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Abstract: Objective: An analytical method was established for the determination of 16 mycotoxins in traditional Chinese
medicines (TCM) by isotope labeling-ultra performance liquid chromatography tandem mass spectrometry (UPLC-
MS/MS), and 483 medicinal and edible homologous samples from the markets were detected using this method. Method:
The samples were extracted with acetonitrile-water (50/50, V/V), and then purified by the MycoSpin™ 400 multifunction
clean-up columns. Then the samples were detected and confirmed by UPLC-MS/MS, and quantified by isotope labeled
internal standards. Rapid separation of 16 mycotoxins was successfully achieved on an Acquity UPLC BEH C,,

column( 100 mmx2.1 mm, 1.7 pm) with gradient elution. Simultaneous acquisition was performed in multiple reaction
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monitoring (MRM) mode with electrospray ionization (ESI) source operated in both positive and negative ionization modes.

Result: The established method provided good linearities for the 16 mycotoxins within their respective linear ranges with

high correlation coefficients (R>0.998), and the detection limits of this method were 0.1~4.0 pug/kg. The average recoveries
of the 16 mycotoxins ranged from 83.4% to 102.3% at the three spiked levels, and the relative standard deviations (RSD,

n=6) were in the range of 2.08%~13.6%. In the detection of 483 actual samples, 10 mycotoxins were detected, and the other

6 mycotoxins were not detected. The toxin compound with the highest detection rate was zearalenone (ZEN), with an

average content of positive samples 71.2 ng/kg, and 3.11% of the samples exceeded the reference limit specified in the

national food safety standard. Conclusion: This method used isotope dilution and multifunction clean-up columns to purify

the samples, which reduced the matrix interference in the medicinal and edible homologous samples. The detection limits

could meet the requirement of methods. The method was accurate and rapid, and could be used for the detection and

analysis of multi residues of mycotoxins in a large number of samples.

Key words: medicine and food homology; traditional Chinese medicine (TCM); mycotoxins; ultra performance-liquid

chromatography tandem mass spectrometry (UPLC-MS/MS); isotope labeling
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AFB,: 0.500 pg/mL. AFG,: 2.02 pg/mL. AFG,:
0.503 pg/mL) . HT-2 # % (HT-2, 100.4 pg/mL) . T-2
#FEAR(T-2,100.1 pg/mL) fREEEER B, (FB,,50.0 pg/mL ).
R 532 B,(FB,, 50.2 ng/mL) . {k 5 #: % B,(FB,,
50.2 pg/mL) . E K IR EE M (ZEN, 100.0 pg/mL) |
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T 425 S B ) B T2(15-ADON, 100.1 pg/mL) | Fus
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(®C,,-AFG, 0.501 pg/mL) | "°C,,-# i % 8 £ -G,
(*C,,-AFG,,0.501 pg/mL). *C,,-T-2 53 (°C,,-T-2,
25.2pg/mL), PC,,-HT-2 #R(°C,,-HT-2,25.5 pg/mL),
BC R G5 E B, (°Cy,-FBy, 25.2 pg/mL) | PCy -1k
hF#EFE B,(PCy,-FB,, 10.10 pg/mL) | PCy R 82
B,(*C,,-FB,, 10.02 pg/mL) | "°C, ¢~ 2K ik 55 47 Fil
( PC¢-ZEN, 252 pg/mL) . “C,-#f Il 5 # &



- 270 - £ Tl B4

20224 5 H

A(PC,-OTA, 10.04 pg/mL) , PC,-3-Z W FLWE A TS
J&5 i 0 T M B (°C,,-3ADON, 25.0 pg/mL) . PC, -
15- 2. Pk 5 156 420 =5 T3 #ik J0 TR1 s 1 (°C,-15ADON,
10.3 pg/mL) ¥ H Romer Biopure 2\ F]
Acquity UPLC I CLASS M 25 2 W AH (0 1% 43
XEVO-TQS HRERFTIEY, Bl Fmiss 25U (ESD)
2 [E Waters 2\ H); VORTEX GENIE2 % IR 5 8%
& [E Scientific Industries 2 7l ; Millipore—Q #H 4] 7K
F4t  Z2E Millipore 23 F]l; CR21IN USSR ES L
HL H A Hitachi 2 #]; Multi Reax(EU) IR A IR ST 8%
1% [E heidolph 2% 7], MycoSpin™ 400 £ 2 E 4+ik
¥ 2£[E Romer Labs 22 ]; ZM 200 i 25045 1R AF
BB FEE Retsch 22 H]; KQS5200E i 75 I BEd
B LT A S A S BR A
1.2 ZWHE
1.2.1 IBEARAERWIECH]  AERR S BRI S
i, FH BRI ES, HiHil B DON. 3-ADON., 15-
ADON, NIV, T-2, HT-2, ZEN . FuX ¥ 2 ng/mL,
AFB, . AFG, 0.8 ng/mL,AFB, . AFG, H0.2 ng/mL,
FB,. FB,. FB;. OTA & 1.0 ug/mL [ ¥R A5 r fE
Y, FH S TS S 56 Fn i) B8 s v SR AN, —20 °C
WS TR -
TRA TR 22 RS TR B il - 43S vE T RS B A5 T
5 BARE I, A ZNE-7K(10/90, V/V ) IERR BT E
ZXZE 25.0 mL, Bl 1% '°C,s-DON, PC,5-NIV, PCq-
ZEN. "C,;-3ADON, "“C;-15ADON ¥ J& &
250 ng/mL, '*C,,-AFB,. '>C,,-AFB,. "*C,,-AFG,.
3C,,-AFG, & 10.0 ng/mL, “C;,-FB,. "“C,,-FB,.
13C,,-FB;. C,,-HT-2 ¥ J¥ >4 100 ng/mL, *C,,-T-2
24 50 ng/mL, PC,,-OTA ¥k 20 ng/mL 1 NARIE
BRI, —20 C # A TR -
1.2.2 FRARETALBE  S3PREASE b S 2O A RS
B A4 2] (50 B b0, FREL 2.0 g K56 % 0.01 g)
B SERESE T 50 mL B0, #ERRIIA 10 mL 2,
-7k (50:50, V/V), iRfigiR 5] )5, 120 60 min, Z ik
A HEE 30 min, 10000 r/min ZE 75 F 5.0 5 min,
e B 1.0 mL B3, LA 50 uL Z.BR, #5100 pL
AR, IR G35, IR &6 W A MycoSpin™
400 ZEEFE P, WHE 2 min, HER-SEEH R
FEATIRE], FTH AR RER R O, BT W RS
dr, I T 10000 r/min B0 1 min, B35
0.22 pm JEML, _EAUREM
1.2.3 @ik 51k Acquity UPLC BEH C,, & f+
(100 mmx2.1 mm, 1.7 pm, 3& [E Waters 23 &) ); #H15
40 °C; Wit 0.3 mL/min; #FFEEN 2 pls ESIHEE: it
BNHH A: 0.2% ZUKEWR, st B: LI, B TER
J¥: 0 min, #E1HH B: 2%; 0~4.0 min, Jish4H B: 2%~
20%; 4.0~5.5 min, Ji3FH B: 20%; 5.5~5.6 min, i3l
FH B: 20%~100%; 5.6~6.2 min, ¥ 31 #H B: 100%;
6.2~6.5 min, 3N FH B: 100%~2%., ESI#=: 3

FH A: 0.1% /KIS, WishAH B: ZNE+HEE(50/50,
V/V), 6 BE ¥R IR AR : 0 min, ¥ 3140 B: 10%; 0~
1.0 min, ¥ 8140 B: 10%~30%; 1.0~3.0 min, i 31 #H
B: 30%~40%; 3.0~5.0 min, sl B: 40%~70%; 5.0~
7.0 min, FiRaIAH B: 70%; 7.0~7.2 min, FishtH B: 70%~
100%; 7.2~7.7 min, {84 B: 100%; 7.7~8.0 min, it
ShAH B: 100%~10%.

1.2.4 JEIEESAE Ky = 2 s WS (MRMD)
ESI HirCE., s, sTIEEN 150 °C,
FHEFNVRIREE : 400 °C; HEFLS MRS HLER: 150 L/h; 25
VEFIAIH: 800 L/h; ESIRE FBAIE BN 3.5k V,
ESIEL N B4HE LR 2.0 kV; 16 FRELEEEEER M
PRSP S L3R 1,

F 1 16 FE R R XN R R AR BEE S 5

Table 1 Optimized mass spectrometry parameters of 16
mycotoxins and their corresponding isotopic internal standards

PREAmsE] ESIBE BT TRIT HELHIE RERERER

et (min) 7 (m/z) (m/z) (V) (eV)
AFB, 439  ESI" 313 285,241 37 22,34
AFB, 409  ESI' 315 287,259 42 24,28
AFG, 390  ESI' 329 243,200 36 26, 40
AFG, 354  EBSI" 331 313,245 36 26,28
FB, 557  ESI* 722 334,352 42 38,38
FB, 6.70  ESI' 706 336,318 40 36, 34
FB, 6.17  ESI' 706 336,318 40 36, 34
HT-2 521  ESI' 425 2637,245 15 12,12
T-2 577  ESI' 484 305,185 15 12,20
OTA 599  ESI' 404 239,221 44 22,34
DON 324 ESI 295 265,138 24 12, 12
NIV 250  ESI' 311 281,191 15 10, 20
ZEN 5.53 ESI" 317 175,131 16 22,28
FuX 422 ESI 353 263,187 18 10, 22
3-ADON 5.52 ESI" 337 307,173 17 10, 10
15-ADON 547  ESI' 337 150,219 36 22,10
BC-AFB, 439  ESI" 330 301 37 20
BCi-AFB, 409  ESI' 332 303 42 24
BC-AFG, 390  ESI' 346 257 36 28
BC-AFG, 354  ESI' 348 330 36 24
“Cy-FB, 557  ESI" 756 356 42 38
BCyFB, 670  ESI" 740 358 40 32
BCy-FB; 617  ESI' 740 358 40 32
BC,-HT-2 521 ESI' 447 278 15 13
BCyT-2 577  ESI" 508 322 15 15
BC,-OTA 599  ESI' 424 250 50 2
BCeNIV 250  EST 326 295 15 12
BCs-DON 324  ESI' 310 279 16 10
“Crr 5.52 ESI 354 323 17 8
3ADON
“Crr 5.47 ESI 354 158 18 2
15ADON :
PC¢ZEN 553  ESI' 335 185 16 24

T =BT
1.2.5 Jriksfadss
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HX 16 Fh B 7 IR A AR E R WGE a1, H 2 -K
(10/90, V/V) % R L H a3 246 BEVR G AR (AFB,
AFG, & 0.32, 0.8, 2. 4, 8, 20, 40, 80 ng/mL;
AFB,. AFG, N 0.08, 0.2, 0.5, 1.0, 2.0, 5.0, 10,
20 ng/mL; FB,. FB,. FB;. OTA & 0.4. 1.0, 2.5,
5.0. 10, 25, 50, 100 ng/mL; H A TFEE W )FE M 0.8,
2.0, 5.0, 10. 20. 50. 100, 200 ng/mL), HZ 1.0 mL &
EHRUE, T 50 uL Z1R, 100 uL 1B-& G 2 AR
W, RBEIR A S 0.22 um ENE, UG, DIAR[E
L 1945 E iy it 06 T FR -5 DR PR AR igs T RR LU ABLX 7
FHR A R R B A TR R [T, e hilbRvEdh 2k, $eRE
“AHEMELL(3 S/ND AT R, 10 551 ER(10 S/N)
e ERR .
1.2.5.2 fnm ISR OR8N RS . W
25 XGNE | ARES 4 FRELTTAS IR, SR in AR, b
= AR S ARER R, B IIBR K31 T 6 I
SPATIN R, #E IR 1.2.2 ik A TR AL B, WRAH (AL 5
TR A3, AR S5 3 = bRk R Y
[N A HARX R 2E, LAIS UE 7 L pvERf P
1.3 B

SR AR T 3, W Waters Masslynx %
ZRHCE TAER RG U T ER R AL B, I3 Excel
2010 HATEAESTHT S
2 HRE5ESH
2.1 RIERHHLK

Bt 16 FhELHTEEZ LIS 15 FhIEMAL 2R ARSI
ZNE-7K(10/90, V/V ) Hi BEBL il il Bk B2 AR
W (50~100 ng/mL), FHIR BN ST BRI AT,
MR B e & Y5 F k24 BB 5T, DON., 3-
ADON, 15-ADON. NIV, ZEN, FuX R {1 5 745
., AFB,. AFB,. AFG,. AFG,. FB,. FB,. FB,.
HT-2. T-2. OTA RHIE & T, X tb a9 =
PIPREEEE T FES T 4EFLHER . b RE A maiig
SR, RS B 2 L3R 1. AT IE
T T R B3 SRR 00 R, AR 7R H
IE . BB RIS =A% B fb &t millie o
22 BIESBEFHMRK

PRAC T % S5 T, AT WO (U 43 B R
fbo FRBhAHA AT th 23 i H AR b &9 i e
70, DA R LB AR R I X503 . 28 [5e) SCiik
LR ARSI 5 FE5FRE, ARS8 b T
FR . SR ST AL S 20 « W shiAl &
GErZH AR, G5 R A, AR T, siEA YU
K 2, AKART A 0.2% 2K, AR TAe&
FAES 1, 0T LIS 248 = ARSI 2 f03 s 414 43
B, WMUREE T LNE-0.2% Z/KAE M i shAH .
TEIE S FALECT, Wi HRAHFIIA 0.1% g, &
HIAER A EE- G (1+ DR T, 25 Binfb G535
BEM R PUE A, JfmE s AR EE G, 25 HAnib
G BB AT 43S, USRI R4, B 1
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Fig.1 Total ion chromatogram of 16 mycotoxins standard
solutions and their internal standards
TE: (A)IER 7, (B) i T, 1~16 73 %l 4 AFB,,
AFB,. AFG,. AFG,. OTA. HT-2, T-2. FB,;. FB,. FB,.
DON. NIV, ZEN, FuX. 15-ADON, 3-ADON,
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16 FhECPERE R AR ARSI ARSI .
2.3 HERAELEHRTRIL

2y [ 25 A4 BL T L AR S 2%, i T REAE TE G4
FYEBR TP, BEARIEBUSUN , ASSEH XA i i i L
FAFHAT THOUAR, T 2R R R R AT B AT
Z%, FERT RS, AT A B 2R R S AN BB A 55 AR I Y
16 FPREZR, AS S0 LR P <4 6 B PG il i BT A v TS
W EF X Mycosep226 i+ 4k £ . Oasis HLB 4 Fll
MycoSpin™ 400 £ Z LA HEFT T Ehfe, a5 5 an
Kl 2 r7s o Mycosep226 Ak F1 Oasis HLB 415+
AERCRAERAE, XF ZEN | AR S35 245 10 ISR .
K AS 9236 5% F MycoSpin™ 400 22385 2 b AT
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Fig.2 Effect of different purification methods on recovery
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Table 2 Linear equations, correlation coefficients, linear ranges, detection limits and quantification limits of 16 mycotoxins

&Y EVEpxS FEREL 23 Fl (ng/mL) Ko HBR (ng/kg) PR (pg/kg)
NIV Y=0.87017X+0.05828 0.9996 0.8~200 1.0 3.0
DON Y=0.72452X+0.09469 0.9993 0.8~200 1.0 3.0
FuX Y=0.52496X+0.001116 0.9987 0.8~200 1.0 3.0

3-ADON Y=0.90041X+0.09749 0.9999 0.8~200 2.0 5.0
15-ADON Y=0.41902X-0.16736 0.9980 0.8~200 2.0 5.0
ZEN Y=0.83662X+0.17959 0.9999 0.8~200 1.0 3.0
AFB,; Y=0.55309X—0.04670 0.9993 0.32~80 0.1 0.3
AFB, Y=0.70547X+0.001443 0.9998 0.08~20 0.1 0.3
AFG, Y=0.57448X-0.001124 0.9994 0.32~80 0.1 0.3
AFG, Y=0.54956X-0.002338 0.9995 0.08~20 0.1 0.3
HT-2 Y=0.74764X-0.21247 0.9991 0.8~200 4.0 10.0
T-2 Y=1.41774X+0.27895 0.9994 0.8~200 1.0 3.0
OTA Y=0.64432X+0.001528 0.9990 0.4~100 0.5 1.5
FB, Y=0.53930X+0.55478 0.9988 0.4~100 4.0 10.0
FB, Y=0.39603X+0.53130 0.9991 0.4~100 4.0 10.0
FB; Y=0.28763X+0.43231 0.9993 0.4~100 4.0 10.0
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Table 3 Results of test for precision and recovery(n=6)
o A (ug/L) - JITESS) XN 4 R
[l (%) RSD(%) [l (%) RSD(%) [l (%) RSD(%) FI#E(%)  RSD(%)

10 94.4 10.2 92.4 7.02 93.2 10.4 94.3 9.23
NIV 50 96.6 6.45 93.9 10.0 96.4 6.42 94.8 6.35
200 97.1 6.61 93.9 8.24 97.5 3.44 93.4 7.33
10 102.3 9.82 93.6 5.52 96.6 4.78 93.5 9.48
DON 50 96.6 6.69 99.9 4.92 101.0 2.30 96.6 6.91
200 97.0 5.19 101.1 2.89 99.2 4.32 93.3 8.16
10 96.2 13.6 83.7 4.95 101.2 12.3 92.3 8.98
FuX 50 88.3 10.1 92.8 9.34 98.2 3.53 101.0 2.74
200 95.7 6.23 87.6 7.10 88.1 6.72 90.5 10.8
10 96.7 11.7 94.5 6.24 95.8 10.2 92.2 9.44
3ADON 50 96.5 6.23 100.9 2.08 97.5 4.70 99.1 3.20
200 96.1 5.14 92.0 11.4 94.8 7.99 98.3 6.36
10 95.8 13.4 83.4 6.89 102.0 8.45 90.9 9.70
15ADON 50 95.2 5.74 93.0 9.74 94.2 9.94 94.2 9.64
200 98.8 6.12 96.0 9.88 93.6 8.75 93.0 11.2
10 92.2 10.1 95.4 9.63 97.8 5.16 92.2 9.12
ZEN 50 101.2 5.05 97.7 4.38 91.8 9.55 98.6 2.68
200 96.6 3.75 95.8 5.47 97.5 3.16 93.3 10.2
4 94.8 9.29 95.5 6.98 95.8 5.53 95.7 7.86
AFB, 20 96.0 8.39 97.0 5.09 92.9 6.54 94.7 6.60
80 99.3 2.40 96.1 6.30 96.7 5.69 94.1 7.79
1 98.0 12.3 93.7 8.72 93.5 8.02 93.0 9.55
AFB, 5 98.6 4.66 96.6 6.38 97.7 3.37 94.6 6.48
20 93.8 10.8 94.6 9.74 94.8 9.11 91.7 9.61
4 94.2 13.5 95.8 6.83 93.5 8.67 95.9 5.64
AFG, 20 94.6 10.5 94.4 8.34 92.7 8.50 94.8 6.37
80 95.3 8.10 97.3 4.49 97.4 4.15 95.0 7.99
1 90.3 11.4 91.5 9.52 92.8 7.93 92.8 8.76
AFG, 5 96.8 6.45 95.8 5.92 97.2 3.27 94.6 7.42
20 94.8 8.71 94.9 8.06 97.8 7.24 94.8 8.25
5 95.3 9.64 94.2 7.00 98.4 3.16 94.4 6.96
FB, 25 91.9 10.8 95.3 5.65 93.5 10.3 94.5 7.31
100 92.2 8.03 96.6 7.93 94.7 7.26 94.9 8.94
5 92.8 10.9 94.4 6.89 93.2 7.51 91.9 7.08
FB, 25 94.2 10.2 96.8 8.66 93.9 11.9 95.8 7.34
100 92.2 11.0 93.8 10.7 90.1 12.4 92.2 10.3
5 93.2 9.06 92.7 7.95 93.9 6.53 98.2 3.51
FB; 25 93.1 9.44 95.6 7.19 89.6 8.22 96.4 7.19
100 94.5 7.38 95.8 7.06 90.9 10.0 100.5 3.75
10 93.6 8.06 96.6 6.51 94.4 9.42 93.8 8.44
HT-2 50 98.5 4.27 101.5 2.16 93.8 8.42 92.2 8.94
200 99.1 3.85 101.4 3.31 89.4 9.14 93.9 8.79
10 93.1 7.31 95.4 7.04 92.6 10.5 93.8 11.6
T-2 50 97.2 6.44 102.0 4.26 91.2 9.04 95.9 6.33
200 95.9 9.84 97.8 4.65 92.4 5.85 93.5 4.87
5 95.3 12.4 100.5 2.66 92.8 7.81 95.4 7.48
OTA 25 99.7 4.31 95.6 8.70 96.7 7.41 95.1 6.74
100 98.6 8.92 92.5 9.05 94.3 8.15 98.4 9.59

) RGBS, BN 3 e EE K- BB KR
BARMER I, YR SR T I T BEI R, B ESINK
SEPATINRE 6 15y, BT ISR S EIE, 45
WL 3. ANEETRE S 16 FhELEE T s EDkceE
T8 83.4%~102.3%, A X5 i 22 (RSD, n=6)
SR 2.08%~13.6%. UEBH 77k MR SoRE % R AT
2.7  SERREE AT

FH B g7 i 7 v, SRAE T B 24 1 [R) IR AE
483 1y, CLFE R SCRPFIS2G0F 340 o3, M M AR ZE252))

H

>

B 95 6y, SIS 25kF 32 10, 52544 16 157,
o, B AR HH A R L PR TR R 1 T AR R
DL 4, MG Y BHMERE S, 77 465, M H 3R 15.9%, Hiry,
SRR 2GRS RN 16.8%, SIS 25 444G H
R 34.4%, iR MARZEIHKGH R 9.47%., KB iEEEFZE
I 2 R, Horh, B ARRR 6 FhEE
2=, IR 5 FhEEER; JLURNG NG, B /S IR
4 FhEEER . FEEA I REGE 2R 43 SR AR AR
(4/4, K AL R /SHAER) . BB (10/11) | XN 4=



274 - 5 Tk BB 2022 4F 5 H
F 4 HEBEERTHELAHE
Table 4 Mean values and detection rates of mycotoxins
BN DON ZEN AFB, AFB, AFG, OTA FB, FB, FB, NIV
FEE (ng/kg) 529 71.2 9.9 3.9 0.9 45 189.5 455 21.5 109.1
R (%) 4.8 7.9 2.1 0.4 0.2 0.4 5.8 5.6 3.9 2.7

TE: P PR 2R R A1

(11/13) . RAZF(7/14) FIBA—(4/9), Horp, ZEBUR T
IR A <5 g BEAPAEASE ity PP EAT G KRR R R (ZEND
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