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Simultaneous determination of 29 synthetic colorants in
Chinese herbal pieces by UPLC-MS/MS

ZHU Ri-ran, HAN Xiang-ning, ZHANG Ya—-nan, ZHU Qing*

( Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan 250011, China )

Abstract Objective: To establish a method for simultaneous determination of 29 kinds of synthetic colorants
in Chinese herbal medicine by ultra performance liquid chromatography tandem mass spectrometry ( UPLC-MS/
MS ). Methods: Chinese herbal medicine was extracted with ultrasonic by 70% ethanol. Supernatant liquid
was collected after centrifugation and separated on Waters Acquity TM UPLC BEH C,4 chromatographic column
(1.7 pm, 2.1 mm x 100 mm ). 0.02 mol - L' ammonium acetate and methanol were used as mobile phase to
elute at 0.2 mL * min™'; Selective—reaction monitoring ( SRM ) scanning was employed for quatification with switching
electrospragion source polarity in positive mode. Results: There was a good linear relationship between the mass
concentration of 29 pigments and the peak area in the corresponding concentration range (r = 0. 95 ). The detection
limit was between 0.1 and 0.26 ng. The average recovery range was 86.3%—116.3%. The relative standard deviation of
the method was 0.61%-3.76%. Conclusion: This analysis method has high efficiency and high sensitivity, and detection
of pigment types is more comprehensive. Therefore, it can be used for the screening of illegal dyeing in Chinese herbal

medicines.

* EfEVEH Tel:(0531)68617411; E-mail: zhuqing123@126.com
—AEE  Tel:(0531)68617988; E—mail : zhuriran@163.com

LRI S



1030 -

M 4 W 22 E ChinJ Pharm Anal 2018,38(6) ‘jPA

Keywords: ultra performance liquid chromatography tandem mass spectrometry ( UPLC-MS/MS ) ; Chinese herbal

medicine ; rapid screening; synthetic colorants

et R 2R R AR R A B R IR AEE N
W AEAE, FEALE (D) MY A aREB AR
FEH M EIR 5 (2) B 250 25 i 5O B A 2 6 K
TR 2 Yt R AN S B2 R H
IO R MA R BB P2k A LT F,
HHB A Y A AT B 1, B AR AR AT 3 AN (7]
FERE e E . HET, AN A AR I G €2 551 1) SC
[ SEEPNE 2§ a DO - L eV E Sl | TP O R R R
b2y v sV R bl I I B A7 R ol S i R el B T 6]
BEFEARAE 0, 2012 4F, B 5260 5h 245 b Wa B 4 B )
BEXT YL LB () th 25 & A TG T AR A A g
3N CRECrb2 bt B 285 2R R 245l A 36 b e A 3 T
PORIAS IS I H HEHECE ), (FIZ 38 UL K 4 O Ay
B RIRLT . H 5855 10 R0 Z AR, xR
il PR HEZ A6 B R TCRE N 77, IR S7
28 SR R A B R ) e 3 O A T
gLs-loJO

A G ST T = A AE A - HL 55
RT3 ( LC-ESI-MS/MS ) [a] I o2 v 25 84 J AR A
29 PG L R B AT DT Tk . IO TR E T
ENib)igiyioalllP S LAV Rl 4N SEE R Al s
BT ULGEVE GE SRR E B RS G A5
Pt (2 4 Betb A7 2 4% K 00 R U v, e PRk AN
SR BEAT 45 TUPE GRS bR s 2 G R A T i
1 XE5RH

Agilent 1290 Infinity i /5 Hs M AH €235 43 (6490
Triple Quad LC/MS ., ESI I, JEE4HEBAH] ), ACQUITY
UPLC BEH C, 3845 (1.7 um, 2.1 mm x 100 mm; 3
b T\ bE i e A iR I Waters A F] ) 5 Milli-Q
4l KHL (Millipore A FRZAH] ) 5 Mettler Toledo MS Hi,
TR KQ-500DE FUE 8 A ( B e XA
FABRAHE] ),

S T (E 25 48 A Ak 22 350 A R A AL ik 5
F20110711 ), 4 # I (Bl f7 T 38570 A FR 2 A, #it5
D1205024 ). 4 1 IV ([ 24 82 P Ak 2 1250 A R 23 7
fit5 ¥20121210 ) 48 8 G ( [E 24 4 A fb =30 A BR
oyl S F20120311 ), A LR () 25 4 A fk 2R
FIAT RS 7, #65 20070815 ) %2 FFH] B (B H7 T it

i

FIA BR A &, #5-D120502 ) 5% PE 18 2 (4 F CNW
R F A BR A A, 5 6A15G020 ), B PR #E 21 (18 [
CNW i 57 A R 28 A, it 5 1C46K025 )., B Pk 15 22
(78 = CNW 3550 A BR 2 A, $it 5 6A16G050 ). PR 14
21 73 (TCHIR 7 A BR /A 7], it 5 BTGGK-PG ) A7 45
B (4IL5 30117 ). H 7% & (4t 5 91001 ). 5 i (it 5
20115 ). & # (41t 5 10825 ) ¥J g [ Dr. Ehrenstorfer
GmbH 28 #); 7 FF 41 1 (it 5 SB05-266-2012, 1
mg* ml" ). FhPHL T (HE5 SB05-267-2012, 1 mg* mL™" ),
IRPH T (H#E5 SB05-268-2012, 1 mg* mL™" ) R H4L
IV (41t 5 SB05-269-2012, 1 mg - mL™" ) Hy 4 Ml &5 7 55
PRYEMI DI BT AE A ERLT (LS GBW (E ) 100164, 1
mg - ml" ), FREELL (LS GBW (E ) 100164, 1 mg+ mL™" ) JIK
E21 (5 GBW (E ) 100004a, 1 mg - mL™" ), B34

(41t GBW (E ) 100002a, 1 mg* mL™ ). 37 5 2L (3t &
111955-201301 ). 808 # 21 (4t 5 111940-201201 ) 4
F E 22y bR e i R A

F % ( HPLC 2%, 04DG3H, BB H /R A A BRA
")), L%k (LC/MS, 120294, Fisher RHEABRAR ),
7KK Millipore #BAEIK , HAxiaiil 1 Ry 4 prat,

HETM AR 2 2048 S A v AR
W R AT B R T B RN MR AT AR R
E N i RN I T I N E R DN oF i 8
B I H NI T, 48 L0 AR s 2R 2 SR
IS TE
2 FHik
21 ARUERSE A o IR B R A R
X R 249 0.100 0 g, FH % 5 25 2 100 mL, il 52y
1 000 mg - L™ AYEABRAERTR, 4 CHRAMF T IRAE. B
R BRI, TS RRAT REELT AR LT L Xt
PR A TR LIRS T - IV X B S AS 1 mL BT
50 ml 35t H, o HE P E A, B AT, VR R TR A6 IR
I
2.2 PHRE W AR A BRI 2 R ()
i, B2 2.0 o MG B FRE , B HIEHIE I T, K %
A 70% WK %W 10 mL, B , #0 Ab 33 ( 3%
250 W, 4% 100 kHz ) 20 min, 4 2 5 &, R E
FH 70% W B WAN R I0R  f, F85T , P L g s
(0.45 pm ) Y&, IZLER N5 .



=

Ty

(JPA B RN

Chin J Pharm Anal 2018,38(6)

1031 -

23 WAHEE - RIS R S A R
Waters ACQUITY UPLC BEH Cj, 4 % # (1.7 um,
2.1 mm x 100 mm ), %i 37 43 A 24 0.02 mol « L' it /iR
BV WL, B B BB EE UE B (0~6 min, 90%A —
70%A ; 7~15 min, 70%A — 55%A ; 16~20 min,
55%A — 40%A ; 21~25 min, 40%A — 10%A ; 21~25
min, 10%A ), i # 0.2 mL - min™", £ & 35 C. Jiid
A IE B HLWESS B Ak (ESIT) 2 45 s g Wi,
TR 200 C, TP HE 14 L - min™', 1
% 7% & 77 0.14 MPa, #5 < FE 250 °C, #5011
L min™, BANEHEIE 3.0 kV, B ELE 1.5 KV, Veap H
JE 5.0kV,

3 RS

30 BRIREAMERAL S BT O R K 3
T B B 15 R AN [) LU ) P 5 0, 25 5 3R W 70% HH
PR KSR ECR I 5 LA 70% FBE KO HRBOA B, i T
3 FPAS R B A %« AR ET P B ARl R Bk

R R, 45 S P PR O TR A, R R 5
Tl 2 PRI 55 SR RS2 0L, 7358 T
A 10,2030 mL 70% I BEK A AR, 245 SR 3 1
70% HEEK 20,30 mL Y AR PERCR To 2 R, R
70% HEEK 20 mL #EATHREL; SR AT A %, A 70%
FPE7K 20 mL, X435 %8 THEE 10, 15,20, 25,30,
40 min PFEPCHCR , 45 R A Z 05 Fh 20 min J5 , 4E
PRI (], P2 R TC 25 5, HAR G Sl Al 68,38
AN AR , O 20 min fE S HERUTE]

32 TSR AR IAE I B AN B T
BT X 45 (0 28 B — X BRI TR A T el e A
e R B 7 2 R B T 7R E BSTES Tl A LR
a1 i Sl R R R 8= K S R Y Wb
PRI B R S RN 2 A B o BIAE R
TR R B T LR RO I ( SRM) X,
AL T BARAE AW ST 1wl e k55 TS e
SR 1,

®1 AREEFREER
Tab.1 MS/MS parameters for the 29 synthetic colorants

o o ARRPArFREE HESTT W GRS FEVERT SE BT Tl fiE
(No.) ( component ) (relative molecular oy ( peri‘od ) (precursorion ) ( qualitative ion ) ( quantitative ion)  ( collision
mass ) (mode ) /min mlz mlz mlz energy ) /eV

1 M (tartrazine ) 426 (+) 1~3 469.2 451.0 200.0 20

2 B4 (amaranth ) 518 (+) 1-3 539.2 223.0 521.0 20

3 #Ei (indigotin) 610 (+) 1-3 423.0 342.0 233.0 35

4 JJHBSLL (carmine ) 509 (+) 3~4.7 539.2 223.0 158.0 15

5 HEZ (sunset yellow ) 483 (+)  47~75 409.3 236.0 173.0 20

6  H# G (orange G) 493 (+)  47-~75 409.0 391.0 316.0 15

7 BEHILL AC( Allura red AC) 510 (+)  47~15 453.3 217.0 202.0 20

8 A (methylene blue ) 625 (+)  75~9 284.2 268.7 240.6 40

9 AL (erioglaucine ) 624 (+) 9~11 749.2 306.1 458.2 50

10 fHAELL (azorubine ) 519 (+) 9~11 459.0 223.3 158.1 20

11 e T (orange 1) 475 (+) 9~11 329.1 156.9 108.9 20

12 Al # (brilliant yellow ) 405 (+) 11~12 581.0 283.3 133.1 30

13 HIJLHE (methyl orange ) 456 (+) 12~14 306.1 120.0 157.0 30

14 HFH4L (new fuchsin ) 548 (+) 14~16 330.0 223.0 300.1 40

15 40 O (auramine O ) 436 (+) 14~16 268.3 147.1 2522 30

16 LT ( brilliant Crocein ) 500 (+) 16~17 513.0 196.0 121.0 30

17 TfPERE 21 (basic Orange 21) 471 (+) 17~18 315.3 300.3 270.1 30

18 &A1 (orange 1) 484 (+) 18~21 329.2 128.0 156.0 20

19 FRGELL (erythrosin ) 530 (+) 21-22.8 836.6 582.9 3289 60
20 '2# (metanil yellow ) 418 (+) 21-22.8 354.1 169.1 109.0 30
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o o FAXS o3 I tl;%ﬁ A fi] AR T EPER T FETET filFf e 1t
(No.) ( component) (relative molecular oy ( peri'od ) (precursorion ) ( qualitative ion ) ( quantitative ion)  ( collision
mass ) ('mode ) /min mlz mlz mlz energy ) /eV
21 BfPERE 22 (basic orange 22) 491 (+) 228238 391.3 376.3 361.1 35
22 %P} B (rhodamine B ) 548 (+) 228238 4433 399.3 355.1 50
23 HIJLE (dimethyl yellow ) 420 (+)  23.8~27 226.2 120.1 133.0 30
24 XL ( Parared ) 484 (=)  238-27 292.0 122.1 137.9 25
25 73+ 1 (sudan 1) 478 (+)  23.8~27 249.1 232.0 128.2 25
26 808 4L (808 Scarlet ) 500 (+)  23.8-27 368.2 275.2 219.2 15
27 #HSHI (sudan 1) 495 (+)  23.8~27 277.1 121.0 106.0 20
28 FJH (sudan 1) 507 (+)  23.8~27 3532 197.0 155.7 25
29 J3PHIV (sudan V) 518 (+)  23.8-27 381.2 224.0 106.1 30

33 LMEXR R AFEEMEI TR g
AR Y AR, bGP & i X i Ak b, 2
SERRAEMZR , 29 TG BUE (2 06 R R AT, 2k
Pk FE A O R B L 36 2, LRV M 0.19~27.3
pe - mL™ 5 PR AR R BRA 0.1~0.26 ngo SRR

HEVS IE SR FE AR 8 3 A 2 EURE o, 20 0 s
0.02 mg * mL™" ) 29 Fft {4 R A5 X BTA T 1 mL,
SEATINE 6 UK, R A8 KON 5 B 0 WLk 3, - 24 [l
WS R 86.3%~116.3% , J7 7k BUAHN AR fi 22 4
0.61%~ 3.8%,

®2 GHEBHNSEEERN, EEGRE, HXRHMNEH TR (2=5)

Tab.2 Linear ranges, equation of calibration, correlation coefficients, and detection limits of synthetic colorants studied

i W5 oIEpeT L ol FIR
(No.) ( component ) (equation of regression ) ' (lincar 1'an%f ) (LOD )/ng
/(pg-mL™")
1 Fri5EE (tartrazine ) Y=391.17X+20.219 0.999 6 0.22~22 0.11
2 4L (amaranth ) Y=71.575X+142.97 0.997 0 0.2~20 0.10
3 §E Cindigotin) Y=409.03X+396.28 0.9547 0.2~20 0.10
4 AT ( carmine ) ¥=99.915X+11.58 0.998 6 0.2~20 0.20
5 H % # (sunset yellow ) ¥=79.223X+5.827 6 0.999 4 0.26~26 0.26
6 P8 G (orange G) ¥=92.32X+39.615 0.990 6 0.2~20 0.20
7 B[y 2T AC (Allura red AC) Y=87.719X+54.438 0.990 7 0.2~20 0.20
8 8% ( methylene blue ) Y=18.553X+4.261 5 0.989 8 0.2~20 1.00
9 HHBELT (erioglaucine ) Y=163.58X+7.011 8 0.998 3 0.2~20 0.20
10 % E4T (azorubine ) Y=132.14X-1.262 0.999 9 0.2~20 0.20
11 FE@ T (orange 1) Y=238.72X+2.869 8 0.999 9 0.23~23 0.23
12 A (brilliant yellow ) Y=88.534X-3.605 1 1.000 0 0.19~18.8 0.19
13 F 4 ( methyl orange ) ¥=247.92X-6.598 1 0.999 9 0.27~26.8 0.27
14 BTAHAT (new fuchsin ) Y=207.61X-19.08 0.999 9 0.23~23 0.23
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(No.) ( component ) (equation of regression ) ' (fincar ran?;]e : (LOD )/ng
/(pgemL™)
15 42 O (auramine O ) Y=266.65X+59.164 0.988 8 0.27~27.3 0.27
16 JlEAZL (brilliant Crocein ) ¥=239.7X-8.545 3 1.000 0.11~11 0.11
17 TS 21 (basic Orange 21) Y=181.87X-12.802 0.999 9 0.19~19 0.19
18 4% 1 (orange 11 ) ¥=296.92X-6.699 5 0.999 9 0.24~24 0.24
19 FRBELL (erythrosin ) Y=146.28X-12.162 0.999 5 0.2~20 0.20
20 2 (metanil yellow ) Y=199.83X-12.767 0.999 8 0.26~25.8 0.26
21 A% 22 (basic orange 22) Y=404.23X-27.29 0.999 6 0.23~23 0.12
22 %] B ( rhodamine B ) Y=145.48X-1.271 4 1.000 0 0.22-22 0.22
23 T IP3EE (dimethyl yellow ) Y=802.78X+15.208 0.999 1 0.25~25 0.13
24 XHZL ( Para red ) ¥=56.707X+5.084 4 0.996 9 0.2~20 0.20
25 ST (sudan 1) Y=181.94X-7.409 8 0.999 9 0.2~20 0.20
26 808 JRZL ( 808 Scarlet ) Y=22.596X+1.817 1 0.998 1 0.2~20 0.20
27 S (sudan 1) Y=53.634X-2.406 9 0.999 8 0.2~20 0.20
28 FHSHI (sudan 1T ) Y=35.616X+9.069 7 0.9917 0.2~20 0.20
29 SV (sudan IV ) Y=45.884X+3.963 9 0.998 0 0.2~20 0.20
*3 HAMBEEZEEMERE(n=6)
Tab.3 Intra-day and inter—day precisions and recoveries
H P (intra—day ) H 1] (inter—day )
A2 %
(No.) ( component ) I e RSD/%
(recovery ) /% RSD/% (recovery ) /%
1 PP (tartrazine ) 97.8 1.2 90.3 3.7
2 BiZRLT (amaranth ) 103.4 1.5 108.2 1.6
3 #E 1% (indigotin ) 98.7 0.59 95.3 13
4 JHIGLT ( carmine ) 107.2 0.75 105.3 3.7
5 H 7% # (sunset yellow ) 104.2 0.67 107.4 1.4
6 ¥ # G (orange G) 113.9 0.98 114.3 12
7 BT%HE£1 AC ( Allura red AC) 96.1 1.0 97.3 0.87
8 WV ( methylene blue ) 99.7 1.4 95.3 2.6
9 IRSRAELT (erioglaucine ) 105.3 1.0 104.8 1.8
10 A ELL (azorubine ) 98 2.3 90.4 3.8
11 € 1 (orange 1) 106.7 1.6 104.2 1.9
12 JIEEE (brilliant yellow ) 102.1 1.9 105.9 22
13 FF384% ( methyl orange ) 106.2 0.66 113.6 0.77
14 ST (new fuchsin ) 114.6 0.55 108.4 1.4
15 £ 0 (auramine O) 97.6 1.4 90.2 1.4
16 JURALT. (brilliant Crocein ) 95.3 1.0 101.6 1.3
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H P (intra—day ) H I8 (inter—day )
s 5%
(No.) ( component ) RS RS RSD/%
(recovery ) /% RSD/% (recovery ) /%

17 BEPERE 21 (basic Orange 21 ) 99.1 0.99 112.6 1.4
18 481 (orange 11 ) 112.7 0.45 106.7 0.63
19 HREELT (erythrosin ) 103.3 0.48 108.4 0.97
20 33 (metanil yellow ) 88.1 0.59 86.3 1.0
21 RS 22 (basic orange 22) 105.8 0.77 102.1 1.4
22 %P1 B (rhodamine B ) 112.7 0.49 116.3 1.4
23 AL (dimethyl yellow ) 98.8 12 104.5 1.6
24 XYL ( Para red ) 103.6 1.0 107.9 0.98
25 7+ 1 (sudan 1) 99.1 0.89 96.4 2.6
26 808 FELT (808 Scarlet ) 110.3 12 107.2 1.4
27 S (sudan 1) 98.4 1.4 96.1 2.7
28 FRFHI (sudan 1) 102.2 0.78 98.6 1.4
29 IV (sudan IV ) 99.9 0.98 103.5 0.61

3.4 FEAAGINGE DA IR 30 MEHTERALAE L TRASHRIREOR . SO QIS TTIAM L, P
T 5 R W MR AT R BURE A Y (0 R P 2
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£ 4 PAMERESR UPLC-MS/MS IG5 R

Tab.4 Test results of positive samples

R AR AR GE
( sample name ) ( pigment type ) (content )( mg - kg™ )
5 (sudan ) T 3.5
I3 ( dragon’s blood )
J5FF (sudan ) IV 2.1
J5FF (sudan ) T 5.9
7} (sudan ) 1T 2.6
AR ( Cinnabar ) JEASEL ( carmine ) 5.1
Bk PERS 21 (basic 43
Orange 21 )
JHARLL ( carmine ) 6.2
JELLAE ( Saffron ) H %% (sunset yellow ) 33
158 G (orange G) 42
EH)Z ( Rhi ,
SRR Rhizoma 421 O (auramine O ) 6.8

Corydalis )

4 £t

A SCHEST T R ] UPLC-MS/MS 3 5] i 5 rh 2%
R R TR Rl REAS INY 29 R4 8 4577, 75 30 min
P RISE I T XA S B A 2 o %05 A b
fRT oL, AR o, SO R TR IR 2 P S 4400
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