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R R OB, EEHE, Ak, TR, 4k F, BRI
(A AR IRty M 570314)

# ZE: BM  #5r QuEChERS ¥k - M = &0 A 3% - A K 5T 3% 7% (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)ill %& #£.4= I ML A I 9 FhEL I 5 2 T vk
FiE FEME 1%F R ERRIEIG H QuEChERS Al f I fLIR A, DL 0.1% F BR/KIE WM ZNE R sh
AHBLBEVEIR, 2 ACE Excel 3 Cig fA3541:(2.1 mmx100 mm, 3 um)43 5, 75 HLBE%E (electrospray ionization, ESI)iE
B PR R, R 2 5 Wil (multiple reaction monitoring, MRM)#E47434fr, ARk EfTE & .
SR 9FNER AR 0.5~50 pg/L MR T B NG R AT, HIDCRE(r?)=0.9937, K i BRI B 431
4 0.03~1.14 pg/kg M 0.10~3.50 pg/kg o FEAK  H 5 3 DNESINKE(2.10.20 pg/ke) T HIEIBCR N 73.1%~117.7%,
AAXSARUE D 2535 R 0.6%~6.5%Z [B](n=6)., L& ATy e, RPUE e . &R, &M T4 L1
PEAEA AT O T BB 7 2 10 PR i A B AN

X #18: QUEChERS; S0 AH (- IR ik, LARAEAR M, JUIRHE R, B LR B R BE R AR A

Determination of 9 kinds of mycotoxins in peanuts and flavor peanut oil by
QuEChERS-ultra performance liquid chromatography-
tandem mass spectrometry

WU Ji-Ren’, PAN Wang, TAN Gao-Hao, PAN Yong-Bo, WANG Cheng-Ye, LIN Qing, LIANG Feng-Ya

(Hainan Institute for Food Control, Haikou 570314, China)

ABSTRACT: Objective To establish a method for the determination of 9 kinds of mycotoxins in peanuts and
flavor peanut oil by QUEChERS extraction technology and ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS). Methods The samples were extracted with 1% formic acid methanol solution,
purified with QUEChERS dispersed adsorbent, eluted with 0.1 % formic acid aqueous solution and acetonitrile as
mobile phase, and separated by ACE Excel 3 C;g column (2.1 mmx100 mm, 3 um). In the electrospray ionization
(ESI) positive and negative ion switching scanning mode, the samples were analyzed by multi-reaction monitoring
multiple reaction monitoring (MRM) and quantified by external standard method. Results Nine kinds of
mycotoxins had good linear relationships in the concentration range of 0.5-50 pg/L, the correlation coefficient (r*)=

0.9937, the detection limits and quantitative limits were 0.03—1.14 pg/kg and 0.10-3.50 pg/kg, respectively. The
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recoveries at low, medium and high addition levels (2, 10, 20 pg/kg) were 73.1%—117.7%, and the relative standard

deviation were 0.6%—6.5% (n=6). Conclusion This method has the advantages of simple operation, high sensitivity

and strong applicability, and is suitable for rapid screening and quantitative detection of 9 kinds of mycotoxins such

as peanut and flavor peanut oil.

KEY WORDS: QuEChERS; ultra performance liquid chromatography-tandem mass spectrometry; flavor peanut oil;

mycotoxins; ultra-high surface area single-walled carbon nanotubes
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1A TR TR R — P IR E Y ML TR, R
e P E R O AR AR AR A 2 — RS A
PRI, W B R RIS AR R 7
A EA 2k 80% LA E ARG iR, bt s A4
FRATF RIS . AR . A6 DUERR S . [HB e e R
BRI A A R A S P B, A 8.48 mg/100 gPL,
I 2SR FH 7 B A 1) R A A i, PR R KRR |
TREATEA A R, SR IR AZ 3B SR <4l R ARt AR 25 1 7
HHEMBE ., AHRLSTHE T ZAH, 525307 %P1F
TEFE A R R By 4Rl L R S A A F R

R L HG SR R ER . ZMERE R
AR AR, DRI A o0 O A T 4 2R ARSI e B s T
FI R4 0 B LAY LT 7 2RI 5 47 2 k™ | e
Gag kP SRR mAORA Y LA
- SR I 2 I R - R I vk LA
RUARFRfATBA . L —Phak . 2240 43 ) B G I 454 A, SR A
R R RI AR . BT, B E KA B E AR
FRUEA GB 5009.22—2016 {Xihic &R FhruE £ 5t
M8 R B A G IRMIIE ). GB 5009.96—2016 (£ f#h
ZREZFRRE ShhMMESER A MlE ). GB
5009.111—2016 { & A Z B FARE iR S ]
PR B L LB A 0 (R 5 ). GB 5009.209—2016¢ £
b A E R AR E B A R OK IR B R I 2 ). GB
5009.240—2016 & i & EZE R & PR M
FE ) SEIE 10 4, {HX 7 vk AR 2R E R R R
T, T LS A AN R B 26 T A A ™ i, SCHRARE (1)
ZFEEFE RN 2 TR . P2k, mRSE, X
FAEAE B A MEAEA i rh Z2 0 B 5 5% B A AR 2D D,

AFFE ST T 29 QUEChERS Y- 1o 20 i AR 8,
Wo- B OB R O E (ultra
chromatography-tandem mass spectrometry, UPLC-MS/MS)
P 7 2 R R R A AR B ARG A i R AR R
MMEER A, TARBRIE OMAEREZENHE, L
WA AEAE R A AR AR P %) TR B 2 A SR AT R iy
T ie

performance  liquid

1 MR5RE%

1.1 ¢ 2§

LC-30 =20 A 35 (H 7 5 HA F); QTRAP
5500 — FE PUM AT ST A (3E [ SCIEX 22 #]); XS-204 HLF
3BT R G L ARFRE -8 22 |]); SK7200B 8 75 U 1
(RIS AT, Multi reax(EX)im e iR & 5 (752 [F
B /N 7]); Centrifuge 5804 =) i 2 U AL (78 [ S AN H]);
Autovap S60 & WA (Z E ATR 2 #]); Million Q HIABE 4K
(EEBMEAR), WEHRFGEEZERAF);
0.22 um J& Je LB I (i L B # AU 3R A BR A FD) o
1.2 RAFIEHE

WEHRR B, WIIEER B, ®AlERER G,
WMESEE G, MMESER A, TRRERN., T2 %
# . TH-2 FH (100 pg/mL), R HEEE B((50 pg/mL)(H
Jin¥% Pribolab /A w); Z M. HEE ., HER (G TG4k, 15 2R
LA HE]); FEEER (4 g MgS0,4. 1 g NaCl, 1 g FEBER 4N
0.5 g ZKAFEIR M) . ¥k k(150 mg C 5. 900 mg
MgSO,)(GE R ZHEMRAF); A HBAikRifE: 100~300 H,
FeFR AL 100 mY/g) . R IEAL Z BERR AU K (A0 > 95%,
AR 5~15 nm, K 10~30 um, RIS 5.58 wt%).
T EL R T B RE RN KA (AU > 95%, HAR 1~2 nm,
K 5~30 um, HWFRER: >1075 m¥/g)(FF 4K LA
#]); Million Q Y8 4ti 7k #% (3% [& Millipore 23 7)),

A2 B RE S (35 MRM-AO0-04010, 347 il %
Pribolab /& wl); {64 B FF i (k5. T04369QC, ¥ [
Fapas 2 l)o

W LA RS 37 4, NIBEOHAS . &
Rl 5K
1.3 IWFFE
1.3.1 HSaras

A5 0 ST 78 A B T B REAL T R IR 5, AR AR A
iR A5,

TERFREL 2 gCR5 I 2 0.001 g)FESE T 50 mL .0,
JIA 10 mL & 1% R HT BRI, 2 BEF s X 5, fInAJ=HL
41, L2500 r/min IWHEIRS] 2 min, BT IIEVEAHE



%510 3]

RIEE, % QUEChERS-H i RO AR 3 - R IR Tk I s 1B AR K A AR Tl b O Fh L B2 R 3929

FEHLI 5 min J5, T 10000 t/min 5.0 3 min, #% FIERE
AL £(150 mg Cis. 900 mg MgSOy. 15 mL
DT, AL . 10 mg 85 b T AR L RERR 9N KA
LA 2500 r/min I®ENR2S 1 min, F 10000 r/min 5.0 3 min, H
5mL F3EW T 15 mL 208, 7840 °CKIB T AKX 2RIk
T, HWIGRSIAE: & 0.1%H BR/K-Z 57 H(20:80, V:V)¥%
fEEZE 2 1 mL, iF0.22 pm JEIEIEFLIERE, I UPLC-MS/MS
5E
1.3.2 AR R e B

W &R B, W& ER B, Wil
BHE G . HIMEER G, MIEHE A, ERAERK
i, T-2 % E . TH-2 8 ZARMEE 4 1.000 mL, R
# B, 2.00 mL F 20 mL ka5 itifirh, AR S A ZEZ)
BE, BEH AR 5.00 pg/mL BIBRHESRE 58, #REH] 25 mL k%
GBSO, B EAE T -20 °CUKEE . He B8 1.3.1 Ab 345
2 1 BF R A BRI, K TR A v AR VR T R B

U, AR B E TR R R (curtain gas,
CUR): 20 psi; BEFE: R (DIEES T3, 200
4% 2 (multiple reaction monitoring, MRM); i M 55
H: 5.5 kV; BFIEIRE: 550 °C; AL (nebulizer gas,
GS1): 50 psi; J#S (heating gas, GS2): 50 psi; CUR:
20 psi; filf ¥# % A [ HL E (entrance potential, EP): 10 V;
filf 1% %5 4 1 H, JE (collision cell exit potential, CXP): 17 V;
OB, Z RO A B 4.5 kV;
B FIRIRE: 550 °C; GS1: 50 psi; GS2: 50 psi; CUR:
20 psi; EP: -10 V; CXP: -17 V,

RALJE 1 MRM S8(S GBS+ F B F Xk
EEHOREWNE 2 iR,

®1 BEXBRER

Table 1 Gradient elution program

o ) Aisf 18] /min A/% B/%
F R TR I T 2R ’ ’
133 MBS LM 0 80 20
(D)t 44 1.00 80 20
3% ACE Excel 3 Ci5(2.1 mmx100 mm, 3 pm); 3.00 10 9
TLBhA: 0.1%H BK(A)-2 M5 (B); #iti#: 0.3 mL/min; £ 400 0 %
e 40 °C; HEFER: S uL. BRI LK 1,
N 4.10 80 20
(2) o ik 4
B 7R HLWE %S B T (electrospray ionization, ESI) 3-50 80 20
#z2 RitEH
Table 2 Mass spectrometry parameters
Ew {5 B 5t ] /min BB F(m/z) T BT (m/z) SRRt E/ms  RERERER/V  HEFLERE/NV O HEEAR
285.0% 20 30
wMESER B 2.02 313.0 183 iE
241 20 49
287* 20 35
W E#HE B, 1.90 315 130 iE
259 20 35
243%* 20 36
EHIM&EE G 1.89 329 150 iE
283 20 35
245% 20 39
wMEER G, 1.77 331 160 iE
285 20 38
358.1%* 20 -26
MMEEER A 2.72 402.1 -70 il
166.9 20 —44
157.1* 20 —45
R BEE B, 1.59 720.4 —40 it
562.3 20 -36
305.2%* 20 18
T2 H % 2.09 4842 40 1E
215.1 20 24
215.2% 20 16
TH-2 # & 2.54 4422 40 iE
263.1 20 15
) 175* 20 -26
FOR AR T 2.68 317.2 -40 il
273.1 20 —45

TE SRR E RS T
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2 HRED

2.1 BIEHTFE

%t kL T ACE Excel 3 C4(2.1 mmx100 mm, 3 pm). 3
X ] Titank Cg(2.1 mmx100 mm, 3.0 pm)Fl Waters
ACQUITY UPLC BEH C4(1.7 pm, 2.1 mm=100 mm)3 F
RFEEE . EZFLRERIERE . e b BUR AR ORI €5
TEAEXT O PR ELPH B K A4 BIAR Bl 1 24 ACE Excel 3 Cyg
ERE R ARG S8 F IS R, s aUR T
IEABEFE e % ACE Excel 3 C B35 AE AT I 2 0F 5T

1.20e6
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Fig.l1 Total ion current diagram of standard solution
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BFE . KA, AT A AU TR B B R
FE LT 3 8 ok AR B T I 1% IR NG |
FREE . 1% 1R B B A 4 FPos 30000 i S RIS 0, o
ZWEI AT LR, 25 LIE 2, FUIME 1% iR
YER SRBOR BT, 9 Fh FL T 7 R MR HILE 91%~110%.
PEASBIF 5 1) B2 T 70 S 200 8 S P 1% FF 1R PP e
2.3 RENEATHIE

FHEE T 0.1%Z K . 0.1% /R | 4li K VE KK AH(A #),
FWE . ZHEFE A VLA (B A, 647 2 4030 3 AR 6 B2 e A
Fei . 9 MEHBER AV 2 RN MRM (655
W 3, ZEREW 0.1%H BRK-ZIE1E R sh M BE, 9 Fif
FLH A E WAL 5.5 min PARAGHEUT 0950 15 B A%
Mol 7, BRAT i AR A BE R A5 14 T 3R L
24 BUHFRBTFE

BT SCERRET, AR 150 mg Cigt+
900 mg MgSO, 1F R IRl v AL R 770, PLAE T 18 Rl
PRV BR300 R 4% A5 10 mg 7 B8 ALRR | Bk £ RERR A0 K
B L SR TR FBE B 9K B BLSCR R RZ e, LA
Frh 50 pg/kg BYENSCERN F 4248 HR, 150 mg Cgt+
900 mg MgSO,+10 mg 1y b 3 i B ELBE Al 400 0K 3 H L
i 3 2H X B AR AS BE AP AL S8R K A, B AR EL R
ik 84.6%~106.8%, W 4~5. ik, AWF5E KA 150 mg
Ci5+900 mg MgSO,+10 mg i = Lt 7% i FH B RE ke 40 oK 45
W 550 AT i A

2101 101

OO 8
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T BB AR A KRR : SIS R B WllEHR B, WESHR G . MlEHR G, T2 HE ., TH2 HR | MillEsER A,
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K2 ARSI r S R B

Fig.2 Extraction of different extracts
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Fig.3

B3 9 FPE B R M MRN %

MRN mass spectrograms of 9 kinds of mycotoxins
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Fig.4 Purification effect of different purification material combinations
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= 150 mg C,,+900 mg MgSO,+10 mgiZ BEAL L RERR AR AT
= 150 mg C,,+900 mg MgSO,+10 mgifl & bt R B RERR AN KT

T HIEE M ZER BRI 150 mg Cis + 900 mg MgSOy4. 150 mg Cys + 900 mg MgSO, + 10 mg 77 & {bH% . 150 mg C5 + 900 mg MgSO, +
10 mg AL ZRERBIN KA . 150 mg C5 + 900 mg MgSO, + 10 mg 25 H R TR BE RIS o
SO NIPE (X v p S 4 R g I

Fig.5 Recovery rates of different purification material combinations

25 ZMSeE. KUER. EER. BEE

% 1.3.3 B TAERMT, X3 5 O Ee VR & 45 o il 26
VEWGEATIN S, LARE B R R T AL Y AR BR, X
IO 4 50 BE (X, ng/mL) AL AR 22 i B o T £k, I3
BHATEGEHR ., B, 2 0% 3. GB
5009.209—2016 #E TR AR B A H RN 1 pg/kg;
SN/T 3136—2012 ( Hy 46 A | 432 S il i v % il 25 55
. MMEFEE. RDHE B, BASIEE]#E R,
T-2 8K . HT2 HEMIE ) MEE & #H % B, #ilh
HEE B, WIMEHER G, BM&EHEE G,. Ml
# A, RO#HZE B, TH-2 HE . T-2 HXEMEME N
0.5, 1. 1, 1,2, 20, 10, 10 pg/kg. AH7 =R 1R
A 1 5% s il e o v 3 ARG R B R T A o vk I
R, 8 B ARG I Jr v 2 00 A v o PR B e 38 e o

JHE M 9 10.0 ng/mL A 9 Flt FLTR B 2R S AR E AR,
PEATE M E 6 WK, 1% J7 2 0 AR X AR UE i 22 (relative
standard deviation, RSD) (n=6)4 0.4%~2.3%, UiBH{X%
HA RIS

2.6 [EIEZER

o Fh B AR IR A PRER AN B 2 (AR,
HEAT 2., 10, 20 pg/kg =GN E 25, B K
SEH 6 S EATRE, FEXRISCR N 73.1%~117.7%, JF L)
RSD K 0.6%~6.5%, i B4 Jy i B R K o 42 1 450 o
27 REEH

Ay BIFREL 2 gOR A F] 0.01 @) BL B 35 2 I FE M 45 2
iy, HPE 1.3.1 % ST AL B 7 ghgb AT A B, KI5 &
FiPERE S IE B EOR, R E 4, LR LA E
LA B R 0 BRI AV L ) T
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R3 IMABRSREMEMEXR. BHIR. EER0M=6)

Table 3 Linear relationships, limits of detection and limits of quantification of 9 kinds of mycotoxins (n=6)

&Y mIEp:R MHEZRE()  S&MEEREA(ngL)  Bihf(ngke) EE/(ngke)  AEEE/%
HMETHR B Y=56642.1X+20925.8 0.9973 0.5~50 0.07 0.23 2.1
W HAEFER B, Y=61784.0X+18739.6 0.9982 0.5~50 0.05 0.17 0.4
wEER G Y=46297.2X+14745.5 0.9987 0.5~50 0.03 0.10 1.1
wEER G, Y=20019.7X-2072.2 0.9937 0.5~50 0.09 0.30 1.7

T2 8 & Y=30758.6X+7006.0 0.9976 0.5~50 0.31 1.03 2.3

TH-2 & Y=5889.2X+2499.6 0.9981 0.5~50 0.30 1.00 0.5
MMMAGEER A Y=74074.2X+6597.5 0.9978 0.5~50 1.14 3.50 1.3
F A IR B A i Y=16448.0X-116.6 0.9976 0.5~50 0.94 3.13 2.3
REFEE B Y=17148.1X-3371.4 0.9978 0.5~50 0.18 0.61 1.0

x4 REHRENER
Table 4 Results of quality control sample
e = 951} it H A /(ng/kg) FRPEE X 8] /(ug/kg) S/ (ng/kg)
HMAEFER B 4.71 2.64~6.78 4.02+0.08
HMEER B, 1.70 0.95~2.45 1.14+0.09
T04369QC b
HMEER G 4.13 2.31~5.95 3.48+0.10
HIEHR G, 2.51 1.40~3.61 2.24+0.07
MRM-A0-04010 TELE wih&sR B 12.06 8.54~15.58 10.20+0.55

TR SCME: I R 2E

2.8 SEPRHERINE

KA L Rt A RO TR K
BRI WA K AR AR K AR A TR R 2R 37 HER R 9 B
B AR SR R R, BRI EREERA 3
F, b AFB, 5 19 HEFE SO Hy, —HERE LR (E 2.8
%, AFB, 8 SHLAEMRE . T-2 F 4 #LRES G, B
KR 51.3%, Mt 3 MPEEZFESEE 0.10~
56.07 pg/kg, W 5. WATHY GB 2761—2017 B il %
S EZEME T B AR ) R LA K AE
PR AFB, YR AR L E (BRI 20 pg/kg),
FARIAE A RAEE PR AFB,. T-2 #RFEHME.
AR T-2 BER MK R R S RIS, (R T-2 8%
BT NRAEAEMEB R I & . W . ANAE L B BRI
Vi e te vk AR E US00 , WE T H IX AR AR K R
WA PR LS IB i AFB, X518 AFB,, T-2 %
FU5 g, E51E AT

3 igSitie
ZN S ORI R Y G L 1 Y (R VA

T QuEChERS-UPLC-MS/MS [R B %2 48 A= Je + A8 A
R O Bl B RE R AT Tk o H AT 7 R I E A 1
% AT ARETT VR OR 22 R FH AR €385 0 s A € 3 s 3
S PR Tk, AR 2 R R B 1A
AL BB FRALE AR, e B A B b L
I3 M, RIBCRIAR . ATy ¥k i i QuEChERs 4k
A BRANASCR 0 25, SEB T AEAE K AR ARl 9
ol B0 TR 5 2R A [A) I A A BRI E , R AL 7SRRI AR, I
A B RG], AROR AR s A I AR i
FER B R, A 5 12 D R 45 SR 7 o P2 A A A ) Y R
N, TEWIAS O vk HA B B e P, B T AR AR M i
FEA M HE O Pl FLRR R A PR DN E, AT LA R AR
R R AR A I R O TR 7R A PR O A R EE L E
BT

JSE A D 0 1 1 4 ¥ T AR P L AR B T 3 W 3K 1Y
37 HEAE A J A AR A IR AT O ol LB 7 2T e O
forbr, S5RKM 9 MR RIGRHRERER, A
6 FhEL AR AK N, (HE &7 R By {5 Yedniim, J
T — AR BRAE 2 1% 22, g T M A 4%
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Table S Detection results of mycotoxins in samples (pg/kg)

oA TR= AFB, AFB, T-2 AFB, [

2 0.28 — —

4 3.30 0.48 —

7 2.72 0.50 1.47

9 0.25 — —

10 0.38 — —

11 0.78 — —

12 0.63 — —

16 0.60 — —

18 1.26 — —

19 1.15 — — 20
20 56.07 7.62 —

21 0.63 — —

22 3.82 0.73 —

23 1.00 — —

24 2.60 0.40 2.04

28 1.04 — 1.18

30 0.63 — 0.38

36 0.26 — —

37 0.10 — —

T —FR T,
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