TRk 1 / / / / / / / / / 2.28
TRk 2 0.85 / 0.42 / / 1.63 / 3.23 5.62 0.44
HBE 1 / 1.43 / / 1.23 2.67 / / / /
HZE 2 1.07 3.90 / / 3.70 8.67 1.92 / / /
¥ 1 0.27 / 0.15 0.66 / / / / / /
1 1.61 / / / / / / / / /
™2 0.86 / / / / / / / / /
3 227 / / / / / / / / /

TR 1 / / / / / / / / / 0.77
Fro iR 2 0.31 / 0.22 / / / / / / 0.85
IR 1 / / 2.09 / / 2.98 / / / /
JER 2 / / 8.38 / / / / / / /

TE: DyRAGH .



%5 13 3]

il #, % QUEChERS-i i 0B (1 - F IR Jot 10 [ i) 5 W 2R v 20 b LR B

4115

HEUCRESD IR AS 3 Rl B A B TR A R A Ak 1
M 2 5] AFF 1, RO 1B, sk 6
FhEEZE, &b 0.42~5.62 pg/kg, K25 BA27R, IR G
AR —E R R TS PR, JLHE SR AFs,
o R AN B AL, WA TR

3 4 i

AMFFEFIH QUEChERS HiARSLIL T & A3 i i
SCPTATAE BT AR, Rl a0 BT . ik Ak, &ar
T UPLC-MS/MS [R] R 7 g SR v 20 F BB 25 38 19 40 BT
Yo ZITIEFIH UPLC-MS/MS HIEIRATEE . & RS
M, TERERABTE] 6 min AT [RIEEXT 20 #h BARfL & P04 T
BB REME R, AR R . R MERR
FARSEII e BIFIEA I AR &0 SR . HSEHBMW
SCHRYERHE L, AR E S A A R MR Z, E
FHIG IS S YE B T, HARHF S A Sr iy IR AR e f
i, WEEL., REER. SrdEsl, SHTRLAhZ
ol B 25 2 A B 7 A RO S 0 E AT, W R AR R 5
SRR F A DRI PEAG B2 AT 850 e R T B
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