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Rapid determination of 14 kinds of alkaloids in pastries by salting-out
assisted liquid-liquid extraction with ultra performance liquid
chromatography-tandem mass spectrometry

HUANG Ying-Si', ZHENG Qian-Qing, LIU Guo-Ping, LU Li-Ming

(Zhongshan Center for Disease Control and Prevention, Zhongshan 528400, China)

ABSTRACT: Objective To establish an analytical method for the rapid determination of 14 kinds of common
toxic alkaloids in pastries using salting-out assisted liquid-liquid extraction pretreatment combined with ultra
performance liquid chromatography-tandem mass spectrometry. Methods The samples were ultrasonicated with
water, extracted with acetonitrile under alkaline conditions (pH=11) and separated by adding sodium chloride for
salting-out. The acetonitrile phase was dried by nitrogen blowing and then redissolved with 40% methanol aqueous
solution. The separation of the targets was achieved by gradient elution on C;gcolumn (100 mmx2.1 mm, 2.5 um)
using 0.1% formic acid-5 mmol/L ammonium formate aqueous solution and acetonitrile as the mobile phases, and the

targets were detected by tandem mass spectrometry positive ion multiple reaction monitoring mode, and quantified by
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external standard method with solvent standard curve. Results The 14 kinds of alkaloids showed good linearity in

the range of 0.5-100.0 ng/mL with the correlation coefficients greater than or equal to 0.999. The ranges for limits of

detection and the limits of quantitation were 0.1-2.2 pg/kg and 0.3-7.1 pg/kg. The average recoveries for the 14
kinds of alkaloids at spiked concentrations of 8.00, 50.00 and 200.00 pg/kg range from 76.3%-105.7% with the

relative standard deviations of 1.2%-9.8% (n=6). Conclusion The method is simple, quick and accurate, which can

meet the requirements of rapid screening and quantitative analysis of 14 kinds of alkaloids in pastries, and can be

used for emergency incident management of suspected alkaloid poisoning.

KEY WORDS: salting-out assisted liquid-liquid extraction; ultra performance liquid chromatography-tandem mass

spectrometry; alkaloids; pastries
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SRUTERL T AR IR A0 BRI . SRR, VRO € 3% -
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1 #RERZE

1.1 M5

REA: THEZSHRYE . SCRIDE . HARZERE . ZRRRESS 2
3, B P EERE AR, BRI B 2R 2 1y

14 Bl A= Y si bR o S oA (26 95.0%) o= Al (2
JE 95.0%) . kA4l 96.0%) . WKLk 96.0%) .
BB (LEE 96.0%) (&K TRC A H]); #WHEC (Ll
99.1%) . W E T (Ll 99.4%)( FiEFFHEA R, 7R
B (2L 98.7%, T~ CATO 24 7)), KA (LIE 97.6%, 3
ChromaDex /22 #l); #9W) % H (4 99.04%) 25 A B Bk (4l
B 99.21%) . Thak FIR (Ll 99.83%)(HE & MR AT, &
Ji AR (AL 96.3%) FKAKANBE (4l 93.8%)(FE E DR /A H]);
i . WEA(tikal, 25F FISHER A wl); B ERER (G 4L,
% [E TEDIA 2vnl); HER(AIE4LE, £E CNW An])); 2K
(RF4l, E CNW Aw)); S8k, SIbmdtgat, 1
ML)
1.2 UE5EE

Triple Quard™ 6500 ¥& i Ik F Ji 3% 1% (3¢ [# AB
SCIEX A H]); Milli-Q Element #A%i/KHL(3E F Millipore 2>
F]); Multi reax W R 5] #5 (1% E Heidolph A F]); 3-30K i
T A R S D HL(SE [ SIGMA A H); H1650-W M el &
A ELOHLH R LI = AU TT & 23 F]); N-EVAPTM 112
HIH WAL (3€[E Organomation Associates 2\ ]); DK-2200P
AL (P E R REA | ), MS205DU - HL, 43 B K (8
0.00001 g), MS1003TS HLF43#r K- (ki 0.001g)(Fhi L&
Fr#-FER 2 A HD).



11

WA, A SR B O A I - R AR € - H BB T T DR S R R rh 14 ol A 127

1.3 EWHE
13,1 HSmaras

FRIUEE D 1 g 24 (R E) 0.001 g)F 50 mL .04,
HA 5 mL M4k, B 5 minjs, FE/KIEY pH M 11, F
FA 10 mL ZJi, %547 10 min JSHNA 1.5 g NaCl, 4k
SEIRE 5 min, BEJ5 10000 r/min, B0 5 min, B 1 mL FJ2
HHAHT 45°CRIBFLURASKT, WA 1 mL 40%H EK
IR E IR, 15000 r/min, £5.0> 5 min, ¥ 0.22 pm
VUG 245 (polytetrafluoroethylene, PTFE)E] 3k 2 g 15 J5 it
5E o
1.3.2 AW wAF AR B

FREBGE 545 A IR AR 90 B FASE ) 10 mL
RO, AP EEMFI R ZZ0E, 2501535 E
WeEEA 1.0 mg/mL [ ZE MIBRFR i & W . AR WAS 2030l
B4 W s A BAAR BB 45 T 100 pl BT 5 —4 10 mL ##
I, AW e A B2 EE R R E R 10.0 ng/mL 1)
AR A FRET R ARG, FH RS 10.0 pg/mL
FAE YIRS A P [ERGA A B 1.0 ug/mL F10.1 pg/mL
FNRAAME AR, BUEEIRA M TAERA 40%F Bk
Vs T TC AP v 2R 51 R o
133 GiEmiEis

(1) EigE

Waters XBridg® BEH Cig (43541 (100 mm=2.1 mm,
2.5 um); FShA: AKHI(A FH)H 0.1% F BR-5 mmol/L FF 2 7
KWW, AHHB )R NE; BB ZE: 0~0.1 min,
10% B; 0.1~8.0 min, 10%~50% B; 8.0~8.5 min, 50%~95% B;
8.5~10.5 min, {#4% 95% B; 10.5~11.0 min, 95%~10% B;
11.0~13.0 min, f#8 10% B; FEiil: 40°C; K& 5 #LIR
15°C; Jii#: 0.35 mL/min; JFREARFR: 1 pl.

(2) kst

HAL 5% 55 1 Y5 E 1 °F 22 S W AR o Ak e
5500 V; BSPURIREE: 450°C; SR AELSE T
50 psi; BENAE JI: 30 psi; MEFESEEAN: 9; Ml H
L HE: 9.5 Vs BF B E]: 25 ms.

1.4 HUEEALIE

% F] MultiQuant 3.0.3, Excel 2021 Al Origin 8.5 {4
AT R B PR | S5 SR BRI VE A R
TIFRFE S SEATINE 6 YR, N M sz 50 25 58 L SE- 35 [Tl %
SFXT AR 22 30K, SEERAE A TINGE 3 IR, e 45 2R LA
ST 7 (B AR HE IR 25 327 o

2 HER55H

2.1 FRigEIEEHMRT
2.1.1 B pumie

FAR 4 E WA BT & U PR S5, 45 5 B
JEFATE R MAH] 8 F, 15 A 1F & R S 7
FRAE RIS R, A BT 100 ng/mL 19 14
Pl IR AR R O AT T S 8 . JE7E Q1 Scan
B T AR A EE 7, SRE 1L Product Ton(MS2)#5%
AR 2 A0 R R TR, TR RO M
4390 Xt B B 1 19 22 7% K (declustering potential, DP)FlF
BT R BE 5 (collision energy, CE)EATHML ., 14 FhA4
WAL 1 RTS8 1.
2,12 &AM

JEF O 38 AR B AR T, AR kR T
LAY BEH C g f1545:(100 mmx2.1 mm, 2.5 pm)fE Jy 525
FHEE. HEOR 206 A H A HLA, il b R B,
ZIENE A HLAEE, O REH: A A IR Ee A ML S R A
LA FH 2 6 A5 i 2h AR I E AR 4 1 0 7R A X AT L AR
TKARSY B R aiK . 5 mmol/L R B /K ¥ AN 0.1% H
1%-5 mmol/L F MREL/KIRIRIT, 14 Fh LT M) 35 7 25 1
Blo SCHG ORI, LA AR, HERY R | fE
5 8 AN 1 BEERASERAR A RS, W TR RN 5
NSRS . RIS A —E R, KA BRI
55 A5 3 F— 25 i 38, R0 Y 43 B9 AT T L
o FILSIR AT HER 2 0 0.1%H BR-5 mmol/L H iRk
KA NG . FERALRIBE B BELASET, 14 Fh A= ridaE
£ 8 min WoERHEE, £ BARYY 2 R Wil i i LA 1,
% BARYI AT B L AR F s Rl L2 1,

R1 4MHEYHBRIESHRAXER

Table 1 Mass parameters and relative information for 14 kinds of alkaloids

Hix¥ CAS 5 4 B B 1A /min BB (m/z) FBF(mlz) LRV ilf 1 RE /v
AREE 51-34-3 2.36 304.2 138.1°/156.1 90 29/23
Al 509-15-9 2.41 323.2 236.2°/195.0 125 35/49
B it 0% 57-47-6 2.71 276.3 219.07/162.1 30 15/25
e AR WL 57-24-9 2.90 3352 184.17/156.1 140 52/61
BT 357-57-3 2.97 395.1 324.1°/244.1 120 44/50
ol E=s 1358-76-5 3.20 307.1 180.17/204.1 120 56/61

T 101-31-5 3.24 290.1 124.1°/93.0 100 31/38
myRD 82354-38-9 3.87 327.2 296.3°/265.2 30 25/38




128 R i g Rl Rk 15 %
1)
HrY CAS 5 15 B8 15} ] /min BB T (m/z) FEF(m/z) PN LN AY ilf 425 R e/ V
OB 64-86-8 5.30 400.2 358.17/310.1 120 29/40
o-Hili 20562-02-1 5.66 868.5 398.4"/722.5 170 100/93
o= AT 20562-03-2 5.72 852.6 706.5"/398.5 170 92/96
E R 2752-64-9 6.78 632.4 572.3"/354.2 160 44/56
PR 6900-87-4 7.39 616.3 556.37/524.3 160 45/47
5305 302-27-2 7.41 646.3 586.37/526.3 160 47/53
o EEE T
a0 ¢ HE) . WUPREMRT . WUET. BURD). k%
7X10° - I (a0 L - . BRI (BACEE I . TR T
6x10°F LIS BRI 5, M2 F AR, AR R
5x10° 1 VR I (LRI 9 A A 2 R R R A BB
4x10° Wi, R A NSRBI HE T E 4%, S

W B /eps

3x10° 1

7
13,14
12
2x10°
1x106 F Gf L 91011 A
0 9
5

0 1 2 3 4 6 7 8
5B 15f 5] /min
Wl REEG 20 BIEREF; 3 fh S 4B AR 50 DR
TH; 6: AR T 7 B 8 AWWIHRC; 9 BoKAIB; 10: o-
HiBE; 110 o= RARTE 120 B kBl 130 RS 3R0E; 14: 2kin
Bl 1 20.0 ng/mL ARE IR 14 FhAE P00 22 B 07 W I ]

Fig.l Multiple reaction monitoring spectrogram for 14 kinds of
alkaloids in 20.0 ng/mL standard solution

2.2
2.2.1

BIALER AL

R GAR 0 L4
RERUVRE AL B KRR, IMAGEBLROK, A B T f I
IR B ERE ), DME T RG2S R T, e
e IR . ARBETE R, TR A MR A, ARk
RDRBh . LK T B K00 BRI (R k. AR

120

KB, R R A A B ORI, i A S AR AN T A R
Bror)2, IR Zek 8 OIS TE MIRBOAR . i — %% T
CIEFIE AN A X A= i IR (s i, 45 2R R
CIEFEAAR 25 4 10 mL 1 1.5 g}, £ HARYIIA 8T
Y %

MBI R B, e & FREE LS W T
U R s A A Wi, L pH A, A e 2 5 oA bl
TR, ARk — o, 3 3 i A UK B U SRR T
TIRESRI) pH PR5E, %% pH Xt HARY) BICR A0 . 4351
TEAT pH. pH g 10~12 RIS, THATEAT 6 1325
SR TR IR AE i (IR A 200 pg/kg) i S8 . 3 k%
REBRE 2), AFES pH B, % BARYE- R AL,
oo oA a-R ARG T B G 34.8% .
51.3%. 7E—ETEENARE pH, X4 HERPIH ik 4
AFIFLEE 3R, pH N 11 B4 HAR P35 mieR ¥k F
80%. 4 pH #E5h 12 I, BEISCRIFBA HE— 48 5 1
B, I BEBRR RS pH BB 11 )5, Mkt F—4
IR,

100 | : 1 i
T f L N L i
S ¥ nll M 0 ! 1 1 11 ]
‘lgsl' 60 H it i) m |H Iﬂ I |ﬂ i - o pHAVE Y
B, | i = pH 10
mpH 11
20 H mpH 12
0
R g e
AU U @ A A

Hir9

L2 pH XJ 14 Fh A= Wyl ] S0 9 5 (n=6)
Fig.2 Effects of pH on recoveries of 14 kinds of alkaloids (n=6)
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222 HAuftegikdE

TV L T 2 R S, Rl o 2 BT T4, BAIREE I
BN, E S HET T OB A B ARSI LA T AN
A BB AHZE AL AL 1 [150 mg MgSO,, 25 mg N-N 32—
}¥ (primary secondary amine, PSA)]. 43-Hi A ZE BG4 b £, 2
(150 mg MgSO0y, 25 mg Cyg) 3 FhJr 2% HARPI & F 5200
SRR, T A AR E A ZE BOS b4, BRP
WEAL Y BEAT B g T4, HOARWEIL 5 4 A 40 s A 2
BUg b A 2 ORI, & BRI X . Ak
BARAE AL 1S, a-BBFT a-R Ao [0 e 154 1)
R, A BARY g BUCR SRS R A Y . 4L
EAHZEBOSALAL 1 FP & PSA, AT ROR A HLAR . Bk
LRI LR R RO SR a- BN o B A 43
SRt A 2RI, ILRERE PSA A BT, M
WA ISR R, FIRSCIG AR, AR AT BT
GBI 0 J5, o — bt e 2447 1
SERRSI . R PR AT B 2 0 R TR R B LY 1R
HALR IO B>, R4 & B O R UTE s M AE K2,
SEAFRATET B AR T BRI CRE )2 FRE K20 8,
PINIOE ek sy aRii] o/ v S 2 (1 9 g g A AL S
TR AL A TR, LA, AR T R R SR Y
TAER .
2.3 EFRMBAITEMN

FRATSE 1.3.1 W 0RE S ATAL 3 vk, 15 S 2SR |
WERPE, HIREERE . ZRREE 4 Fhas (O RIR IO . A5l il
FZs R R BUR AT 40% F B e 259, e A s 1)
W EE PRI, AR AL 0 (S S A5 HET IR .
RIGIHRNZS LIRS 40% H B 7K b 4% H Bs 4 B i 1o 4.,
W LT T HE A 4 BTN 5 B R A 3 B A b
(matrix effect, ME). 44550 KT 100%HF, 13 EA B
BRI ALER/NT 100%K, DU 8 SRS S RN . 45 SRl
I 100%, ULBHIERTON BN, G5 R BOR, AEZSmpE. L
B RAREERE | 22 RORE TR R A B B T RN 4
77.3%~86.1% . 79.5%~83.4% . 80.3%~94.2% . 78.1%~89.5%,
Ui BH 4 Bl L O R 0 4 3545 STl 5oy, H 52 e AN BH
K] b f5 282 S o e A {6 A R AR ME h R AT 45 R AL 0, DU
Ik /0 DR L o) 5 SO o T R R DA, i — 2D R i SEBR T
FE P RIS
24 FHEMSZMTERE. KRERFMESR

B 1.3.2 IR G PRELAEIR, I 40% Y B K ¥ T e
il B¢ 0.5~100.0 ng/mL MIFRHERFNIEIR, 24 1.3.3 MUARS
PTG, llbRiERRLR, Fis 14 b B ALtk r R 60
KA (B =0.999. L) 3 FEEMELL(S/N=3)F1 10 f5{5ME L
(S/N=10) 43 3| 1+ 52 13 2 & B b= 9 09 & &5 BR (limits of
detection, LODs) I # FR (limits of quantitation, LOQs), 14

FhAEYIBAY 2t SC & . LODs A1 LOQs W35 2,

R2 4MEPEOEMEXRR. RUHRFESR
Table 2 Linear relationship, LODs and LOQs of
14 kinds of alkaloids

LODs/ LOQs/

Hir¥ AW r (ug/ke) (ngke)
REEIN Y=3.49x10°X+2.18x10° 0.9997 0.2 0.6
BIWIER  7=6.72x10°X=1.24x10* 0.9994 0.9 2.9
F S Y=6.32x10°X+5.02x10°  0.9999 0.3 0.9
TR ¥=1.03x10°X-2.28x10*  0.9995 1.1 3.4
T ¥=8.76x10'X-7.40x10° 0.9999 0.7 2.3
BWIE T Y=5.46x10°X+3.29x10° 0.9994 2.2 7.1
R Y=4.35x10°X+1.44x10° 0.9999 0.2 0.6
FIWIE L Y=9.29%10°X+3.43x10° 0.9992 0.1 0.3
BOKABL  ¥=1.22x10°X-1.18x10* 0.9990 0.4 1.3
o=F i Y=4.40x10"X-2.07x10>  0.9998 1.0 3.1
o-RAIL  ¥=9.50x10"X-2.16x10* 0.9993 0.3 0.8
BEEIE  ¥=2.75x10°X+7.75x10* 0.9996 0.3 1.0
WA, v=4.53x10°X+4.33x10*  0.9999 0.2 0.5
3k Y=4.83x10°X-2.10x10* 0.9992 0.2 0.4

2.5 fIAREISERTNEEE

Oy BIEZEMRGE . SCREGE . BARERE . 2B S (3
FirPmA 8.00. 50.0. 200 pg/kg 3 MR AKCE HEAT AR [E]
Wose g, FRhER BT A U B K- A3 BT 6 YOPATII,
FUBRE 2 SRk 2 2, [ s 3T A3 s [ a5 o5 AR s o
2%, B2 3 TN, 255 14 AR Hmn 44 [ keR
76.3%~105.7%, FHXFARAEN 223 EIE 1.2%~9.8%Z [, 52
55 JIr A5 i 50 i S5 R AR X AR o R 22 38 BB 45 S5 GB/T
27404—2008 (2355 Bt P HAE B ERAL AN ) oA
Nf AR BER
2.6 EPRAEmART

B LR AL E R #r s, X 8 4Tl s BRE s R 2
Uy GEALT A= Wi £ ) rh 8 1 S 2R A T T R, 25
K 8 iR SIS LR 14 FhAEYIRE, 2 By R K RE N
W A R AW R TR R O 3 R Y,
BRGRILER 4, PHAERE S, CER) A A SRR Y
ST I LR 3o PRI AT SR AL BT A OO 1) B 2
JERE, TGS GRS F A TR W . (H B W) U 4 W) )
L 5 B35 1 o0 AR AE A a1, AR AR S A A D
SIPTEER, M AT RE R & S W R AT R T

.
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#3 AEMESD 14 FE YRR INFRE ZE (h=6)
Table 3 Spiked recoveries of 14 kinds of alkaloids in different pastries (N=6)

- o [ i /%
Hist MR/ (g/ks) F T ER e
8.00 98.4+6.9 86.3+1.7 96.7+4.2 91.5+2.3
REE 50.00 105.6+2.5 94.5+3.8 105.0+4.4 92.4+1.5
200.00 99.2+1.9 96.2+6.3 96.3+3.5 89.243.9
8.00 90.5+8.3 82.6£6.7 98.7+3.6 93.445.6
L E 50.00 103.1+1.9 85.7+5.3 98.7+6.5 102.4+6.4
200.00 101.3+1.2 93.6+4.2 95.842.9 98.6+5.5
8.00 101.7£5.2 98.543.8 103.2+4.3 92.643.7
T 0% 50.00 102.443.3 101.2+4.2 105.4+2.8 96.6+5.9
200.00 105.4+4.3 96.3+4.4 102.246.9 96.3+1.4
8.00 95.0+9.8 87.1%1.5 101.5+5.5 87.746.8
T A T, 50.00 104.5+2.0 96.3+2.8 101.0+4.0 92.9+41.8
200.00 96.8+5.1 104.3+3.5 93.9+3.5 94.1+5.9
8.00 97.7+8.8 92.4+3.3 96.845.1 89.9+2.1
BT 50.00 104.0+£2.7 95.4+4.9 98.7+45.5 85.042.4
200.00 99.443.7 93.142.9 94.945.6 87.7+4.8
8.00 83.37.8 103.5+3.7 92.8+4.4 91.848.2
e 50.00 105.4+4.1 97.646.5 102.1+4.2 90.2+1.3
200.00 96.6+3.0 102.6+3.0 97.9+6.7 96.9+3.4
8.00 98.9+7.3 88.3+4.1 104.1+5.1 102.8+3.1
R 50.00 101.4+2.4 92.5+6.6 103.4+3.9 98.3+2.5
200.00 103.242.5 97.4+4.0 105.7+3.9 93.3+2.4
8.00 97.3+8.6 89.745.1 102.2+4.1 87.7+2.1
2l 50.00 104.24+2.8 97.343.9 101.5+6.7 92.747.3
200.00 101.142.3 101.5+3.9 103.244.0 99.8+1.7
8.00 94.748.6 95.4+4.1 97.243.7 92.9+3.1
KA 50.00 100.8+3.7 93.244.7 101.0+4.0 88.142.3
200.00 100.1+3.9 102.1+3.6 98.5+4.4 94.1+3.7
8.00 76.3+7.6 78.9+4.5 83.6+6.7 78.4£5.1
o=k 50.00 86.8+3.4 79.6+3.0 85.5+5.3 76.9+4.9
200.00 83.9+1.2 84.546.9 91.0+4.2 83.6+5.8
8.00 94.8+6.4 85.3+3.7 96.4+1.7 87.6£6.9
a-RH 50.00 98.6+2.8 82.6+5.5 97.0+3.8 94.3+5.4
200.00 100.2+3.5 86.6+4.4 99.1+6.3 92.442.7
8.00 94442 3 102.5%5.1 102.3+3.3 95.7+7.3
EREDS T 50.00 105.7+4.1 98.7+4.0 101.5+4.9 104.3+3.0
200.00 102.6+3.3 103.8+5.6 105.6+2.9 103.5+2.6
8.00 91.7+4.3 96.745.6 101.2+1.5 98.6+3.0
EES ST 50.00 101.942.5 104.5+4.0 100.6+2.8 97.9+1.2
200.00 97.442.7 103.4+3.6 95.543.5 99.244.3
8.00 97.5+6.6 93.844.5 103.743.8 103.8+7.1
5 3 i 50.00 104.6+2.0 105.3+4.2 98.9+4.2 95.6+5.5
200.00 105.2+4.0 99.5+6.6 96.5+4.4 101.842.5

®4 FEHERTEAVZER, AYEF. AMECHIEN=3)

Table 4 Concents of gelsemine, koumine and gelsenicine in the submitted samples (n=3)

i Al T R T fAl/ENW

HERERS (ng/kg) 8035.3£133.4 12412.9+127.4 7573.1£136.9
BHRER (ng/kg) 8043.2+145.5 11815.1+36.2 6305.4+241.7
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