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# E: BM @7 QuEChERS HIERORAH (3 - #3515 (high performance liquid chromatography-tandem
mass spectrometry, HPLC-MS/MS )il & H- 5 H it i L 75 5 A= )5 (pyrrolizidine alkaloids, PAS)H k. Bk H
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Determination of pyrrolizidine alkaloids in licorice by QUEChERS
combined with high performance liquid chromatography-tandem
mass spectrometry and risk analysis

ZHANG Xin-Na', MA Li-Yan"*"

[1. Inspection and Testing Center of Agricultural Products Quality (Beijing), Ministry of Agriculture and Rural Affairs,
Beijing 100083, China; 2. College of Food Science and Nutritional Engineering,
China Agricultural University, Beijing 100083, China]

ABSTRACT: Objective To establish a method for the determination of pyrrolizidine alkaloids (PAs) in licorice by
QuEChERS combined with high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS).
Methods Licorice samples were extracted using 0.05 mol/L sulfuric acid by QUEChERS automatic machine and purified
by mixed cation exchange solid phase extraction (PCX SPE). The mobile phase consisted of 5 mmol/L ammonium formate
water (containing 0.1% formic acid) and 5 mmol/L ammonium formate methnol. The samples were separated on a Proshell

120 EC-C;s column, and analyzed by triple quadrupole tandem mass spectrometry under the multiple reaction monitoring
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mode. Results The average recoveries of 34 kinds of PAs in spiked samples ranged from 71.3% to 112.0% at 3 different

levels of 10, 20 and 50 ng/kg with the relative standard deviations ranging from 0.29% to 8.18%, meeting the analysis

requirements. The 172 licorice samples were analyzed by this method, and 22.1% positive samples were found in those

samples with total content in the range of 9.5-118.0 pg/kg. Among all the PAs, lycopsamine, lycopsamine-N-oxide,

heliotrine and indicine-N-oxide were the top 4 most frequently found PAs. Conclusion The extraction and detection

method for PAs in licorice developed in this study is fast and accurate, and can simultaneously detect 34 kinds of PAs

positive in licorice. The total amount of PAs in all monitored licorice samples is below the EU limit standard.
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FRANRIRRIFE TIEAT PAs 07 (1 i R0RAH Ak A
A, SO BOB G5 - B BR BT 2 Tz B TR
T PAs 4B K B ) QUEChERS (Quick, Easy,
Cheap, Effective, Rugged, Safe) & iT4F 4K Hr | & ik
DR g — AT T A 7™ il RS 0 4 DR AR PR R, H R
£, A AH O 4 38 AT QUEChERS J7 7 XA i v PAs A R4 T
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#:(high liquid chromatography-tandem mass spectrometry,
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1 MR5ERE

L1 #R5

H s, R (faalkal) , sime . HiReEr . 20K (Gt ai)dt
A REFHAA BR2 R, PCX FEAHAEBUE (500 mg, 6 mL)
PCX (60 mg, 3 mL)[“ZHERFHL (H E) AR F]]; MCX 3cee
[60 mg, 3 mL, IRFFHFHE (R ABRAFL ARUEY R
It B & & Ak W (heliotrine-N-oxide, HeNO, CAS 5 :



316

B dn 24 R R I A 4R

FH15E

6209-65-0, ZliEF 100%). & T HLJGH (senecivernine, Sv,
CAS 5: 72755-25-0, 4l 99.7%). T B G A ALY
(senecionine-N-oxide, SnNO, CAS 5: 13268-67-2, 4liJif
99%). T H JtBifi(senecionine, Sn, CAS 5 130-01-8, 4
99.57%) (LM B A I H ARG BRA HD)]; 34 Fh PAS TR AR
YT TR (AR Ml AR A 8 A 7 il o T R 2 4 XU TP S 06 5
At50)]; #Batizk (Millpore 2K AR); F ¥ FiF(Chife 5 mm,
b ARSI B A R A
12 UFE5EE

6460 751 ZRAE €T - H R AN (3 R R B A
FRZNH]); Supelco [FIAHAEHUSE B (BR 7 8 75 o E A PR AD);
QuEChERs H ZhFEdhilil % R AL st i A ST RHE AT BR A 7);
VORTEX-5 W HEHR % s (1117 oA DR A2 il i A PR A
]); YP5002 L 7 ROE- (i 0.01 g, FiE ORI 22U A BR
Z3wl); HC-3018 B O AL BUR R AR 2SR A BR A /),
KQ-600DA i 75 i& Vi #% (B 1L 8 A A A% A PR A
Proshell 120 EC-C g (100 mmx3.0 mm, 2.7 pm)(3E & Z5ES
BHEEABRA .
13 75 &
1.3.1 #Heidl&

ERCTTNITE AN P SRRSO R s s S LY S PO
60 H i, MR .
1.3.2 #omagiR IR

B 2.00 g BT EFEBMARZE 50 mL 2.0, A
20.0 mL 0.05 mol/L B K¥&E, FMA 16 Bk &+,
7£ QUEChERs F gk Sh il R 48 PR HEEC 15 min, FH)
IR R
133 #Hsmehgie

FIF 5 mL HEEXT SPE/ME(6 mL)#EF 1161k, K5

T2 34 PAs BRI

FH 5 mL 0.05 mol/L BiFR/KIFF-# SPE #£; B 10 mL A4
FIEWERE; SRIEH S mL W RS AERR 222%)%, fF A 10 mL
B 2.5%5K B R W FE VR AR, VRAR DR iR
T, e 1 mL HEEE W, B 1 mL oK, RS EA VLA
0.22 pm ffFLUE ML E AR/ MR LAt HPLC-MS/MS 4347 -
13.4 &iEfu

3R Proshell 120 EC-Cig (100 mmx3.0 mm, 2.7 pm);
FEIR 25°C; W 0.3 mL/min; #FER 2 ul; Wizhi A A
5 mmol/L B /K (% 0.1%H #R); FishAH B~ 5 mmol/L
PP R i FH e, 60 BE R L3R 1

®1 BEBERRRER

Table 1 Chromatography gradient elution procedure
I} ] /min A HH/% B /%

1 2.00 85.00 15.00
2 6.00 83.00 17.00
3 12.00 80.00 20.00
4 16.00 50.00 50.00
5 19.00 50.00 50.00
6 22.00 20.00 80.00
7 24.00 20.00 80.00
8 24.10 85.00 15.00

1.3.5 miEf#H

B T, EE AR, BAEH
JE 3500 V; TSR 10 L/ming; TR 350°C; %1k
FEIE Sy 35 psi; BEARJE 300°C; B 11 L/min, 34 Ff
PAs Z [ W WS B S 400 2, B FRE LA 3,

M B S H

mm

Table 2 Multiple reaction monitoring parameters of 34 kinds of PAs

£ {5 B3 1) [] /min BT (m/2) FET(m2) il 48 FL e /V filf fiE g L /e V

BRI N-A LI (LeNO) 19.538 428.2 254.1%/136.1 162 33
W] 2 N-4 1LY (EmNO) 17.214 414.2 352.1/254.1* 152 33
BRRIFHIM(Le) 18.508 4122 336.2/120% 134 17

W (Em) 17.209 398.2 220/120% 151 17/20

T H 68 N-42 /L (JbNO) 6.886 368.2 296.1%/120.0 157 25/41

1T LR N-ELPI(ReNO) 6.900 368.2 136.0/118.1* 172 41/33

e G BB (Sk) 12.235 366.2 168*/150 157 33/29
FF3E M N-4A L ¥ (ErNO) 17.622 366.2 136.0%/120.1 159 37

7-Z IS T N-E AL (7-ImNO) 12.959 358.2 214*/137 157 29/33

B AR EHH(Td) 10.555 354.2 222.1%/120.1 162 33/45

Jen =T BOGAEIb) 5.583 352.2 155.0/120.1* 167 35/45

5T HEOLH(Re) 5.658 352.2 138.0/120.1* 177 40/33

T BOEH N-E 1L (SVNO) 16.305 352.2 136.0/118.1* 167 30/35

SnNO 16.582 352.2 324/118* 180 20/35




%5 8 44 SRR, 55 QUEChERS 456 i SCHRURH (335 - H3 I ST e R H 4 v bk s L G e A 5 XU 23 A 317

=28
2 F A4 B4 15 18] /min BEEF(m2) FETF(m2) Tl v TR/ V Rl g it /e V
ZRRSE T B A8 (Er) 3.856 350.2 138/120% 167 30/35
T HOEIE R B N-52 1L #1(SpNO) 14.059 350.2 136.0%/120.1 157 35
R RIF 308 N-FE AL YI(EuNO) 7.413 346.2 172%/111 144 30/35
7-Z B ] T (7-Im) 12.959 3422 180/120% 144 30/35
7-LBEHEED 3 5E (7-Ly) 12.977 342.2 180.0/120.1% 146 30/35
B E AR N-42 461 (McNO) 5.365 3422 137.0%/118.1 167 30/35
Sv 15.976 336.2 308/120% 135 20/25
Sn 9.049 336.2 138.0/120.1%* 165 28/25
T HCAER (Sp) 16.242 3342 138/120%* 185 30/35
HeNO 5.670 330.2 172/138* 155 16/25
R R FT S (Eu) 5.662 330.2 156/138* 131 35/38
B A% (Mc) 3.117 326.2 237.2/120.0% 157 30/38
KEFE N-S2 1LY (1cNO) 8.597 316.2 172#/138 154 32/38
A N-EL1(LyNO) 9.389 316.2 172#/138 149 32/38
{2 B FE N-A LY (ImNO) 8.598 316.2 172%/138 152 32/38
RIFHH(He) 12.113 314.2 156/138* 149 32/38
KEFR(Ic) 18.508 300.2 156.1/138.0* 141 33/38
A (Ly) 6.288 300.2 156/138% 149 33/38
{2 BA 3 25 (Tm) 6.591 300.2 156/138%* 144 33/38
31T BG40 (Ret) 1.499 156.2 112.0%/108.1 106 30/35

2 AEERE T, BRRITEM N-F 1LY (lasiocarpine N-oxide, LcNO); i #ij 5 N-F L4 (echimidine N-oxide, EmNO); & H KIFH
(lasiocarpine, Lc); W#i#ij5E (echimidine, Em); T H G N-4 1k ¥ (jacobine N-oxide, JbNO); 15T B H N-5 /L (retrorsine N-oxide, ReNO);
o T B (senkirkine, Sk); FF3EH N-E k¥ (erucifoline N-oxide, ErNO); 7-ZBt3:A 5T N-48 /b (7-acetylintermedine N-oxide, 7-ImNO);
o B (trichodesmine, Td); 3¢ 7] 2= T B Y (jacobine, Jb); 21T FL YA (retrorsine, Re); FT HLYEHH N-5 1L ¥ (senecivernine N-oxide, SYNO);
SnNO; ZMEM-T B GHd(erucifoline N-oxide, Er); T~ HLJEE Ak N-%A /b H (seneciphylline N-oxide, SpNO); BRKIT32H8 N-4 kY] (europine
N-oxide, EuNO); 7-Z Mt (] ] (7-cetylintermedine, 7-Im); 7- £ HEJEEN3E 3¢ (7-acetyllycopsamine, 7-Ly); ¥ H &5 N-%A{L4(monocrotaline
N-oxide, McNO); T H Y:3E R fifi(seneciphylline, Sp); KKK+ =K (europine, Eu); B H A& ffi(monocrotaline, Mc); KEHEM N-5 L) (indicine
N-oxide, IcNO); A AN N-E /L) (lycopsamine N-oxide, LyNO); it 22 i & N-E k¥ (intermedine N-oxide, InNO); KI5+ (heliotrin, He); K
FEFERf(indicine, Ic); 11 (lycopsamine, Ly); i 243 & (melatonin stimulating hormone, Im); {87 B %40 (retronecine, Ret).
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Fig.3 Total ion current graph of the standard solutions of 34 kinds of PAs
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Masshunter T {E#EF7 R R 4Hr, FIFH Excel 2013 ##47
B Hr RTE R AL B

2 HRED

HeNO, Sv. Sn Fll SnNO iX 4 FifrA= s fe £ bt b s e
IR, AR ORI ik A B AR Rk, R
TEPEIX 4 Fi PAs SRARZ T B i X W 54 B i A 37 12
2.1 AELAFHREEIF 0

PEFE 0.05 mol/L i B /K W AN 0.05 mol/L it B8 Y e i%5
WO HRIBOA FIA AL IBUA R, B S rpoin A RS e 7 T
ZidIRAGIREUG, BPUEZL SPE Ak, HREGICRIL
%23, Sv. Sn Ml SnNO 7E FFHZ B R BUSCR 22 7
A2, {H HeNO ZEBRIR /KA o IO B B & T
1% R VS T

*£3 TRIBEGAFIMES

Table 3 Recoveries of different extraction solvents
B/ %
HeNO Sv Sn SnNO

x|

0.05 mol/L iR F B Wi 325 75.7°  83.5°  80.2°
0.05 mol/L Fil& /KR 91.9°  747° 756 824"

H: FSIAR RN ER BEEER .

E 4 BoR FHEEBUA TR SPE HE MR AR TR R KIA
WAKZR T 4 Flr PAs (FEEIRCACTE 83%~108%Z 1), FRERH
FEVS AR 2 Sv. Sn 1Y I ISR & TR K, {H HeNO
H1 SnNO WM F AL R /K 7 T A [l e . o, HeNO
BIAE TSR LA 58.7%, X HLATRE S HeNO AYHLH IR
AR . A7 SCHRIRIE TS PA AUEALE: PA BN
S, WY, HURBULIEHEEL 0.05 mol/L FRR/K M1k
AR, X5 WIEDENFELD 4P ASSEM Z:P23 3 ()
W i —3

0.05 mol/LARAEHEE = 0.05 mol/LARAR/K
a
gll

SnNO

120

[ b

100} a a
b Y

80|

6ol 2

40!

20}
Sv Sn

HeNO

RO E RN

S

4FhPAs
e Al— PAs HEF L FFREARFR R A B ENEZES, K5, 6.
B 4 AR A AR R

Fig.4 Column recoveries of different extraction solvents

2.2 FEHREFA XA

TEFRHUA TN 0.05 mol/L BiER /KBS, il TR
2 h $2HUH QUEChERs™ [ sh#E i il 45 R G4 15 min 2
25 . il s FiR, #8755 F1 QUEChERS k% 4R Bk
RIIIE 10%~90%Z 8], Toi 25 . (ATERRT b 25 G
FE ZFRUE(GB 23200.113—2018 (& 524 E FhRE Y
JEMEE AL 208 ol 2 R LA A% B A p I e M 6
TE- TSR ) YA & TG, 4 Fh PAs [ IR 4R
1R 2 98.1%~105.0%Z ], X 2RI AR EI R FI5, #2
IR WS T B S TR AR B A B K, 4R T
RAHEE, IR RE T

120 HeNO SV =SN =SnNO

by b
wof o, WA MR
< 80 1! % a I Zf a
= 60
E 40
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PG v g 24 o+
$EHOT

Bl s AR 200 PAs [ (¥ 51

Fig.5 PAs recoveries of different extraction methods
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T ERE G 5 B R KV TR LR U, R IR LY
EERY, Wbk, BERESEN PAs BRI, FEEHINKT
LRGP, AN, WA Zead i Ak B T A e S RO (3
FIGTHEAG I 77 A= 5400, 25 SPE Ak 5 AN AT LUK L 1
SR A LAVR AR AR R S BRKOF o R, ARl PAs
FME R BEEC T 3 Ff' SPE /M MCX (3ee). PCX (60 mg).
PCX (500 mg) > AT T X Horbr o S SbR eI 283 SPE
INEEEE AL PREE AN 6 i . Hd PCX-500 mg [AL[E]
W=, 4 Fl PAs A IRIICRAE 83.7%~108.0%Z [, ik
£ PCX-500 mg Mk, X5 CREWS 20y

120 - HeNO =SV =SN =SnNO

C C
I
S 100 + .
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B 60F 4
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Fig.6 Recoveries of different SPE columns
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Ak 2B, ST 9 7 R LR F 3 - T4 4T PAS GIEEE, MXRHAERR
VeI v, R TR 40 F IR FALME A& I PAS)HY “W41“ﬁ£ﬁﬁﬁﬂﬁﬁﬁgﬁﬁfu““““
BEL 0 - 5L, S I Ve A B U FR B 3 0 (2.5% 27K —— R ——
PR EEUEATZEIE, AT PAs A/INEE FR B [l i 2728 “ ol HCRM() 5B (ug/ke)
24 Equ ‘_[E""'T!,A' HeNO Y=1730.6X+2022 0.9991 1.0

. 725 5w 1E S Sy
"4 ‘/,iaé_; & Tia‘:é fo - Sn Y=484.12X+427.22 0.9998 2.0

Al TR K R AR TR

?ﬁﬁ?ﬁlﬁu 4 ﬁl PAs Yﬁj\jé%/%, EFE 4 ﬁ: PAs Eﬂﬁrﬁ”ﬁiﬁ Sv Y=347.04X-345.16 0.9994 2.5

wIRE N 5,20, 50, 100 I 200 ng/mL FIFRAE TAEBR, % SnNO  Y=462.05X-815.44 0.9997 2.0

LRSI A PREHEA T AT, DT ok JE A R A A, i
TR B PR TIbREILE, B2 10 ffEWRILH 242 Z R0 RMERRE R

BT E R . BRMEVR R R | RO SRR it R FHUS T DR J £ R D5 PR S o 112 FLA
BRILE 4.4 Fh PAs LM BAIE RECSR T 0.99, whje IR IFEIARIEZRY 34 Fh PAs bRIERRE, AR O 052 O 1
gk HEAFAHT BN S 2 L S

RS 34 T PAs N EIY RN E 25 R (n=6)

% 5 Recoveries and relative standard deviations of 34 kinds of PAs (n=6)

W B/ (ug/kg)  IEE/% RSDs/%  ESHHR/(ng/kg)  FIWE/%  RSDs/% @i /(ug/kg)  BIEE/%  RSDs/%

LcNO 10 74.7 3.49 20 76.0 3.02 50 82.0 2.94
EmNO 10 78.1 5.87 20 82.5 1.26 50 92.0 2.76
Lc 10 82.2 4.64 20 89.0 4.26 50 103.0 1.87
Em 10 81.1 4.39 20 85.5 3.92 50 95.0 1.01
JbNO 10 78.8 4.93 20 83.5 2.45 50 95.8 1.51
ReNO 10 81.9 5.53 20 87.5 5.20 50 98.6 3.62
Sk 10 80.1 5.39 20 86.5 4.25 50 101.0 1.87
ErNO 10 84.1 5.77 20 87.0 1.88 50 96.8 0.84
7-ImNO 10 80.9 5.19 20 84.5 1.58 50 112.0 2.59
Td 10 743 4.52 20 81.0 1.95 50 79.4 1.92
Jb 10 80.1 3.25 20 83.0 3.26 50 93.4 2.90
Re 10 84.4 4.35 20 86.5 1.82 50 93.8 4.21
SvNO 10 79.8 4.43 20 82.5 1.51 50 92.0 2.90
SnNO 10 77.6 1.79 20 83.0 1.15 50 91.4 2.99
Er 10 86.0 4.27 20 106.0 1.08 50 108.0 2.40
SpNO 10 77.8 5.25 20 88.0 2.46 50 89.8 1.72
EuNO 10 84.4 5.29 20 90.0 0.29 50 108.0 2.72
7-Im 10 734 4.95 20 71.5 1.13 50 80.2 4.65
7-Ly 10 80.9 5.63 20 84.5 5.21 50 91.4 3.56
McNO 10 72.2 5.70 20 78.0 1.33 50 77.8 5.21
Sv 10 84.9 8.18 20 85.5 3.64 50 85.4 6.91
Sn 10 84.5 4.07 20 85.0 2.07 50 89.6 6.29
Sp 10 80.4 6.13 20 80.5 4.75 50 84.4 1.75
HeNO 10 80.9 5.99 20 86.0 1.53 50 95.0 4.73
Eu 10 72.2 5.83 20 76.0 4.78 50 84.4 1.86
Mc 10 79.8 4.64 20 83.5 1.07 50 77.0 1.67
IeNO 10 73.1 5.81 20 75.0 1.70 50 99.6 2.86
LyNO 10 713 5.18 20 72.5 2.89 50 88.6 1.57
ImNO 10 71.0 6.54 20 73.5 3.48 50 92.6 3.72
He 10 72.7 5.88 20 72.5 1.77 50 76.4 5.31
Ic 10 723 4.26 20 78.5 1.87 50 77.2 4.64
Ly 10 72.8 4.95 20 76.0 1.23 50 89.0 4.37
Im 10 73.4 6.66 20 71.5 1.10 50 80.2 5.73
Ret 10 74.2 4.35 20 86.5 1.86 50 83.6 5.32

VE: AAXTFR ER 22 (relative standard deviations, RSDs).
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MFR 5 FRTLAE I 3 DASFEHEE R 34 B PAs (0
ISR 71.3%~112.0%22[8], RSDs 7£ 0.29%~8.18% 2 [H],
TR R
2.5 HEH PAs X FE

XRAEN 172 AN B RS — B i 3 s, R
IR AHRICRIR I A AT /0T . 172 AFES SRR 38
ANBEMARE S, KR 22.1%, PAs S5 EAE 9.5~118.0 nug/kg
Z I, MR TE 2020 4F 12 A KAiF) COMMISSION
REGULATION (EU) 2020/2040 SCEH T HEE FIAEHZR PAs
R AR UE, PAs BB AHE L 500 pg/kg®, ASRAGIAY 172
AHEAE G PAs Fr i PR TRREEXT PAs ARR & .

M 7 ATRIF N Ly, LyNO, He. IcNO 7EH H iy
GHIRBERZ . X 4 Fl PAs Bfb2245 k0 8 BiR, &
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