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W OE: BrY g B SRR €3 - 5B B T3S 5 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) [ il 8 /N2 20 i K K RIS R 5 R BB SESS A pRd Al 6 Rl ol gekt, sk A
iR OGS RAR I, 82 ZI0KRBEBKIS T 40 C R hestZZ R A £ T, 2.0 mL ZJE+0.1%H FR/K
(95:5, V-V)isfiskits, FERGE IR E Cos HEAME, MBS IE | 00088 [ i F i A 22 Sz sl oy =CAG, b
LR, BR S FEBIESEAEYIA 6 Fh Tl YURAE 2.5~100 pg/L MHBESERIN, HAT RIFLIESE R
BT 0.9980), 78 3 MUSMAKCE T HES BFEI DGR 72.2%~108%, AXTFRER2E 2.5%~9.6%, H5E
B IRRTT . RN BOERLL B BRYERE I, BRPESNEE O BRI 1 AR RN 1.0 pg/kg, MhE, AIfFA
BRVERE 1L RPHELIVAOAR BN 2.5 ngrkgo SEPRREROARIN R, A6 BRYERE [T FHYERE S, 6 1>, & &5 0.00706~
74.2 mglkg. G&IE ZOrEMERG . R PR, S EII RN /N 2 B A R SRR Hh BB SE ST A WA ol Gk
A RO

KR /NZEE N OB, BTSSRk B RSO (i A R B i

Simultaneous determination of 5 kinds of pericarpium papaveris alkaloids
and 6 kinds of industrial dyes in snack foods and hot pot seasoning by ultra
performance liquid chromatography-tandem mass spectromentry
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ABSTRACT: Objective To establish a method for simultaneous determination of 5 kinds of pericarpium papaveris
alkaloids and 6 kinds of industrial dyes in snack foods and hot pot seasoning by ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The samples were extracted with
acetonitrile, acetonitrile layer were condensed to dry at 40 “C after dehydration of anhydrous magnesium sulfate, then

2.0 mL solution containing acetonitrile and 0.1% firnuc acid (95:5, V:¥) were added into the residue. After through
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the millipore membrane, the samples were separated on a C;g column, detected by UPLC- MS/MS, identified by

electrospray ionization in positive and negative mode under multiple reaction monitoring mode, and quantified by the

external standard method. Results The linear range of the method was 2.5~100 pg/L with the linear correlation

coefficients above 0.9980. The average recoveries were from 72.2% to 108% at the 3 spiked levels, and the relative

standard deviations were between 2.5% and 9.6%. The limits of detection were 1.0 pg/kg for papaverine, narcotine,

thebaine, rhodamine B, orange II, auramine O, thioflavine T, and 2.5 pg/kg for morphine, codeine, sudan IV. Six

samples were detected of orange II from 0.00706 to 74.2 mg/kg in actual samples test. Conclusion This method is

accurate and sensitive, which is an effective method for simultaneous determination of 5 kinds of alkaloids extracted

from pericarpium papaveris and 6 kinds of industrial dyes in snack foods and hot pot seasoning.

KEY WORDS: snack foods; hot pot seasoning; alkaloids extracted from pericarpium papaveris; industrial dyes;

ultra performance liquid chromatography-tandem mass spectrometry
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AN SR — 2R B O R B B A B AR,
AUCRAE R G R, AT DU IR B B (] B 4,
2, Ao N AR TE AN AT SO e TR
W—FREE4E, |2 KRMEE, EhFi, 508
T P S L TR R B A, IS N R
FEFCA AL R LA & A . B, TS| [
Sk, Hmas R, EIBCRAR, AR KR IR INZ S
B A PR ZRE TR E K X

WIS AHE . AR AT T, BESEREE 30 £
FPAE 08, AT — W& RN TS B, el
PR I ESE TR, 1 U S SRR AN A, I TR
YR RGE . ML RGN E, H B 43R T S
R, HE B TR adE I P20 5L B(% FH] B).
FRPERE 1158, EZUHFETR . M. 40KE Tl A & e g
o 1, KREEA SR st Brid, FETF 2009 5K fi
T (E&HPrTREERE M IE & Y A S A s
gz ey M B4R BRSESE RGN FHL . E AT (EEM
Iy RERE 1), BeBiLr BRSSPI B) . Bacbhpcnt . madk:
FEID . Bl 55 DAl YR F F & dhn 1, Hoh B3E5ehn
T T ATREWS N A S SRR KRR SN2, SR
2155 Tk ekl vl BE VS N0 32 2L fh AR S B &
NN 1 SN Y N R

R 7 L R A 2R3 A B SR S AR R Tl R AE £
R TR, T R ot £ [ s ARG B S A W
SRR T Gk vk, DARBRE a2 4 R P fi e . 8%
ST YIRS R A R ARG L e
JEMEP BRI SRR . RO I I
P S A Tl YR R I ik 3 A WM 3
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E A, [ s RS £ i v B SE ST AR RN Ll e iy R

il

TLSCHRARE .

WG R FH NGV AR T R, 8 = SO A €655 -
2 B T i 7 (ultra performance liquid chromatography-
tandem mass spectrometry, UPLC-MS/MS)F:illl, 757 T [A]
I S /NZ SR i S K B Rk 5 Rl BESESE AR WD 6 Fh
Colb ey 44 ik

2 MRERE

2.1 {LEFH5AH

Aglient 1290-AB SCIEX QTRAP 5500 i## i S0 AH (4
- BRI T AV (32 [ AB Sciex 23 ]); 3-18KS i A VR B .O
HLEEE Sigma 2 F]); MS 3B iMHER % I (FEE TKA A #]);
DPE-2120 Jigh4 75 &% AX(H 4% Eyela 23 #).

TETEGE . MOME . WIREE L HEAT T FEE L TRV,
F P B ERPERS TT L DR 1T Btk 1(AiREH>95%, 1
[ Dr.E A l); SfiEieE Ol A 81.0%, 5[ Achemtek
2l

W, 205, WER(EgEa, L ns);, G
Bredi, WHERNEATD; JoK SR prel, E24ER);
TeKBRBREE (P 2li, i % A a]); KiK.
22 KWHE
22.1 AR

Ay HIRRBGE PR EYI T, H RS CHEK L, Vg
O E RO IV HINERE i, OIS ESR), i
AL 100 mg/L A PAbRGEEH, FREILECHI AL 10 mg/L fOTR
G AR UERS R, 5 TR B R
222 AsHl&

A REFEMERES 200 g, MTEYS), AR R AR
e, wE, HARARIE.
223 HmETaE

PRI 51380FE 2.00 g B F 50 mL .04, A 3 mL
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K. 15 mL ZH5IRAL, A 1.5 g KRN, WIERY
2 min, A 10000 r/min &.0» 5 min, B F¥ERL 6 g JTL/KEL
FREE, IBWR T 40 C TR ZARMAET, MA 2.0 mL &
i +0.1% FF R 7K (95:5, V:V) sk, Wl &5 5% 5
10 mL 2,08, L 4000 r/min 2.0 2 min, 3 0.22 pm %
HEE, R E o
224 BBLEMH

(Ot &4

3% 4% SB-C;3 RRHD (2.1 mmx50 mm, 1.8 um); 4%
M: 35 °C; HEFRE: 2 pL; WshA: A HHEE, B R 0.1%HF
WK, B EE VR FLT: 0~4 min, 5% A, Ji# 0.2 mL/min;
4.5~7 min, 60%~95%A, ik 0.3~0.4 mL/min; 7.1~11 min,
95% A, W # 0.5 mL/min; 11.5~15 min, 5%A, i &
0.2 mL/min,

)ik 51

B TR HIBE 55 B 1Y (electrospray ionization, ESI),
R Pl IR A s 1, HARBRAIEE FRHL, IEM
BT RN RAE B TR 550 °C; AR 35 psi; AL
55 psi; PGB 55 psi; WEEES: medium; B FIHII%E
WL 5500(-4500) v, 434 7 X 2 S i M I (multiple
reaction monitoring mode, MRM), HAKFIESHUILE 1,

3 HRESM

3.1 BIEHERRERL

R T Cg. Cig. Hillic AN FZRAI €5, R
BIFHSME T, Hillic #E IR 2, B Rs 1T . ik
L. MLV EA R, i CoiE bitEH 1. RS IVE
TEXFRIEAE, (MR H C o BB 172 LI b Cg B LI
SB-C;s RRHD(2.1 mmx50 mm, 1.8 pm)WiRfE, *FExnmmE
SMWETA H AR B EOT, B ROR B, REUE i
W, IE. AETFEEF A MRM Gi5E LE 1. B2, &5
TXFFERE LA 3, 28 (ARSI INARED B ) MRM (55
FILE 4,

WA ERTHEYS 01%FRKIRGRMIES
20 mmol/L ZFREHIRA Wi (pH4.5) WA Ve, KK 2 Fh
S R UETE B A B s R AR 22001, BT 35 10 R AR o v,
TR 0. 1% H K VR M sl . TR PHLIVEE Cig
LA BRAERE, ik e m e ok, A&
WS SN E] 0.5 mL/min 7545 4 min; FEVER P
ZIIVATE B, ELER T 100% AN AP JEE:0.1% FF R 7K (95:5,
V2 MoK, & IS 0 R O R HOEE 1AS, SO ST
211V 0 B[] PR 4 B SRR 1 B 481

F1 SHERTEYEM 6 # T EHRIESK

Table 1 Mass parameters of 5 kinds of pericarpium papaveris alkaloids and 6 kinds of industrial dyes

& B BrEF FEF IR E(V) A RE(V)
165.1% 47
ng ESI(+) 286.1 109
181.1 51
/ 215.1% 33
AT ESI(+) 300.1 105
165.1 54
" 58.1% 41
R ESI(+) 312.1 84
281.0 17
220.1% 29
Aw T ESI(+) 414.1 83
353.2 31
) 202.1% 35
e ESI(+) 340.1 78
324.2 40
147.1% 37
BPERE O ESI(+) 268.2 103
252.2 42
355.2% 78
% F1H0] B ESI(+) 443 1 45
399.3 57
267.1% 46
TR 1 ESI(+) 283.1 107
253.1 46
i 77.0% 25
A 1T ESI(+) 213.0 95
121.1 28
. 224.1% 28
HTFLLIV ESI(+) 381.1 94
276.1 29
155.9% 34
PR AR 1T ESI(-) 326.9 —45
170.9 —41




110 B 24 iR AR I 2

PORIRIDIRIRD

66 |

SREE
&
{o)

066 |

L sa;'i

, A. R , L \ , , a\ﬁﬁ , A A A R L

00 05 1.0 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Pt [

Bl 1 EEFREUN Y S RSG5 R Tl 3R MRM 835 5]

Fig. 1 The MRM chromatogram of 5 kinds of pericarpium papaveris alkaloids and 5 kinds of industrial dyes in positive mode
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Fig. 2 MRM chromatogram of orange II in negative mode
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Fig.3 MRM ion pairs abundance ratio of 5 kinds of pericarpium papaveris alkaloids and 6 kinds of industrial dyes
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5 OL Lo

s _
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ifE]  time

£ 400 % 1 [ (thebaine)312.1/58.1

B

#45120.0

5 15.0

2 10,0

g5 390 ™

£ 50-

0 2 4 6 8 10 12 14 16

fifE]  time

< 3‘(5)'8 - BB I (chrysoidine 11 )213.0/77.0

2

42(&%0183

i o 1501

S 00f

g 50k
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it time

2200 FiM:AEEE Oauramine 0)268.2/147.1

5150—

8 10.0f

E2 sof

£ o
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A time

2250

%200+  ZJ}H] B(thodamine B)443.1/355.2

o .- 10.07

FZ 50t

£ 0
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A time

S 200 B8 1(Thioflavine T)283.1/267.1

Z15.0

#510.0

%3'1_%2 5.0
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E—SO
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A time

£ 70  Hf#H(codeine)300.1/215.1
= 6.0 -
= 5.0+
25 50l
B 20f
2 10t
g8 0
E-106 2 4 6 8 10 12 14 16
ffE]  time
= }(2)8 r JBSERS(papaverine)340.1/202.1
% 8ot
W& 6.0
BN 40r
@ 201
g 0
= L
=206 2 4 6 8§ 10 12 14 16
WA time
o 10.0F #ARA] T (narcotine)414.1/220.1
E 8.0+
Z 601
25 4ol
H
£ 201
5 o0
=
=200 2 4 6 8 10 12 14 16
] time
g 100 BRI 11 (orange 11)326.9/155.9
Z 80+
s 4o
Hp 20
£ 9ol
§2'0024 6 8 10 12 14 16
- iFE]  time
& 5(5)'8 S5 FHLT IV (sudan [V )381.1/224.1
M5 15.0
H 100
2 50 "
E %2 4 6 s 10 12 14 16
fifE]  time
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Fig. 4 MRM chromatograms of adding 10 pg/kg of 5 kinds of pericarpium papaveris alkaloids and 6 kinds of industrial dyes in blank sample

3.2 RETALEREMGLIL
321 REGKA) LB

QR K M A B R 1% = H R (5
0.1 moL/L £h/R): 25 (8:2, V-V), TR IECLiliNg, T4
Wi, RAECERIES @RI IVER 80%L) |, Bl
PV B 50 0 O be b Tk 2 NG & it i 7
(CTEE 80%LA 1), TUIEEAS A& e T Bg (9 I [n) B, 288
DIE RS HMESBIIR, FRBGSCERBET .

322 BEfREEREE

FHT NG W51 7K (3 0.1%H R KA 4] L A
)& TC AR A VS iR B TS VA R, A5 R DL T +0.1% H R /K
(95:5, V- VYIRS R B
323 Ak

(1)Cys. PSA H bt

FRBR RS 1T BHEAE SRR oA, ZEAE RIS, £
A BRER R 150 mg Cig. 60 mg PSA #EATEHEFIA
AL 3 ARG, AR A e E AR R
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FALIE YRR T 20% L0 | o

() A AL TNV Ve 1

FH PCX. HLB. MCX %[ 4§ 25 X (solid phase
extraction, SPE)/MEHFAT#4LIATS, PCX /MEXTIRIE B O
HRSREEE, BB RAE i Fn e v ok, HmlleR
JLFH 0; SR HLB /ME, B FH B st 1A RICRR
& 30%; SR MCX /MK, BRYERS TSGR AL 25%.
324 ARBLH K

43 A ZS FURE h BRE TRORI R Sh AR AR BT, T

AH L B AR T AR 2R EA T 2, 588 T[] v J3E AN ) 3
A 0 8 o A, 43 A B Y1) 5 T %07 (matrix
effect, ME), RAKINAN: ME=B/4, HH AF1 B 433 FEm
H AR AL I3 S A A 25 SO W i TR, 47 ME<,
Wi W BE B 2530 H AR R ma R ; ME>1, D05 B Bxs H AR
Wi AT BESRAE FH; ME=1 KR AAFEAEIE T e, /)
—JIA N ME 57 0.85~1.15 BATELEIL TSN . MFSH 5
T BE SRS MIHRRT 6 P T lb YR AEAS [ S b (1 25 iU
LA 2, W TR A R SR R B, (H AR

F2 TEREN S HERFTEVEF 6 # Tl FRERE T A mER B E R
Table 2 Matrix effect factors of 5 kinds of pericarpium papaveris alkaloids and 6 kinds of industrial dyes in different concentration
and different products

ME
fesrdy e/l KR KR Bt R B A K
2.5 0.516 0.556 0.515 0.436

e 25 0.398 0.439 0.486 0.458
100 0.396 0.452 0.486 0.471

2.5 0.467 0.668 0.820 0.852

GRS 25 0.559 0.729 0.890 0.949
100 0.613 0.821 0.886 0.973

1 0.842 0.823 0.932 0.971

AT 10 0.781 0.816 0.909 0.919
50 0.728 0.891 0.857 0.941

1 0.690 0.756 0.797 0.932

FHEN 10 0.674 0.712 0.862 0.918
50 0.578 0.753 0.812 0.884

1 0.803 0.833 0.825 1.07

BT 10 0.649 0.798 0.894 0.915
50 0.552 0.767 0.833 0.940

1 0.886 0.891 1.08 1.12

THAE BT O 10 0.815 0.835 0.860 0.978
50 0.698 0.810 0.796 1.00

1 1.01 1.02 1.25 1.15

% 7] B 10 1.03 1.09 1.13 1.12
50 0.934 1.03 1.05 1.06

1 1.04 0.988 0.937 1.09

Bl 1 10 0.967 0.965 0.979 1.01
50 0.828 0.925 0.894 1.02

2.5 0.650 0.824 0.839 0.991

P 11 25 0.461 0.801 0.673 0.735
100 0.406 0.768 0.654 0.660

2.5 0.725 0.965 1.05 1.16

FFHLIV 25 0.698 0.811 0.715 1.25
100 0.658 0.842 0.741 1.20

1 1.29 0.936 1.05 0.854

R 11 10 0.980 0.912 1.00 0.974
50 0.908 0.963 0.958 1.05
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RO, T AAO0 FEAS R T, 3 e FH A 1 5 A
WETAERIZR, CRAEFARBORAR B A MR B Tk 25 ik, T
FEATHBREE TR, A s ek . feE . 1t
WG T 7k B A SR BGHE— L B 08, AT 1Y,
3.3 AERGMESEE R LR
331 IR RAE K R

TRA SRR KBS BEES AR L MRS 4 Fh
ANTRI 25 FURE S 3 RO A b v 00 IO P s R i, ol
AN FEHE R 1.0, 2.5, 5.0, 10.0, 25.0, 50.0. 100.0 pg/L
FETFRRE UARR IR, FARE S il g, 2 iilbrik 2k .
LR [ AR AR OC R B 3.
332 HdmR

FEZS IR TP R AR ED) S 6 T, RS e e
3 USRS ok R, BASERR . ARAT T, BN B
B B BRPERS TT At et O it 1 AAs By 1.0 pg/ke,
e ATRRER L BRMERS ID . JRFRECIVAR RS 2.5 ng/kge
34 [EIRERMBEELE

S A KRR . OB S . BEES R L IR %E
FES R, I 3 AR BE A TR A bR s i,
ANRIUKEEEME 6 Kk, DIIEFARETAEML ER, it
OV RN A BB B B o AR T34 SR 72.2%~108%,
AH Xt B3 vE J 22 (relative standard deviation, RSD)N 2.5%-~
9.6%, HARZEIRILE 4,
3.5 SKPREERNE

KA BRI A, ST 62 4y R B H XA

B YR i n . R AGER . T, k. R
P RER . BRI KB A SRR AL, SR
BRVERS I BHPERES 6 A4S, & &2l 0.00706~74.2 mg/kg, H
FPOREBE A A 11y, RN 74.2 mg/kg, HOCEERE 14y, &
HON 0.0159 mg/kg, HABWEEREE K, SN 0.00706~
0.337 mg/kg, 5 ARG T4 SN L S £ Tl
WA . A TSRS I T Tl gekt .

F FEL Xt B i v B S ST AR W R Tl Rl 4 S A A
TR IARHE, (X SERRAERE R G, R Tk Y
LRI £ A B — SR, HA — ey A IR A 2, ik
Z RGN £ it v B SE ST AR R T YR s . AHIF
FER A CIEERAEE PR, B8 S RO AR €6 5 I LY
WM5E, ATALBIARTE R SPE /MEdfb, FikEpes, H R
B L A O B A, b B SR E A WA s R
DB 31/2010-2012 (K50 & R B2 3E0E . Monfe . HRmT T, wf
FEDR L 8 ECL DR 000 A 3 R BB R 105 ) e B A6 1 BR
CHEBESERR . MomE, ARAT T, A RREE | o L BR AAG H FR40-5)
& 8. 40, 8. 40, 8 pgke), MAMEAE I, BEEEHE O BY
o R UL T DBS22/006-2012 £t FR R TS | Bt Al
LB P B 2 O V90 2 -V R 30 R IR ST di8 ) I CRL e
B IL AL O Rl IR 5.0 pg/kg), & [RIEHAL/N
W7 2 i R KO IR HP 1 B B 58 A AT Tl ek 1 A 5K
i

F3 KMWERE. KMEEEFE. BXRIGHR

Table 3 Linear ranges, linear equtions, correlation coefficients and limits of detection

EY PREGI ] (min) 2Rl (ug/L) LRl A R AR REL o HH PR (ng/ke)
nh e 0.83 2.5~100 Y=3.19x10°X-3.97x10° 0.9986 2.5
AR A 5.15 2.5~100 Y=1.58x10*X+4.14x10° 1.0000 2.5
FHEH 5.29 1.0~100 ¥=5.07x10"X +1.31x10* 0.9999 1.0
Heary 5.37 1.0~100 Y=1.19x10°X+5.31x10* 0.9999 1.0
BRI 5.36 1.0~100 Y=1.43x10°X+4.34x10* 0.9999 1.0
BRPERCE O 5.62 1.0~100 Y=2.8x10°X+4.09%10° 0.9984 1.0
2710 B 6.11 1.0~100 ¥=2.33x10°X+4.72x10° 0.9988 1.0
BRPERE 1 5.48 1.0~100 Y=2.78x10°X+3.92x10° 0.9992 1.0
PR 1T 5.42 2.5~100 ¥=6.32x10*X+3.22x10° 0.9996 2.5
FFHLLIV 8.76 2.5~100 Y=1.2x10*X+4.31x10* 0.9980 2.5
[irgexcAll 6.08 1.0~100 ¥=1.73x10*X+1.59x10* 0.9999 1.0
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R 4TRSS FNE K ESER (1=6)

Table 4 Recoveries of 11 kinds of in different samples (n=6)

KR KB W75 A% M
Lot IR - ” ” ”

pg/kg EES RSD EEES RSD EIES RSD &S RSD

(%) (%) (%) (%) (%) (%) (%) (%)

2.5 77.2 9.3 81.4 7.5 85.6 6.3 87.2 6.2

Ny 5.0 81.6 8.8 83.4 6.8 87.9 5.7 91.3 4.9
25.0 83.8 72 86.2 6.9 92.0 6.5 91.7 5.3

2.5 83.2 6.3 89.5 6.6 81.2 5.9 83.3 4.7

CIEE3es| 5.0 82.6 6.8 96.1 7.1 83.9 5.3 81.9 5.0
25.0 89.4 5.7 103 4.9 88.6 6.1 94.8 4.3

1.0 86.3 72 88.2 5.3 95.6 4.9 912 4.8

HEH 2.0 92.0 42 83.6 5.1 103 5.7 93.6 4.5
10.0 92.4 43 95.7 43 98.1 4.5 105 32

1.0 822 5.6 85.2 5.6 93.1 6.8 88.2 4.6

AT 2.0 86.9 5.3 88.3 3.8 88.5 7.1 85.3 5.0
10.0 99.2 5.0 99.5 4.2 96.4 4.3 92.4 4.7

1.0 80.3 5.1 85.4 5.7 84.9 5.5 83.4 4.4

e 2.0 80.9 5.3 89.8 5.9 81.2 5.3 87.5 5.9
10.0 87.6 3.8 91.6 5.1 96.0 5.9 95.3 5.3

1.0 86.2 6.3 89.0 3.9 90.2 4.9 90.2 4.6

DAL o 2.0 83.2 5.2 95.7 43 95.3 43 93.8 4.1
10.0 91.6 47 101 3.6 103 3.8 95.9 3.1

1.0 87.2 6.9 95.0 4.8 86.1 3.2 92.3 3.6

ZF#] B 2.0 91.3 6.2 99.1 43 93.9 3.4 96.1 3.0
10.0 91.8 5.4 104 4.1 99.4 3.6 99.8 2.5

1.0 86.5 4.6 99.1 4.3 95.6 4.0 91.0 3.9

Bl 1 2.0 99.2 42 102 5.2 93.8 4.9 927 3.3
10.0 98.6 6.4 108 3.3 97.5 3.7 94.4 3.0

2.5 722 7.9 78.8 6.9 80.2 7.8 83.6 7.1

T 1T 5.0 75.8 8.3 81.3 6.4 83.4 6.3 85.1 6.4
25.0 77.4 6.6 80.4 6.5 88.2 6.5 88.3 5.6

2.5 75.1 9.6 78.9 7.4 77.6 8.1 85.0 6.9

TV 5.0 76.9 8.3 773 8.1 81.9 8.0 88.7 5.5
25.0 80.2 7.4 83.7 7.9 89.6 7.6 90.7 4.1

1.0 88.9 5.3 85.4 5.5 85.5 5.9 89.2 5.6

PR PERS 11 2.0 93.2 6.0 89.7 5.3 89.8 5.6 92.1 5.1

10.0 99.7 4.6 101 5.7 96.8 5.0 97.6 4.7
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