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The First legislation to protect the detection of mycotoxins in
Lingnan traditional Chinese medicine by LC-MS/MS’

HU Jia—zhe, CHEN Qiao, CAO Ya-jing, HE Jia—wen, LAl Yu—hong, YANG Zhi-ye

( Guangdong Institute for Drug Control, Guangzhou 510663, China )

Abstract Objective: To establish an isotope labeling—high performance liquid chromatography—tandem mass
spectrometry ( LC-MS/MS ) method for simultaneous determination of multiple residues of eight mycotoxins in
traditional Chinese medicines. Methods: The method was used to analyze the mycotoxin contamination in the
first batch of eight Lingnan traditional Chinese medicines under legislative protection. Samples were extracted by
methanol—formic acid—water ( 79 : 1 : 20 ), diluted and filtered properly. The separation of 8 mycotoxins was carried
out a Thermo Hypersil GOLD chromatographic column, using 0.1% formic acid acetonitrile—0.1% formic acid
solution, and determined in positive and negative electro—spray ionization mode. The isotope internal standards were

employed for quantification. Results: Under the optimized conditions, the calibration curve showed good linearity in
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ranged from 0.33 pg - L™ to 500 pg L™ with correlation coefficients greater than 0.999 0. The limits of detection

(LODs ) were 0.1-5.0 pg - kg™'. The recoveries of 8 mycotoxins at three levels were in the range of 80.3%—
108.8%, the relative standand deviation ( RSDs ) were 0.109%-9.6%. 108 batches of Chinese herbal medicines were
detected, the detection rate was 16.7%, the detection content was 1.0-99.4 g - kg_l. Conclusion: This method

is suitable for simultaneous detection of mycotoxins in traditional Chinese medicines. There are some mycotoxin

residues in the first batch of legislation to protect traditional Chinese medicines, which have certain health risks

and should arouse attention.

Keywords: legislative protection; traditional Chinese medicines ; mycotoxins ; residues ; contamination; HPLC-M S/MS
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TR b 2561 b B R e T e
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YA, BETT WY, 2 T B R TS e
i, T HOE AFs KRR . B %D K 130 14
T2 AR R B R B L R 43 0, K Rl
33%; RAEF I RTIT T 26 W 25 b i B i A R R,
T i % 5 £ B, (aflatoxin B,, AFB, ) Fl &% ph % 2 £ B,
(‘aflatoxin B,, AFB, ) 5/ Kt 7 873 71 46.99 pg - kg™
F147.80 pg - kg5 B I, Amal 255 75 YRR BT HE A1
FEAY 50 A PURERE AL Y, 529 BORE S I gL T i A R
14 55 il 2% ; Katere 25 % B AT 5 B 5 14 16 P 2h
MREARTEAT 34T, KRB 15 ARESh B INE S5 5
V54, 13 DEEARK AR B3 %K B, (fumarine B,, FB, ) ;
Gray 25" T FEAR PRI NS FUPES PG B oK RS
Y7l ( zearalenone , ZEN ), Hrt NS b ) By i &R
117 mg - kg™, FIEES PR SRR 2.6 mg - ke
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ek BB ek R R AR R R Y, S
T 092 S ) A B e R RN 108 e R 2
UTAE I HT 4 10 B 75 R A IR AR Bk
52 AR (TLC) W) 080 8 i 1
(HPLC)" "™ S ik (GC)M 7, LI R (i
JR SIS (LC-MS ) 720 4 ARSCR M (4
B — BRI TRE (LC-MS/MS ) ¥, High & 7 (035 A1 i
T LS, LA R R L A R S R Y
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1 UE5RH

LC-20ADXR 15 2% #& #H {5 315 {X ( SHIMADZU 23
] ) 3 Triple Quad5500 5% B¢ = 5 UM AT BT 3E AL ( ABI
INE] ) XIR S AR O L ( Thermo Fisher Scientific
25w ) Milli-Q #4fi/K 2% ( Millipore 227 ).

A 7 R IR SR EIR (AFB, . AFB, ., AFG, , AFG,,
WeREAR YN 1.07.033.,1.06.0.32 mg * L' X SIGMA A ] ).
T KRB ( ZEN, N 50 mg - L7 X SIGMA 4] ),
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ANFDAREEEER B, (FB, M S0mg - L' ) (MANHAGE
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2.1 LC-MS/MS %A%

2.1.1 1C RS Thermo Hypersil GOLD ( 1.9 pum, 100 mm x
2.1 mm ) (384 A 40 °C; WshHH A R 0.1% HIR -
K, FSA B A 0.1% R — £, 36 3 Ve i (0.00~
1.00 min, 10%B; 1~6.00 min, 10%B — 70%B; 6~6.50 min,
70%B — 95%B; 6.50~7.50 min, 95%B — 99%B;
7.5~10.0 min, 99%B; 10.0~11.00, 99%B — 10%B ) ;

Pk 0.3 mL - min”'; HEREIREL 5 plL,

212 BTG R ESLE £, IE . 5 [F]
Af 9 9 M 22 e v W I ( multiple reaction monitoring,
MRM ) ; BANEHLE 3.5 kV; S5 % L 650 V;
Bl A8 O s B IR 115 °C 5 B 0] il &
400 °C ; B ¥ M AU 5 S00 Lo bty HE LA B
S50L-h™' WA BESEUOLE 1.

®1 SHEESER 4 MERMLEARHRIESTSH

Tab.1 MS/MS parameters of 8 mycotoxins and 4 isotopic internal standards

. L=y By R LHEHE filf 42 P
LA (compound ) tr/min o

(Tonization mode ) ('parent ) m/z ( daughter ) m/z (DP)/V (CE)/V

AFB, 5.57 ESI* 313.0 241.1°269.1 151.6/157.6 51.6/43.3

AFB, 5.34 ESI* 315.1 259.27/287.2 152.7/158.9 37.7/36.2

AFG, 532 ESI* 329.0 243.0'/215.0 45.3/55.9 36.3/45.8

AFG, 5.10 ESI* 331.1 245.2°/257.1 122.1/122.0 39.0/41.7

FB, 5.78 ESI* 722.4 334.5'/352.4 109.8/93.9 51.1/49.0

OTA 7.19 ESI* 404.2 358.3'/239.1 117.2/118.9 16.3/34.6

ST 7.36 ESI* 325.0 310.2'/281.1 93.0/130.0 34.2/47.0
ZEN 7.21 ESI” 317.1 175.0/131.1 -196.8/-184.7 -30.8/-34.3

BC-AFB1 5.55 ESI* 330.2 301.17/255.2 107.1/130.0 31.0/47.0

“C-FBI1 5.76 ESI* 756.6 374.4'1356.3 100.0/100.0 33.0/42.0

BC-0TA 7.18 ESI* 424.0 250.0/232.0 117.0/117.0 25.0/37.0
BC-ZEN 7.21 ESI” 3352 184.9'/140.0 -56.7/-69.8 -34.2/-40.0

A (note ): * EHE T ( quantitative ion )
2.2 IFWEYECHI BRI A

221 ARETAER  HE WG &R IR S i
¥ 1.0 mL 1 FB,,OTA ST, ZEN #5 #fE ¥ 4% 1.0 mL,
A3 E TAFER 10 mL i, 230 3 OISR 2 2
BE IR, RIS AFB,  AFB, . AFG, . ARG, B9 B 73 5 0
107.33.106.32 ng* mL™"  FB, FHEHEH 5.0 ng - mL™
OTA it £ ¥ % 5 1.0 ng - mL™"' ST i & ¥k J¥ Ny
5.0 ng » mL™" IBRIE TAER
222 WNIRAWR

Ay 9K %% W2 B PC,—FB, | "Cy—OTA | *C—ZEN
Pr fE W 1.0 mL 4% 18 T [7] — 10 mL 2 i, FH &
R 20 2, IR A), RIS B9 B 2.55 pg - mL!
BCy—FB, . # JE 4 1.00 pug - mL™" "C,i—OTA Fil ¥ B Ky
2.51 pg - mL™" PC~ZEN B9 R BE AR TAEW. 4
HIAE B H - 7K - 25 (80:20) iR AR TAE WK
PCy=FB, 1.0 mL. "C,—OTA 1.6 mL. "C,.~ZEN 1.6 mL
B bR TAERCE T 6 — 10 mL 24, i 0.2% H
A R 2 Lk, B S AR E 04 pg-mL™ P Cy-
FB,.0.1 ug* mL™" "C,—OTA . 0.4 pg - mL"'"°C,,—ZEN &

S |

2.3 FEAATAEETS

K 25 AR B g 25 41, BF 40, 8 K ok 4 50, &
F 10mL &0 4 i A 4mL B9 B - HOR - K
(79:1:20), & i 8y K 43 W4 57, 3 I 5 pL (1)
PC,—AFB, 1 100 pL AR A PIARIE A, 1R E TR 2
2 min, BRI ( )3 300 W, 4% 40 kHz ) 20 min,
SRIGTE 10 000 v+ min™' %3 T 2.0 10 min, HEFIFS
BRI 1 mL BT 2 mL B0, 78 40 C F A
ST AT - 7K (80 :20) 500 pl B, 78431
B AR . 3 0.22 um JERE, B0,

RS BRI 1 g BIME 25 R0 i OO 10 A4~ Hiu T4k
By R 2 A i A O vk R A A, 25 SR 1 S Bk
HIRERD ), [R5 BRI R
3 Z£REITE
3.1 JrikfEEsg
3.1 MYERARI IR SRATHEE - K (80:20)
V85 VB o R S R R B R B B M R B, BV AFB,
AFG, . OTA RFIWEH 1.2.5.10.25.50.100 pg - L,
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FB,.ST.ZEN RF|#kJE R 5.10.25.50.125.,250,
500 pg - L', AFB,. AFG, R8I E 4 0.33.0.66 .
1.67.3.33.8.33.16.67.33.33 ug - L', ¥ IR & N ARIA
e 13

7 "C-AFB, . "C-FB,. " "C-0TA . "C-ZEN HY Jfi & %
BE 4y B B M 2.5.20.5.20 pg - L' 4217 TR

SEYG AT AT, AU L AR AR , % B g T AR
55 AR LU AR, REAT ANk [ 35, s
REABIIRT 0.999, KRR RAF, LIARIEH R i
MOAZ I FRFIE RS (5 L SIN = 3 XERRAGI T
BRI 2,

®2 STHEREFSRLMWEEMEN TR
Tab. 2 Linear relationship, LODs of 8 mycotoxins

lto=g?] e e Kl R (LOD )/
(. compound ) (linear equation ) (linear range )/ (pg- L") ' (pg-kgt)

AFB, ¥=0.314 0X+0.050 00 1~100 0.999 9 0.1
AFB, Y=0.143 0X+0.102 0 0.33~33.3 0.999 4 0.1
AFG, ¥=0.136 0X-0.089 00 1~100 0.999 6 0.1
AFG, ¥=0.094 00X+0.099 00 0.33~33.3 0.999 0 0.1

FB, ¥=0.042 00X-0.174 0 5~250 0.999 1 5.0

OTA ¥=0.225 0X-0.533 0 1~100 0.998 8 0.2

ST Y=1.282X+2.013 5~250 0.999 7 0.1

ZEN ¥=0.030 00X+0.031 00 1~100 0.999 7 0.4

3.2 iR TR AR

FEPAC I SEI0 A1, AR S v £ ], 14
I B 3 KRS I, B K i 43 )
1T 6 YOTATSLES 4 “2.27 TR J7r b3, 7S 3 Nk
FEAKOE 3, S RS R 45 SR RSD 4k 3 i, 8
Tih L T 25 2 1 A1 A 80.3%~108.8% 2 1], RSD 1E
0.109%~9.6% 2 [8], [R10 % Kot 2% BE A5 B HAE

*x3 SHEBEFHEMDEUZERK RSD

Tab.3 Recoveries and RSDs of 8 mycotoxins

N AR Wk N
HED gded)r Cound)) e RSD/%
( compound ) o o (recovery ) /%
(pg-L)  (pg-L™)
AFB, 5 493 98.5 5.4
10 10.02 100.2 3.5
20 18.58 92.9 0.10
AFB, 1.5 1.47 98.2 5.9
3 2.98 99.4 0.70
7.5 6.91 92.2 2.0
AFG, 5 4.86 97.3 4.7
10 9.87 98.7 0.70
20 19.2 96.0 0.20
AFG, 1.5 1.45 96.7 9.7
3 2.87 95.8 6.6
7.5 7.25 96.6 7.2
FB, 25 22.48 89.9 39
50 40.16 80.3 2.2
100 98.76 98.8 1.2
OTA 5 5.31 106.2 1.4
10 9.98 99.8 0.40
20 19.18 95.9 1.3
ST 25 27.21 108.8 5.1
50 49.05 98.1 2.7
100 103.22 103.2 0.90
ZEN 25 25.10 100.4 3.3
50 46.70 93.4 1.6
100 102.24 102.2 6.3
RCARE Y

3.1.3  HLE

T S o s ) Ty vk R E A 2R (1) W
Bonfiglio ST ) H?Eﬁﬁé?f[z” ;(2) Matusze—wski
SEPR R A BRIBUR ARk 2, b (1) R —Fh e
PRI R P ) T A 5 TR A A R AN A i (LR
ROBRTCIE AT STl 5( 2) el LB bR i I
JERTINBRZS P A5 1R B 2R A g {8, AN AT
PAIEAT R PE A3 AT , 10 HL AT DAE &4 B H 35 o R 1Y)
S A (SSE ), 24 SSE {H7E 80%~120% Z [A] I, 7] A
SR JTRIN X L R BE 2R ARSI A5 SR EZ IR K, AR
R (2) 3%, 7 S P - 7K (80 : 20 ) Fil ik “2.37
T T 9 R B 25 R U, TR R R AR IR
T I PIBR I EE ST R IR 2, I A AT I £ 1
RPR 5 28 bR 200 RER H R AR 5 0 3
RN . SSE HAEAR

_ ETRBRAE I A
2 FI bR A%

8 FhELIHTEZ MY SSE 45 5 L3 4,
MEESR AT UL Yl AR T 8 PR EL TR Y
[) Fsf 5 R ARG F, B35 ST AT — 2 A0 66 Jo 3484 55 %0 A1
oy 7 B B T 2 B SE RN AN A
3.2 BRI
321 FEAUE  FESTM I BRI R Rl
M A Gk R TR 10 AT B 524 )5 B
WU SEARATZ LT T B FHERM 36 (B R UL
FHF AT SR 258, 3 108 bR

x 100%
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Tab.4 Matrix standard wrve, solvent standard wrve and SSE of 8 mycotoxins
aEY FEITBRE £k 25 FIRRAE I 28 SSE/%
(. compound ) ( matrix standard curve ) ( blank standard curve )
AFB, ¥=0.331X+0.047 Y=0.314X+0.050 101.5
AFB, ¥=0.226X+0.035 Y=0.143X+0.102 84.0
AFG, ¥Y=0.179X-0.028 Y=0.136X-0.089 99.0
AFG, ¥=0.114X-0.068 Y=0.094X+0.099 102.0
FB, ¥=0.034X-0.051 ¥Y=0.042X-0.174 119.8
OTA Y=0.312X-1.473 Y=0.225X-0.533 106.6
ST Y=0.624X+1.219 Y=1.282X+2.013 163.0
ZEN Y=0.027X-0.013 ¥=0.03X+0.031 107.0

322 10 HbTTHIAS 25 b 45 T R 25 A4 3
AR B R 15 YR [ E 12.5%~37.5%, F-
Y5 JeF8k 3] 16.67% Forp i iy is Qe R e i, b
37.5%; HRIET M (17.95% ) Fivdili (16.67% ).
323 HEHRMMZERSH AE 108 HEHES A
I8 HibAs th FLA B R . A2 AFB, A7 L4t T4
ARG, A 3 HUABAELL . 7 L7 BR R 1 A 2k
H,FB A 1AL A 1 L) BRE K, ST A 14t
JUREER, ZEN AT VG TBREE 1T TR 14
il g B4

AFs W Mg el " HIWEF SR Z
—, TE 108 #it v 25 41 vh, A 15 4 Bl AF 75 5y, 75 G
N 13.89%, FET W F hoK th AFB 1 & &N
2.8 pug-kg's TETTBR B PR R ARG, f ol
18.2~99.4 ug - kg™'c FHILAT UL, PRS2 P 2544 1L
R GZE] AF 155,

1108 (R 258 Th A3 2 I rh 256 RE AL B FB, 75
Yo 15 YR 1.9% K5 H 8 TR 20 SR A igen T
Wi Bz, & 553 51 23.4 pg- ke #1284 pg-kg's A
LT FEF/M I ST, SN 1.0 pg- kg, EHET
MR T LA Y, ST Rl RER S TR 2 24
M A 3 HE 25 RE bk ZEN T5 5% 15 Rl
2.7%, 75 BRI FP K Y ZEN & g 32 pg kg5
TR ZEN Sk 26.8 pg - ke il 1 4G
ZEN [ 84 2.0 pg - kg, AT UL, ZEN — B AE SR S0
TRAMRZER P A KR
4 £Hig

AR SCEE ST, T AT R s ARG 22 A o 2 1 v 2 LR
FER IR B LC-MS/MS 2, [7] i A H [F] 47 ] ARk
BRI RN , 1% A BT oA, AR o R Mkl
P E, 55 5R B T IR s TR ALY
TRXTWEE AR B 10 A H T A 108 HEE L) AR 7 AR 3

ST T2 A TR , 25 SRR B RN 16.7%,
ZAG YL 2R R AR EL )RR TR T
T AT E S, K W B # R A AFB, L AFG,  FB, ST,
ZEN, K E R R S B 1.0~994 pg - kg '
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