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Rapid Screening and Determination of 20 Plant-Derived Toxins in
Honey by UPLC-Q-Exactive Quadrupole-Electrostatic Field Track
Trap High Resolution Mass Spectrometry

WEI Huan, LIU Jialing, LIAO Qiang”
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Abstract: In this study, the method was applied in the rapid screening and determination of 20 plant-derived toxins in
honey by ultra-performance liquid chromatography-tandem Q-Exactive quadrupole-electrostatic field track trap high
resolution mass spectrometry (UPLC-Q-Exactive). According to precise molecular weight of compounds and multistage
fragment ion information detected by UPLC-Q-Exactive, an in-house database of 20 plant-derived toxins was established.
The sample was extracted by pure water, and purified on a mixed-mode polymeric strong cation exchange and reversed-
phase column (MCX). The extract was separated on an AQ-C, column (2.1 mmx100 mm, 1.9 um) through a mobile phase
composition of acetonitrile and water (containing 0.1% formic acid and 10 mmol/L ammonium formate) in gradient elution

mode. The high resolution mass spectrometry data was simultaneously acquired in full scan data-dependent MS/MS
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acquisition mode(Full MS/ddMS?), and external standard calibration curves were used for quantification. Results and

conclusions were drawn as follows. First, desirable linearities of 20 plant-derived toxins were evaluated among the peak

area responses and concentrations in the range of 10.0 to 200.0 pg/L, and the correlative coefficients were over 0.99. The

limits of detection were 0.4~6.9 pg/kg. The average recoveries of all the toxins were 74.1%~114.6% at three different

levels, and the relative standard deviations (RSDs) ranged between 0.2%~4.7%. This method is sensitive, accurate, reliable

and easy to operate, which can be used for rapid screening and quantitative analysis of the 20 plant- derived toxins in honey.
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Table 1 Molecular formula, retention time, precise mass number, mass number deviation and main secondary ion mass number of 20
plant-derived toxic
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(min) piN=vie pi=w #/10
e A N 120.08101; 237.13599;
1 LgERey sy Monocrotaline  C;¢H;sNOg 32536  2.44 [M+H]"  326.15981  326.15939 13 194.11775
N-S AR o . . 118.06548; 136.07585;
2 n Ty Erucifoline N-oxide CgHjON 36538 4.02 [M+H]"  366.15473  366.15393 22 04.06566
. . 138.09146; 156.10205;
3 AR, Scopolamine ~ C;;H, NO, 38426  4.84 [M+H]"  304.15433  304.15383 1.6 121.06499
4 PAWIBE  gelsemine free base CyHpN,O, 32318 502 [M+H]™ 32317540  323.17487 1.6 236'10179257;076%265 86;
. N 120.0811; 138.09152;
5 [E R Retrorsine CsH,sNO,  351.39 5.13 [M+H]"  352.17546  352.17487 1.7 005;2 4 1533039 5
N-EETHIE Seneciphylline N- . 306.16986; 120.08105;
6 R oxide CsH;3NOs 33339 558 [M+H] 334.1649  334.16434 1.7 138.00143
7 WA Rhodojaponinll  CoH O 36846 610 [MEH]  207.18401 20708439 17 ISl
: 238.12248; 220.11275;
8 HWET Koumine CyoH,N,0  306.41 6.17 [M+H]"  307.18049  307.17978 23 38 17§ 107?3 75
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9 T FE Coriatin CsHy0p 296 6.27 [M-H]  295.11871  295.11883  —0.4 219.06688
TEXT (T . . 120.08086; 308.18628;
10 ) Senecionine CgHysNOs  335.39 6.54 [M+H] 336.18055  336.17985 2.1 138.09155
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e N 188. 2; 149. 3
15 JEUHT J i Protopine C,0H|gNO; 35337  8.18 [M+H]"  354.13360  354.13322 1.1 88 07;)35 070(’;;) 5986
16 W¥IEAHI Rhodojaponinll  CpHy0, 41051 827 [M#H]  297.8491 207.18430 17 2SR
N " .19101; 144.08089;
17 MM Humantenine  C, HygN,O; 35445  8.40 [M+H]" 35520162  355.20097 g 7 929 41 48868 ?
X ) 188.07071; 290.09372;
18 BB Allocryptopine  CpH,;NOs  369.41 855 [M+H]"  370.16490  370.16462 0.8 206.08128
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Fig.1 Chinese azalea flowers toxins II cracking figure
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Fig.2 Chinese azalea flowers toxins IIII cracking figure
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Fig.3 Recovery rate of 20 plant-derived toxic ingredients
through different extraction column
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Fig.4 The matrix effects of 20 plant-derived toxic ingredients
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SR 20 FRRENAL A& PIE A A TERB N2 R AFnI4k
PECER, r BT 0,995,
2.8 EEHEEIRE

K 2 W R 12017 IO X RE T TR, G SR
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Table 2 Linearities and correlation coefficients and detection limits of 20 plant-derived toxic ingredients
3%y Bl Eyxi ZeAEEE (pg/L) MR E KPR (ng/kg)

B E A y=1.74024¢+006x+3.87433¢+006 11.05~221.04 0.9993 1.1
N-EALZ RS T B y=6.26145¢+006x+2.76492¢+006 10.20~204.00 0.9990 1.0
FWI; y=6.26145¢+006x+2.76492¢+006 10.32~206.40 0.998 0.5
AR y=1.73966e+006x—1.19978¢+006 9.07~181.42 0.997 0.5
(IR RS y=1.18342e+006x—6.64955¢+006 9.18~183.68 0.996 0.5
T HOGAER y=1.04594¢+006x+1.19731¢+007 9.32~186.32 0.997 1.9
IR y=2.3337e+006x—1.01106¢+007 10.08~201.70 0.995 0.5
THET y=6.31671e+006x—7.06935¢+006 12.04~240.76 0.996 0.6
T HOL ¥=6.31229¢-+006x—7.62245¢+006 10.65~213.00 0.995 0.5
HT B N-A e y=2.35604¢+006x+5.50655¢+006 9.07~181.36 0.995 0.5
g c y=5.63862¢+006x+4.18264¢+006 10.85~216.97 0.998 0.5
HE5 y=31547.1x+298769 9.88~197.52 0.995 49
[ FAETERV y=73731.2x-351697 13.87~277.48 0.995 6.9
JE B y=6.25039e+006x+2.3877e+007 10.71~214.26 0.998 0.5
[ 3T v y=5.20333¢+006x+5.00048¢+006 8.45~168.96 0.996 0.4
IS y=7.00083e+006x+2.07491e+006 10.51~210.18 0.998 0.5
W EAETER y=747810x—2.43661e+006 11.88~237.70 0.996 0.6
[FEALFE R y=12885.6x—20331.3 9.04~180.84 0.997 4.5
VTR y=1.83927¢+006x+3.36015¢+006 10.07~201.45 0.998 0.5
53058 y=1.47927e+006x+5.31952¢+006 11.38~227.58 0.997 0.6
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Fig.5 Extracted ion flow chromatograms of 20 plant-derived
toxic ingredients
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FEZ RS T HOL; 3: AR R0 4: BWoe; 5: 1T 5L o:
N-LA T HOGAERDE; 7: W FAERER 1L 8: AW RT3 9: BF
3 10: THOET (TG0 11: FT 55 12: FT BB
N-SAL; 13: BWIB8C s 14: R EAETER Vs 15: JE BT R B 16:
[WEAEREZR 105 17: S 08 25 18: AR S Bl; 19: 3k hik;

20: 2358

O . BT BGHR N A8 . N-EAb2Z pRSent T
W, SE N 2 . T B Y6IE R B AT RSD 435K
0.8%. 1.3%. 1.6%. 1.1%. 0.8%. 1.9%. 2.1%.
1.4%. 0.8%. 0.6%. 1.3%. 0.7%. 0.5%. 2.4%.
1.8%. 1.6%. 1.1%. 0.5%. 1.8%. 2.0%, A}k
EME R
2.10 FREMIRE

B 1.2.27 WU 6] —A¢ S s, s el 25 5 0.
2.4, 8. 12 Fll 24 h 3% “1.2.37 (ARG A ERE, iC 5 4H
R A £a, 1% 08 TE AR, 45 R AR &L A 20 F g 1 AR Y
RSD JuMHITE 0.8%~2.1% Z[8], RIAMLAMARAE 24 h
PEaETE R AT
211  fFREIYBERR S

SFBIBREL 1.00 g B0 18 445, BT 15 mL RH
Js ELZE LA T, 43 5IEsin 0.01., 0.02, 0.1 mL 197
GhRME R WA 6 ), $7 “1.2.27 A, FEATAIK .
HrL v 3 AR BE KO r AR R 5, 42 1.2.3
BRAVEZERESTHT, THROINEE PR (L5 R L3 3); 4%
U NSl 7/ - G o= o A M CI N < e
74.1%~114.6% Z [0], & WIASAKG I 5 72 0¥ MR 5 v
AL R SR S B H H TR R .
2.12  EPREEmRTHT

Fi2“1.27 Jr ks 66 HEWEEERE S T E , 45 2R
R IAE 8 b i BEAE N RS AR R A ek, o B AE
20~1400 pg/kg Z[a]; b 2 ks b 55K H (5] T B
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320 FRAEPIRIE RS 72 Rl A A
HXS AR 22 (n=6)

Table 3 Aaverage recoveries and relative standard deviations

of 20 kinds of plant-derived toxic ingredients (n = 6)

et WA (ug/kg) R (%) RSD(%)

110.5 87.08 0.8

LIgERey 221 86.21 7.1
1105 90.33 47

102 85.17 29

N-FAZEpRE-T Bk 204 89.55 1.6
1020 94.33 1.9

90.7 100.48 0.91
AL 181.4 100.42 0.92
907 96.79 1.7

91.8 104.01 22

IREE 183.6 102.65 0.5
918 94.66 0.2

93.2 106.75 15

1 LR 186.4 103.02 1.1
932 102.18 2.1

100.8 75.35 44

T AR R, 201.6 84.54 0.8
1008 86.29 2.1

100.8 107.24 0.3

HWET 201.6 101.81 0.6
1008 100.14 0.2

120.4 107.86 0.6

T HOET (T BL6H) 240.8 100.88 0.4
1204 98.45 1.6

106.5 108.39 0.5

T ELmg 213 103.18 0.4
1065 100.88 0.4

90.7 84.87 0.5

FT B N-Z Ak 181.4 89.01 4.4
907 94.86 0.6

108.5 99.83 1.9

WL 217 97.67 13
1085 95.69 1.1

98.8 75.78 3.9

[EE-%-4 197.6 80.23 0.3
988 75.75 1.2

138.7 114.56 1.7

[EVi: =Y 277.4 106.37 2.7
1387 110.48 1.4

107.1 87.36 1.9

5T 214.2 92.61 12
1071 95.36 26

84.5 93.76 3.7

SRR 2 169 93.03 3.6
845 94.52 1.8

105.1 95.58 3.7

TR 210.2 92.71 1.7
1051 92.87 0.3

118.8 107.35 0.6

ESIZEIII 237.6 103.29 0.4
1188 99.4 1.6

90.4 83.19 49

HEX ZE 00 180.8 107.46 22
904 97.54 4.4

100.7 90.3 1.1

W EED T 201.4 87.1 2.4
1007 85.11 0.3

113.8 74.06 3.3

L35 227.6 75.41 0.4
1138 80.81 0.6

SCH, S EAE 48~150 pg/kg Z[A]; 2 HEMEE PR Y N-
FEALT HLOCTE RS FAE 49~80 pg/kg Z1a], FEF UL
2 4, G5, e PR A B E I  12%, 7
WS TP — B B SR 2 A XU o

F 4 PERIES R (ng/ke)
Table 4 Results of random test (ng/kg)

ARRCE RS T OGO & i NS T BUGEE R

R ( P
pg/kg) (ng/ke) o (ug/kg)
BFHRIEINLE 14850 48.11 /
EFRIEUHE 11935 / /
TR 291.28 / /
%Eﬁ%/@tﬁa 111.94 / /
SEAAE 1407.54 146.46 74.31
BN AL 30.75 / /
BN AE2 87.00 / 49.81
KHTE AL 23.36 / /
T FRAK
3 ZEip

ARG ST T LAAK B2 H, JRAS Y FH B8 138 4
[EAHZAE B IME(MCX) ik, 4558 = 80RO 4335 - Y
BB AT/ el 3 T B v 43 B BT i s o e s vh i 20 Fip
TR VERE R A T AE , Horb At T AR
3T BLOGHORN N-4540 T HOGIE R0, $75 12
M SRAFAE— 3 BB W e A s o 72 PR PR B DR
B RESE AT G oK, UEWZ T A TE X Mg AT
20 FRE 4 5 B A 0 ) P E S AT I S AR T
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