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WE B9 R AR QuEChERS AT 4 F2 3 K, 2 5 7 A8 ik g 48 & 3% - % B 3% ( Ultra-High-performance Liquid Chroma-
tography-TandemMass Spectrometry, UHPLC-MS/MS) #- | 25 = L P 26 A A H F Z 4T WM 5 ik, F k. H R A
QuUEChERS 75 ik # AT A] AL 22, 22 15% F BR LR 42 I, R 4 AL A 4 AL iR 22 R A R 1B B A e W X 46 S FIAE & A
AREBATRELSM . R AT F 3BT T 26 A AH AT F ) Az R A 80.1% ~116.2% (n=5) ,F
B T Ay 26 A A E A F AR AW REILE ALE R R BT AX 2H(7) =0.99 40 H R AR B RS F] A 0.05 ~
6.25 pg/kg #20.2 ~20.0 pg/kg, 25ib:iZikf & ik FRAMR EATZ P20 AR FETHWEEIM.
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Simultaneous Determination of 26 Mycotoxins in Notoginseng Radix et Rhizoma by QuEChERS-
Ultra-High-performance Liquid Chromatography-Tandem Mass Spectrometry
Wang Shaomin' ,Du Chunxiao' , Liu Xianxian' ,Liu Guanping® ,Mao Dan',Liang Yunfei’

Huang Xiaojing' ,Zhu Xiaofeng” ,Chen Ke',Ji Shen'
(1 Shanghai Institute for Food and Drug Control ,Shanghai 201203, China; 2 Guangxi Wuzhou
Pharmaceutical ( Group) Co. ,Ltd , Wuzhou 543002 , China)

Abstract Objective:To establish a method for the simultaneous determination of 26 kinds of mycotoxins in traditional Chinese
medicine Notoginseng Radix et Rhizoma using a QuEChERS pretreatment procedure coupled with ultra-high-performance liquid
chromatography-tandem mass spectrometry ( UHPLC-MS/MS) . Methods ; The samples were pretreated with QUEChERS method , ex-
tracted with 15% formic acid in acetonitrile, purified by mixed absorbents, as well as analyzed by UHPLC-MS/MS. Matrix-matched
calibration curves and internal standards were used for accurate quantification. Results: Satisfactory recoveries at low, medium and
high spiked levels were ranged from 80. 1% to 116.2% (n =5). Good linear relationships were obtained and the correlation coeffi-
cients (17 ) were greater than 0. 99. The limits of detection( LODs,S/N =3) and quantification ( LOQs,S/N =10 ) ranged from 0. 05
g/ kg to 6. 25 pg/kg and from 0. 2 wg/kg to 20. 0 g kg, respectively. Conclusion ; The proposed method is simple,rapid and val-
uable, which can be a powerful tool for quantitative analysis of the 26 mycotoxins in Notoginseng Radix et Rhizoma.
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247 JL 1 I FIE o P ] S RLT I/ AR SR R A 1Y
VEFR e R B e i A (=
R U 12 0 250 1 7 7, TR AR A7 N i i v )
A R =L R R R e, AR
A= 4, FIAT QuECHERS Figb B A Jf i
TR BB BB R B T =L 26 FhE R
BERAIN Ty o AT ] s 4G I 2 ot 25 2 22 28 it 2
BREMRDERE AR FHERENE
BRI R K ZRE W R, HERAERE, fEaf , P |
AR ZE H A 2 B B R R e s A Iy kR
s,
1 E5KH
L1 AU JROAH €05 = 5 DUAR AT B 56T i (7Y
5 :Nexera X2-LCMS8060, L 7 : H AR LN H]) ;
R ELO AL (245 S810R,, i) 3« 7[5 Eppendorf
o)) s HEUBR AL (B45 : Genogrinder 1500, 3¢ [F
SPEX 24 #] ) 5 A WAL (745 : N-EVAPTM-112, it i
T : 22 [E Organomation /3 H] ) ; 70 #r K- (5 ; Stato-
rius CP225D , f3k)3 7« 5 [ Mg 45 -5 F 2 AU 2 A R
28] sMilli-Q 4l KA (15 Milli-Q, {4k i 75« 58
I H]) , VA22MED 875 43 (%12 VA22MFD,
5= WIGGENS A #]) o
L2 0 HEE O TR R B ISR i ( (3%
2, Wy T8I Merck 23 w]) s JooK i R Bk L S ALEM (o
Mraf, W F g bR A R A R ) , C18 (GCB |
PSA { L BURH S T R A AR A vl B
FARUE S L3R RIBR C5- 0 S0 S 4k 0 TR 0
(1 mg/L) \"C - T KRB/ (1 mg/L) (4iEH KT
98% , ¥ T3 [ Sigma A H]) o
L3 frdea Sl =L mIBE ) A
HAET o B L0 HIG N A BB = LR i R b
18 b, KWK S 52 ) 74 01, 774 02----- P18, &

F5 01 =g 02+ =7 18,
2 FAEEHER
2.1 LC-MS/MS 3% i 554 @ig & R
RiAE A 2.7 pm B HE4E Poroshell 120 EC-C 9 {4
TEHE (Bl : 150 mm x3.0 mm) ; RHAJIESE] 1 2
PR, BB, WahtE A M HEE, B
FHH 0. 5% HIIR-2 mmol/L F R /K ¥ Wk, M6 B Uk
B4k, 0~2 min: 20% A, 2 ~15 min: 20% A ~
100% A; 15 ~18 min; 100% A; B Tz A
MRCHE, B AR, BEERB M 0 ~2 min:
10% A, 2 ~ 15 min: 10% B ~ 100% A, i #
0.45 mL/min, #fFEE: 5 pl,

Jig A5 ESLE , 22 JO il (MRM) | 1
B2 A AT G, M OC S B B IR PR
JE:300 C, #: HH HK:4 000 V, % {6 < I #:
3.0 L/min; T4 i ft: 10. 0 L/min, fi #4537 &
10.0 L/min;26 FhaE R W BHESEOLE 1, BB+
KL 1

®1 26 MERBSERLESH

e eep WERE L
HHEE BE R wr EM
(eV) (eV)
WM& RER B, (AFB,) 313.0 241.0 -38 285.1 =25
W B R B, (AFB,) 315.1 287.1 -35 259.1 -40
W #RER G, (AFG,) 329.1 243.1 =35 215.1 =35
M HTER G, (AFG,) 331.1 245.1 -40 313.1 -33
WM EGRER M, (AFM,; ) 329.1 273.1 =25 259.2 =25
W R M, (AFM,) 331.1 273.1 -23 259.3 -23
e ETEZ A(OTA) 404.1 239.0 -23 102.1 -66
% E 7 % B(OTB) 370.0 205.0 -22 103.0 -14
A Z C(0TC) 432.1 239.1 -28 358.0 -18
RERER B, (FB)) 722.4 334.3 -41 352.3 -37
REHER B, (FB,) 706.4 336.3 -37 318.3 -39
REHEK B, (FB;) 706.6 336.3 -36 688.5 =-30
it 4.5 T ik ) T #5 T ( DON) 297.1 249.1 -12 231.1 -14
T2 #H#H(T2) 484.3 305.1 -16 245.1 -16
HT-2 # % (HT-2) 442.2 263.1 -18 215.3 ~-16
BRI E A(ENNA) 699.5 210.2 -20 228.2 -20
B R A (ENNA, ) 685.5 210.2 -30 228.2 -32
BT E E B(ENNB) 657.3 196.1 -30 214.2 -32
BURALE R B, (ENNB, ) 671.5 196.1 -32 210.1 -30
LA (CIT) 251.2 233.1 -17 205.1 =26

3 C s - 25 TS R D T
312.2 263.1 -14 216.3 -18

(" C,5-DON)

F K IR (ZAN) 319.1 205.3 24 275.1 22
T AREE M (ZEN) 317.1 174.9 20 130.8 29
a-FKRIREEE (a-ZAL) 321.1 277.1 23 303.4 21
a- TR IR (a-ZEL) 319.1 173.8 27 275.1 22
B- T KA ( B-ZAL) 321.1 303.4 22 277.1 22
B-To K A hs B ( B-ZEL) 319.1 275.1 22 160.1 32
BCe-FATREREI( P Cy-ZEN) 335.1 290.4 19 185.1 25
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1 20 MERSEM2 MENENFRNEBEFRE
WAL IE B TR S B R I, S 1. DON,ISL. 1 C,5-DON, 2. AFM, ,3. AFG, ,4. AFM, ,5. AFG, ,6. AFB,,7. AFB, ,8. CIT,9. HT-2,
10. FB, ,11. OTB,12. T2 ,13. FB, ,14. FB, ,15. OTA,16. OTC,17. ENNB,8. ENNB, ,19. ENNA ,20. ENNA, ; B. 171 8 T8 20 0 5 T 1, eIt ) «

1. B-ZAL,2. B-ZEL,3. a-ZAL 4. a-ZEL,5. ZAN 6. ZEN ,182. ¥ C,4-ZEN
2.2 XPMSIAEW A B 26 Fh R R AR
di, S C NG RR R O B8 1 L 55 100 mg 1 5
APRE 2T, PR SRS ORI A 1T L& 1 mg (3R
AARET AR . RIS C - B 48 5 T Bk 0 e e
Cog- EORAREEE 2 Fl [ 157 28 POARBRVE i, 2 i
BT R B S R 1 L 20 g MR A N BRFRIE T
e

2.3 fELME R HS RIS ERR (L=
i) 292 g, H 50 mL B0 T A 10 wL R4 PR
VAW CE 1 h R ARIE TR T, K 15 mL jicE
5 min, 1 15% H R G 7 10 mL 2128 2 min, filfR
FREEFALINIR G4 5 g(4: 1) , 34 30 min, B0y,
WEHR L35 6 mL ZELLAE T A L5 g IG %L
#} (GCB: PSA: C18: MgSO, =30: 150:300:900) , Ji]
FUYRHE 5 min, B0, BUETE R 2 mL F 40 CRAK
BT, A 20% W R R B S 1 mL, IR ETR
59,35 0.22 pum SRALIERR , BREEIE , B1S

2.4 LlEtEEE RAHUEE, R Bk EE A
ZH = LRE IR 2. 37 TR A, 4 2s bR,
SRV 5 [ SE R S R R 2. 27 TR TR A A o
TAEV, e HR 2. 37 TR A, il 45 Inbr i dh i
Mo IR AE W] R LA B A TR E
2.5 SMRRFER BITHBERERRIGYEM =L
i, T AT T A B S s B A, KA

[ 26 Fh LI RE R AR EI A 10 pL RS AR L
VEWR A, BC A [R] 4 1 70 Bl 2R 91 25 1 ik Jo o o4
VR, EEST T 26 B ECBE BE R AOBRE 2R, S5 R UL
2, 26 MHENEER TR B N A OC R R AP, MK
FR(*)¥=0.99, LIgEtEmiE ) 3 550 (S/N)
WEE YRR R (LOD) 7€ i 1E 1) 10 f5 {51
HeRfE AL S YT TR (LOQ) , 46 HE BR A i BIR 73l
7 0.05 ~6.25 ug/kg 0.2 ~20.0 pg/ke,

2.6 rPIAPKS R ER RS B R IBOIR 5 0 IR VA TR
5 wL, LR 6 M, 10 SR TR AR B, 45 R A% R B
22 10 0 T AR AE X5 s o Al 22 ( Relative Standard Devia-
tion, RSD) BJ/NT 2% , RUULARKG B RAF

2.7 fhmRE AL RS R R — O ds nk
J& Ry 25 A £ R A [l st A vt VT, 2l
7E0.6.,12 18 24 h #EFf, Il WAL, RSD ¥/ F
4. 1% . RB LSRR, HEl R IEITE 24 h NERE
2.8 HAEMESE  CRAINAE Dy AT E A R,
2. 87 WUT il s U IR B2 0 20 wg/kg 1Y TS B A1
FEBC XA, —3X 6 17, ERE 3BT, 26 FhELTH
BERME AR (H N WK 3,

2.9 DRSO T R R A TR TR
b CIRARC AR 26 P 2 A9 5 1 FRY™K 25 1 i
FTBCH) , o LA 1A% S A5 25 A8 = FRAE S s
VR FEAT DS SE B, 23 AE— RSN 5 d JE 4T
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FICS: B, 26 R B 9E 2 T RGOy 210 BREAIGELE R SRIIES ) UHPLC-MS/MS
80. 1% ~ 116.2% , RSD { [l Jy 0.2% ~ 6.6% . W Jrifith 36§y = Lo ¥ b 17 4M 07, B 0 2 45 5L 00

%3, F4,
®2 0MERSRELMEE BXRY OHREEER
SRR PR (pe/L) S IE 2 & IR e/ ke) FE R (e/ke)
AFB, 0.25 ~125 y =30.352 7x +1.332 3 0.997 0. 05 0.2
AFB, 0.25 ~125 y=9.899 7x +0.910 3 0.997 0.05 0.2
AFG, 0.25 ~125 y =13.683 6x +1.039 2 0.998 0.05 0.2
AFG, 0.25 ~ 125 y=6.464 8x+0.833 1 0.999 0. 05 0.2
AFM, 0.25 ~125 y =31.492 3x +3.470 2 0.997 0.25 0.8
AFM, 2.5 ~625 y =10.956 0x +5.918 5 0.997 0.5 1.6
OTA 0.25 ~125 y =12.827 7x -0.709 93 0.998 0. 05 0.2
OTB 0.25 ~125 y=13.987 9x +0.593 1 0.996 0. 05 0.2
oTC 1.25 ~625 y=6.182 1x-8.034 5 0.995 0. 05 0.2
FB, 6.25~3 125 y=2.289 8x+7.271 2 0.991 0.3 1.0
FB, 6.25 ~3 125 y=2.272 2x +1.464 3 0.997 0.3 1.0
FB, 1.25 ~625 y=3.6138x+2.716 9 0.991 0.3 1.0
DON 6.25~3 125 y=0.726 9x +1.059 1 0.993 5.0 12.5
T2 1.25 ~625 y =2.281 8x +1.630 6 0.999 0.6 2.0
HT-2 6.25 ~3 125 y=0.469 7x +1.294 9 0.998 6.25 20.0
ENN A 0.25 ~125 y=1.484 57x +5. 169 0 0.999 0. 05 0.2
ENN A, 0.25 ~125 y =1.435 89x +6. 309 4 0. 996 0.05 0.2
ENN B 0.25 ~125 y =0.720 6x +6.287 61 0.996 0. 05 0.2
ENN B, 0.25 ~ 125 y=1.030 5x+6.940 1 0.995 0. 05 0.2
CIT 0.25 ~125 y =0.790 6x -0.439 4 0.993 0.25 0.8
ZAN 0.25 ~125 y =3.460 4x - 1.787 4 0.999 0.25 0.8
ZEN 0.25 ~125 y =0.776 2x +3. 653 81 0.998 0. 05 0.2
a-ZAL 1.25 ~125 y=3.3733.6x+3.640 4 0.999 1.25 4.0
a-ZEL 0.25 ~ 125 y=2.382 1x+0.129 1 0.999 0.25 1.0
B-ZAL 2.5~125 y =4.824 0x +3.809 4 0.998 1.25 4.0
B-ZEL 0.25 ~125 y=0.757 9x +0.881 3 0.997 0.25 0.8
R3 6MEASERTE ERRMREME(n=06)
— RIS (% ) /RSDI) A 86 (iR (% ) /RSDr)
fie i i fie i i
AFB; 98.4/0.2 100.7/2.8 105.9/3.7 93.5/5.1 100.7/2.1 104.5/4.0
AFB, 97.9/4. 1 103.7/3.2 104.9/2.7 96.8/3.7 101. 1/4.7 103.2/2.8
AFG, 87.3/2.3 104.1/4.7 103.5/3.8 88.1/1.9 100. 6/5.3 101.8/3.2
AFG, 92.4/1.3 106.5/0. 8 100.0/4.0 92.9/5.0 101.6/3.2 97.9/6.0
AFM, 98.5/2.7 101.9/0.9 102.1/1.6 95.6/3.6 97.6/2.0 100.5/2. 4
AFM, 89.3/2.6 101.7/3.2 102.5/2.8 89.6/3.9 100. 6/2.9 101.6/3.2
OTA 94.5/1.6 108.6/2. 1 115.8/5.0 92.0/4.9 100.0/5. 6 110.0/4.9
OTB 100.3/3. 6 100. 1/3.9 106.7/0.7 96.3/4.3 98.1/3.3 100.5/5.7
oTC 99.9/0.3 101.2/5.2 110.0/2.7 99.0/3.7 97.6/4.7 107.2/4. 4
FB, 84.2/4.4 89.2/3.1 82.8/1. 1 85.2/6.3 81.2/2.7 81.9/3.6
FB, 83.5/4.4 89.5/2.3 81.1/1.3 83.7/6.0 86.4/4.4 83.3/4.9
FB; 89.3/3.9 84.5/3.9 83.3/4.1 84.0/4.9 81.0/4.0 80.6/4.3
DON 100.3/1.5 99.6/2. 1 101.3/1.9 96.8/2.2 99.6/3.1 99.1/1.9
T2 105.1/2.6 101.3/1.5 102.4/5.3 104.7/4.5 91.4/4.9 97.9/6.0
HT-2 105.2/0. 8 100.5/2. 4 112.8/2.0 102.0/2. 1 96.6/5. 1 106.4/3. 1
ENN A 104.2/2.9 98.5/1.7 113.7/2.1 100.9/4.7 95.9/3.2 109.7/5.3
ENN A, 102.0/3.5 99.0/1. 4 110.3/5.0 102.3/4.3 95.5/4.3 107.6/6.6
ENN B 92.9/4.17 97.8/2.1 91.3/2.6 87.7/5.3 95.8/3.8 98.1/5.3
ENN B, 100.7/2.6 95.2/1.7 86.0/4.5 94.9/4.8 91.7/2.0 96.4/5. 4
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GR3 6MHMERFERETE BN ERMBEME(n=6)
. H A28 (D% (% ) /RSDi) H [ADRS % B2 ([R5 (% ) /RSDr)
HEF#HR ~ -
i o = i CA =
CIT 116.2/5.0 108.3/4.9 105.3/4.0 106.4/5.3 105.3/4.3 100.4/5.7
ZAN 95.0/2.2 99.3/0.9 101.3/1.6 100.7/3.2 96.8/2.0 100.3/3. 4
ZEN 105.8/2.9 104.6/2.7 97.8/3.9 103.3/4.2 102.9/2.8 102.1/5.0
a-ZAL 104.5/3.6 107.0/4.9 102.9/1.7 103.2/4.6 100. 2/4.7 109.2/2.8
o-ZEL 84.4/4.7 97.720. 4 104.4/4. 3 82.0/5.0 100.2/4.2 101.0/3.2
B-ZAL 86.8/2.6 92.8/3.2 109.5/2.9 85.0/4.3 94.7/3.3 103.8/3.9
B-ZEL 100. 8/5. 1 109. 1/0. 4 110.9/3.2 100. 8/4.9 104.8/3.5 98.4/2.8
F4 =ZtHERRENER
Gy KMBEEEER| S5 KBRS R i K BHER ETRes Kb B R
P 01 - I 10 - = 01 - =H 10 -
JUPE 02 - JPE1L BRI E B:1. 1 pg/kg || =g 02 - =~ 11 -
7 03 - 7P 12 - ZH 03 BHREEER B, :0.9 neg/kg|| =12 -
775 04 - 7P 13 - ZHE 04 - 7 13 -
76 05 - It - =/ 05 - = 14 -
J7 74 06 - JUPE 1S - ZF 06 - =~ 15 -
775 07 - 775 16 - =07 - “H 16 -
77 08 - 7P 17 - ZH 08 - ZH 17 R B2:1.2 pgkg
7 09 - ] 7 18 - = 09 - =M 18 -
FE =T M ARK
3 itig R s A . S TG B R R E AT R
31 RWITHERFKNILSE  HRAERY U, R T TR LR T RN 2 R R

SEEE R, B A RDI s YR TR, ST S 1 B
HE, WHhELT R H LB FE R A —2K
HHFE R, BA R E BRI, 00 ™ 5 5
5, BRI AT , A Bl % 2 175 5 B o I ot A
ZENE e i AR R A SR
P, INEOEAE A K AR 2T e S R
aEUON TR KT R i EE MR K
EFHAEE , KRR B T A S B0, 3T BA FIx 5
WM REE T . FRE, T2 R HT2 & KD
KT R 4 T R ) P BTS2 312 I
FLEHAE R RS I Y o R [ A
25 A AR T A BRI RS R
AVEFER TR BRI B KON T AR ST A
AR R A
3.2 IBMBUE LML HARE RS EME
R, B 25 Sk, = LR TR, st
X 4 ol B 2 R T R T R AR
I3 b 2 FiBE R BT O, Bl 6 R E
K IR J A 2JS L TR B 2 AE ST R4, At 20 F
LRI B TR T R AR

TS A RS L T A L 2 R HLAH &
G, G5 BN IE B TR, LRGP i B T4
BT N R 5, &k B AR N R A

BEIR LR R B 3 BEAS U R R A0 P PR 2, i Y 7R
BRAERL AT (5 mmol/L) Hy B ) 7 5 L &%
MR . 25, 7R 0. 5% LA 2 mmol/L
FREZ T OU T , TR T 48 g v M 25 TE A T 38 20
FLRTE 2R I TR U8 I T R m] AR I
g A P (M + K] " AILM + Na ] "l 30195 T
IRIFI o BERCR . FEE TECT R i i 3l
FHBESGE VL | 76 PR LR 7> B RE AR T, 4 R Ut
Ji i ] e 2%, OE B 1R SUR 2 0.5% HT IR,
2 mmol/ L H PR 4 7R I ¥ S WY B A D it 3l 5 B
BT e KA S T B o

W T =R P AR 2 R AT RS R T
U, 4 BE BRI P Sa 2R TR FLA9] R K R 4T 2% ot
THCAI LB, RIS O G Tt BEAE BREE , BERE AT 2 73
PR BRI A
3.3 HiALERAALAL

H1 T IR i A EL IR o0 A 22 b AN [ AR 2K i
FRRE 2R , T 20 78 2 1 HOHL 1 7 2 [R] IR el 2 Jo
THC, LIS FIERG -4 (04 H 19, % i 2 fE g
PRI L T Y2 B AT B AL A, QuECh-
ERS J5 52— R L 1418 F B AT AL B 5 3%, 2003 4F
Fe s FHAE Z2 I AR 2 5% Bt AR I i Ak B 5325, 1205 1%
HAT P TR Bt AR 22 4 DAL Il
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P DG L, PR DAy i R I T R A D0 ) i AR B 5
B RHRBORI A AR T  BR HOY 20 AR IO
70 AL SEORL I 2 5 AIIE FE ATk R A DA
3.3.1 PO WHLIRIOr 2 M SR IGE i)
BAERGE Mo P BGE A, i T B R 5 4l [
i BAE 2GR i 5 N ER, BT R T A1 R
I, m] pRE ik 2 58 4 S UK H Y
3.3.2 RBUATILAL  HECT SHEFIEE 2 Fom
FHTUSLIGE R, TP REAR RS T L HA B BT R
1M L5 BAT AP e PR, al LGRS R IO Z g 117 |
EREIR, H O RBGSCR T4, IR L 1R
N PRIBEE

PRI 7 R PR SRR KRR R
RIS R BAT RS, KV PR, Xl R AR
Mo WHLOHRRGERIERMF T, ERHERERD
[ ARAE T 10% o 5 O 550 R A AR R 14 07
A R HARE T, M e e . il XA R
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