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 E R EIR e B P Ok kG ek, ik RN a0k €36 B gk (HPLC-MS/MS) ., &4
Stk 6354 A SB-Cus, A EI A8 4 10 mmol/L W #4 4%- T (A% B e BL) , ik 7 0.2 mL/min, AL:B 4 30 °C, #H#F 4 10 uL. A4
M BTRACTFETR, EMNFXARET S BT R EEN, BF5EIEA 3500V, FIHRAEE N 350 C, TRALEH 10
L/min, 248 A4 S L A A, A2 TE B A m/z 50~1 000, #5R . MAL MBI 4R BAEL HAL 241 8%
41 Fo oA G A M B iR E P36 B &) 4 5.313 5~531.35 ng/mL(r=0.987 0) ,1.312 0~1 312.00 ng/mL(r=0.994 8) ,124.480 0~
2 824.00 ng/mL (#=0.983 2) .6.300 0~630.00 ng/mL (r=0.964 8) ,1.035 8~517.92 ng/mL (+=0.996 4) .0.552 0~1 104.00 ng/mL
(r=0.909 0) .5.046 3~2 018.52 ng/mL(+=0.996 2) .5.046 3~2 018.52 ng/mL(r=0.997 6) .1.079 5~2 159.00 ng/mL(»=0.990 0);
ZFRH 54 10.418 7.1.131 0.68.401 0,13.695 7.1.670 7.0.238 0.3.973 3.1.064 7.1.285 0 ng/kg, i [k 23] 24 3.125 6.,0.339 3,
20.520 3,4.108 7,0.501 2,0.071 4,1.192 0,0.319 4,0.385 5 ng/kg; #5 55 & A& LM F H X I 69 RSD<3.0% ; B F A 91.2% ~
99.1% (RSD 4 0.7% ~2.2% ,n=6), 4 :Z 5 kL Bk IHES HERE EANTLRIMFIMFEZLEHVR
B AE ]
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Simultaneous Determination of 9 Illegal Dyes in Carthamus tinctorius by HPLC-MS/MS

LI Tingting', LI Liang®, LIU Li', ZENG Zhen', KONG Weidong', LIU Fen®, SUN Qian!( 1.Chengdu Institute for
Food and Drug Control, Chengdu 610045, China; 2.Armed Police.Jidngxi'Corps Hospital, Nanchang 330006,
China; 3.College of Pharmacy, Nanchang University, Nanehang 330031, China; 4.Renhe Hospital of Shanghai
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ABSTRACT OBJECTIVE: To establishy the method.for the determination of 9 illegal dyes in Carthamus tinctorius. METHODS :
HPLC-MS/MS was adopted. The"determination was performed on SB-C,s column with mobile phase consisted of 10 mmol/L ammo-
nium formate-acetonitrile (gradient’ elution) at the flow rate of 0.2 mL/min. The column temperature was 30 °C, and the sample
size was 10puL}Mass spectrometry condition: electrospray ion source, negative ion multi-ion reaction monitoring mode, ion spray
voltage of 3 500 V, drying gas temperature of 350 °C, drying gas flow rate of 10 L/min, colliding gas of high pure nitrogen gas,
scanning range of m/z 50~1 000. RESULTS: The linear ranges of ponceau, acid red 73, lemon yellow, azorubin, allura red, gold
orange Il , sunset yellow, pyrosine and golden orange G were 5.313 5~531.35 ng/mL(»=0.987 0),1.312 0~1 312.00 ng/mL (r=
0.994 8),124.480 0~2 824.00 ng/mL (+=0.983 2),6.300 0~630.00 ng/mL (+=0.964 8),1.035 8~517.92 ng/mL (»=0.996 4),
0.552 0~1 104.00 ng/mL(#=0.909 0),5.046 3~2 018.52 ng/mL(»=0.996 2),5.046 3~2 018.52 ng/mL(#=0.997 6),1.079 5~
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2 159.00 ng/mL(7=0.990 0) , respectively. The limits of quantitation were 10.418 7,1.131 0,68.401 0,13.695 7,1.670 7,0.238 0,
3.973 3,1.064 7,1.285 0 ng/kg. The limits of detection were 3.125 6,0.339 3,20.520 3,4.108 7,0.501 2,0.071 4,1.192 0,0.319 4,
0.385 5 ng/kg, respectively. RSDs of precision, stability and reproducibility tests were all lower than 3.0% . The recoveries were
91.2%-99.1% (RSD=0.7%-2.2% ,n=6). CONCLUSIONS: The established method is specific, sensitive, simple and rapid, and

can be used for the detection of 9 illegal dyes in C. tinctorius.

KEYWORDS HPLC-MS/MS; Carthamus tinctorius; Ponceau; Acid red 73; Lemon yellow; Azorubin; Allura red; Gold orange
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LIACHIR T B RAEWILLAE Carthamus tinctorius L.
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TN 75 21 %7 B8 5 (7% [E DEEhrenstorfer 2 &) , fit 5 .
91117, 4[] - 81.0% )R PE 2573 XF B i (FiL5 - 111955-
200701, 4ES 1990% ) | #7 1 # X IR (A5 .
510004-201401, 2 ¥ . 95.9% ) B & T 20 %F B & (L5
520054-201401, 4 i : 99.9% ) % 221 % B8 i (it 5 .
510003-201401, 4l J& : 91.0% ) . 4 8 1T %f B8 5 (it 5.
111769-201302, 4l i : 98.2% ) . H 7% & % B8 5 (dit 5
510005-201401, 4 i : 89.0% ) | 7% & 21 %F B o (FHE 5
111772-201202, 4§ . 97.5% ) 0 [ H [ £ 8 2 S kG e
5% BE 5 4 8 G XT BR & (32 [E Acros 2 ], it 5 .
A0338124, 4l : 85.0% ) ; H R LM M iiali, Hidy
BN AT, KRR AlK
1.3 Zhtt

L1 4625 1 (4L 5+ 20150007, 20150009, 20150010,
20150019, 20150020, 20150022, 20150024 . 20150029
20150039, 20150043, 20150045, 20150047 . 20150069 .
20150070, 20150071,20150072, 20150085) 3k [ 24 #1
MY EBE 2455 G IR, 28 AR TH £ i 24 A K 30 A
FEBEAL TR AT 2 IS S B o
2 FiEEHER

TEZED; 2017 45 28 5 27

2.1 RIEEMH
2.1.1 @ik &MF @A SB-C(50 mmx2.1 mm, 1.8
um) ;3 sHAH : 10 mmol/L HiR4% (A)-Z i (B) , B 1k
B CHE AR Y D2 1) s YA < 0.2 mL/min; A1 2 30 °C ;i
P10 pL.
x1 BRERBRER
Tab 1 Gradient elution process

T[], min A% B,%
0 95 5
1.00 95 5
125 85 15
350 75 25
7.50 70 30
11.0 5 95

2.1.2  JFRIEAME B TR R T W Oy 2L
TS F 2 B 0L W Wl B8 W5 55 [ ¢ 3 500 V5T
RS TRLRE < 350 %6 TR 70 s 10 L/min; BlFdE <« g5 4l
RESIHR TR mlz 50~1 000, iS50 % 2; $2 5
ST 1o

F2 &S

Tab 2 Parameters of mass spectrometry

&2l BHT BAET R RERE eV (REIE,min
WHL 4351 194.0 198 46 35
355.1 n 35
frRANK) 5111 3020 14 19 30
ml 4 30
fite# 4671 198.0 260 18 80
799 66 80
BR R 4511 3770 176 19 35
170.0 4 35
HRa 4309 207.0 188 3 35
3710 n 35
SEI 071 1711 154 2 30
156.0 34 30
A& 407 3269 180 n 35
206.8 30 35
TRERET 8348 662.8 210 37 30
5370 37 30
4G 407.1 3020 119 14 35
220 38 35

2.2 BiEMHE

2.2.1 TRAXTHESLVEW KRR IR A I A 43 ) By
295 mg, 43 HI'E T 100 mL B, 1150 % £ 7 W i
JEE 25, ] A BA— Xof Rt VA VL 5 788 et L b 3R R — %
PRUATRAS 1 mL, BT 25 mL &, i 50% RS RE
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H ¥ HRERLL L8 G
A.ponceau; B.acid red 73; C.lemon yellow; D.azo red; E.temptation red;

F.gold orange 11 ;G.sunset yellow; H.red moss; 1.golden orange G
Bl REREETFRE
Fig 1 Extraction ion chromatograms

2.2.2 MHASAW  BUREAL 0.2 g R EFRE, N T0% &
WEVA I 20 mL, FRE JBUE , B 75 (D32 250 W, 5%+ 59
kHz) b B 20 min, Ve, FRPRE R, 1 709% LB
AMEIRR I BT AL, 28 0.22 pm LR BRI, BRI
I

SRR 2. 2.1 BT Bk Rt TS B,
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T0% LB W LN R £L TR PELL 73 APt (A &
AN S AN Y ol IN S RS W AN ot A CTiR =e7id2 2
¥4 0.5.1.00,5.00,10.00,20.00,50.00,100.00,250.00
500.00 ng/mL {) 24 B — X R LA . S R RO AR
B B — Xk BRI AT 10 uL 4521750 IR I AR P A
WE R R . DLARFIN o0 i e B (x, pg/mL) oy
B AR AT () PN AR AES T LA 0], 45 0] 7 7
HERMEIEHL PRI 3,
®3 MAFR EEEESEER LNR
Tab 3 Regression equation, linear range and the lim-
its of quantitation and detection

TR [ELEYE HAHiTH ng/mL r SRR, ng/kg B, ng/kg
[N y=12.76x+68.13 5.3135~53135  0.9870 104187 3.1256
[ zANA] y=88.50x+554.74 13120~1312.00 0.99%48 L1310 03393

il y=111x+10.17
(R y=4569 3543697

124480 0~2824.00 09832 68.4010 205203
6300 0~630.00  0.964 8 13.6957 41087

B y=2722x+220.88 1.0358~517.92 0994 1.6707 0.5012
Ell y=45041x+4019.47 0.5520~1104.00 09090 0.2380 0.0714
ik y=254Tx+141.30 5.0463~2018.52 0.9962 39733 1.1920
L y=258.46x+888.68 5.0463~2018.52 09976 1.0647 03194
EAixd y=03.14x+253.58 1079 5~2159.00  0.990 0 12850 0.3855
24 TEEMRSWMRER

RS 2.2, 17 T 1R A S I e OE £

FORR RS, 42 2. 17 T R IR A5 PR U RF 0 e 2 £ M4t L oy
10: 1A, £ 22 1 B 52445 e LUSA 3 51 B, A5G B , 1R AL
%3,
25 e I

HUU2.2.17 01 N IR A X AR RGE /=, #5202, 1700 R i
U6 S5 F P SR REIN 58 6 U, 0 S TR AN . S5 IARLL .
FRYELT 73 Frif et A L SERer & Hige.
IR B 2T FI 4 #8 G % T AR A9 RSD 43931 A 1.3% . 1.1%
2.4% 1.3% 1.8% 1.6% .1.2% .1.5% .1.2% (n=6) , 3
ARG % B AT o
2.6 TREMLE

HR“2.2.27 0 A S A T (L5 : 20150019) 38 &
A TR T ACE 0.3.6.12.18.24 h B 42,1735 T it
IO A A ERE I , e S I A, S5 IR AL R PR AL
T3 M MAEL AR T HE R ReELr
4 ¥ G U AL RSD 20 58 1.1% . 1.0% . 1.5% .
1.3% . 1.2% 1.4% 1.3% .1.1% . 1.2% (n=6) , 3 B izt
AR TR 24 h N FEATEE
2.7 BEMIKE

K 25 FR ILA] — AR A (HE 5 2 20150019) 38 4, 4%
“2.2.27 T 7 vk il A kK A A TR, 3L 6 03, PR 2.1 0
TR AR E ORI . S5 I AL R
ANENGE - P ERARG 71 SANN Y 4 | IN = 3 i
LT 448 G U AL RSD 43 51 4 2.2% 1.1% . 1.5% .
1.3% .1.2% 1.8% .09% .1.2% . 1.1% (n=6) , £ A )y
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HCEL S SRE i (A5 : 20150019) 3 B, 3L 6 7y, 43
BT 5T 2t (R I 50 % B iy, 42,2, 27 TR 5 ik
%’J%f B, T 2.1 T e AR R HE R E L i

TR R F TR i %, 45 2R L3R 4.

x4 BERERRXWLER(n=06)
Tab 4 Results of recovery tests(n==6)

TRl MAZ,ng  FHWEE g  MICEER, % FHERE %2 RSD,%
[ 5000 mns 93.0~96.7 945 15
Tt 73 500.0 4910 97.4~99.1 9. 07
FrigH 5000 4655 91.4~96.8 93.1 22
HEELD 500.0 463.0 91.0~949 92.6 16
R 500.0 4860 96.1~98.4 97 09
EiAl 500.0 4815 94.6~98.0 9.3 12
HYk# 5000 4770 93.7~96.7 954 1l
P 500.0 4760 943~96.1 95 07
2#G 5000 4855 96.5~984 97.1 12
2.9 HEmPEEWREN

B L7 HERR S A1 i, A i Ha < 2.2.27 TR il £ At

IR ARV, FF4% 2.1 0T IR A5 A A DU A |, 1 sk e T
BOUF TSR AL & i, 85 2R UL 3R 5 (R “ND” Sy A A& il
).
=5 HFMENER(n=3)
Tab5 Results of samples test(n=3)

IS TR RMAD BEE O BEEL AR 4RI BEE R 2
20150007 ND ND ND ND ND  296.16 ND ND ND
20150009 ND 36421 41261 154 ND  ND 13014 ND  ND
20150010 ND ND  4888.89 ND ND ND ND ND ND
20150019 ND 35376 129805 264 ND  ND V80338 ND. ND
2010020 ND 61701 332856 ND .. ND AND. 188094 ND  ND
20150022 ND ND 339920 ND ND ND 399.76  ND ND
20150024 ND  NDEWI303%6. ND 'ND ND  ND  ND  ND
20150029 ND ND©  2129.63 ND ND ND ND ND ND
20150039 ND ND ND ND ND 1.69 ND ND ND
20150043 ND 29809 111704 ND  ND ND 38361 ND ND
20150045 ND ND  6850.71 ND ND ND 14314  ND ND
20150047 ND 56507 109323 3007 ND  ND  ND  ND ND
20150069 ND ND 1119.70 ND ND ND ND ND ND
20150070 ND  150.16 ND ND ND ND ND ND ND
20150071 ND 3264 56967 ND  ND  ND 120214 ND  ND
20150072 ND 36419 1333929 ND  ND  ND 252740 ND  ND
20150085 ND ND 330699 ND ND ND ND ND ND
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