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Rapid determination of 35 kinds of synthetic pigments in tea and its products
by ultra performance liquid chromatography-quadrupole/electrostatic field
orbitrap high resolution mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 35 kinds of synthetic pigments in tea and
its products by ultra performance liquid chromatography-quadrupole/electrostatic field orbital trap high resolution
mass spectrometry. Methods Samples were extracted by ultrasound with 5% ammonia methanol solution, purified by
Cyg, diluted at a certain ratio, and separated by Waters Acquity UPLC BEH C;3 chromatographic column (100 mm x
2.1 mm, 1.7 pm). Gradient elution was carried out with 5 mmol/L ammonium acetate aqueous solution and methanol

as mobile phase. The electrospray ion source negative ion ionization mode, primary parent ion full scanning mode

EEWB: 7N W HR BHE I H (2023KI39)
Fund: Supported by the Science and Technology Project of Guangzhou Municipal Market Supervision Administration (2023KJ39)
MREEE: BHR, WL, BRI, FEUR R4, E-mail: 390838972@qq.com

*Corresponding author: MAO Xin-Wu, Master, Chief Technician, Guangzhou Institute of Food Inspection, No.53, Jiejiner Road, Guangzhou

511400, China. E-mail: 390838972@qq.com



%5 22 4]

JRIDRER, S v A5 RO % - DU R/ L 7 L B o 2 B i R A 2 - S L

139

and data-dependent secondary daughter ion scanning mode were used for mass spectrometry detection, and high
quality precision mass spectrometry data of primary parent ion and secondary fragment ion were obtained. Through
the search and comparison with the self-built database, the preliminary screening was conducted, and the suspicious
sample was found and confirmed by the secondary spectrum comparison with the standard product, and the
quantitative method was external standard. Results The method could quickly screen 35 kinds of synthetic
pigments in tea and its products without standard products, and could achieve accurate qualitative and quantities
results without matrix standard curve in the case of standard products. The limits of detection of the compounds were
0.02-2.97 mg/kg. The average recoveries of 3 different spiked levels were 71.4%—117.7%, and the relative standard
deviation were 0.1%—15.3%. This method was applied to analyze the actual samples on the market, and tartrazine,
sunset yellow and brilliant blue were detected in 9 batches of samples respectively. Conclusion The method has
high throughput, high speed and low cost, and can be used for rapid qualitative and quantitative determination of 35
kinds of synthetic pigments in tea and its products.

KEY WORDS: ultra performance liquid chromatography-quadrupole/electrostatic field orbitrap high resolution

mass spectrometry; rapid determination; synthetic pigment; tea and its products
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HA0 2 1 mg/L): MERBH L mLIBSARMERE AR T 10 mL
Fem b, R EE AR 0208 . Il B .

TRAARHE LA RAETEE, F 10%H BK IR
TR A e () YR o P 9 M P T AT IR o
132 HSibiE
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1.5 mL BODEEH 25 mg Cig EAbAED, WWHE 1 min,
10000 r/min T &0, HEFMFIN 0.25 mL F¥EW T 1.5 mL
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IR R, R,

133 MBELH

(O 514
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Fig.1 Comparison of lemon yellow peak under 2 kinds of
chromatographic columns
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Fig.2 Comparison of response values of compounds in 2 kinds of mobile phase
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Table 1 Information and mass spectrum parameters of 35 kinds of synthetic pigments
~q&%‘?**@% — TR
i/ , \ \ M&wm—eﬁ?
e s CAS 5 ; Sl ¥ n&Ie b
(m/2) /min
. &% Dr.Ehrenstorfe 5
1 R 1934-21-0 90.0% _ C6HoN4Na;0,S, [M-3Na+H]*  232.9950 197.9866, 79.9573 3.70
GmbH 2
% Dr.Ehrenstorfe .
2 BILL 220658-76-4  92.0% . CsH O N3NasS;  [M-3Na+H] 271.4862 291.0083,172.0073 3.98
GmbH ]

3 WL 915-67-3 0.5 mg/mL PEIHERIAFIEEE  CpHNoNasOS;  [M-3NatH”  267.9833  228.0050,79.9573 4.74

. %% Dr.Ehrenstorfe
4 HEW 860-22-0 89.0% GmbH /> ] C,6HsN,Na,OgS, [M-ZNa]zf 209.9867  79.9573,372.0062 5.23
/N

5 MERRET  2611-82-7 0.5 mg/mL P EERIAIFEE  CoH  NoNasO,0S;  [M-3Na+H>  267.9833  301.9563,79.9573 5.22
1% Dr.Ehrenstorfe

6 MEMRTE  8004-92-0  95.0% GrbH /551 C1sHoNNa,05S, [M-2Na]* 2154890  183.5081,79.9574 5.69
/5 H.
1% % Dr.Ehrenstorfe R
7 HYEH  2783-94-0  98.0% GrbH /57 C16H10N>Na,05S, [M-2Na]* 202.9970  170.9996,79.9573 5.76
ml /3 H.
— 1% Dr.Ehrenstorfe S
8 LT 25956-17-6 90.0% GmbH /7] C15H14N;Na,O5S, [M-2Na] 2250101  206.9996,79.9573 6.33
N
9 SEE 3844-45-9 0.5 mg/mL P ETHERFEEMIZBE  CrHiN,Nay0oS; [M-2Na]* 373.0719  170.0043,79.9573 7.09
S &% Dr.Ehrenstorfe "
10 HEEL  3567-69-9  91.0% GrbH /571 CaoH ,N,Na,05S, [M-2Na]* 228.0048  170.0248,79.9574 7.00
gANI ]
1% Dr.Ehrenstorfe ]
11 JRBEZL 49746-10-3  97.0% GrbH /55 CyHellNa,0s'H,0  [M-2Na+H] 834.6478  126.9051, 536.8497 8.35
A
12 @S 846-70-8 89.0% £ FLUKA /AF]  CoH;N;NaOgS [M-2Na]* 1559850  79.9573,281.9716 4.93

13 BML1 3734-67-6 98.0% = FLUKA AF]  CisH;3N3Na,OsS, [M-2Na]* 231.5078  178.9852,79.9573 6.13
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(m/'2) /min
14 MRMLL73 5413-752 97.0%  [E FLUKA/AF  CpHNNa,0;S,  [M-2Na+H]"  511.0388  301.9559,79.9580 7.56
15 RWERLD 573-58-0 98.0% 25 [# Sigma /A7l C3HyNgNa,04S, [M-2NaJ* 325.0527  79.9572,416.0962 8.24
16 MBRMFEL  633-96-5 94% 2£[# Sigma A F] Ci6H;1N;NaO,S [M-Na]~ 327.0445  171.0001,79.9575 8.70
17 BWIV  554-73-4 91.5% ¥ ANPEL AH| C1sH142N;NaO;S [M-Na]~ 352.0761  79.9574,95.0140 9.31
18 HIEE  547-58-0 98.0% 15 E CNW 2 6] C14H14,N5NaO;S [M-Na] 304.0761  79.9572,95.0139  7.88
19 FRMELT 52 3520-42-1 / £[E FLUKA A% CyHypN,NaO;S, [M-Na]~ 557.1422  513.0796,79.9573 8.37
20 FRMELT 13 2302-96-7 / HA TCI A+ CaoH ;N;Na,0;S, [M-2Na]* 228.0048  221.0156,79.9574 6.90
21  [RME£r 87 17372-87-1  90.0%  F[E FLUKA /2] CHeBr;Na,Os [M-2Na+H]"  646.6992  520.7862,78.919 7.66
22 MRMELI 26 3761-53-3  96.0%  FEFE FLUKA /AR CsHuN,Na,0.S,  [M-2Na+H] 4350326  136.4771,79.9574 6.89
23 [RMEE 6 547-57-9 / HA TCI A C,HsN,NaOsS [M-Na] 293.0238  170.9998,79.9574 6.03
24 FRYERE 20 523-44-4 / HZ TCI A H] Ci6HiN;NaO,S [M-Na] 327.0445  170.9998,79.9574 7.54
25 JEAERF G 1934-20-9 / HA TCI /A H] C16H;N,NaO,S [M-Na] 327.0445  206.9998, 142.0300 8.66
26 RMESE 16 12768-78-4 / HA TCIAF] C3H33N,NaOgS, [M-Na] 593.1786  513.2224,469.1598 7.48
27  RMEZR A 939424439 97.0%  FEIE CNW AH] CaoH35KN,06S, [M-K] 571.1942  491.2383,79.9574 8.13
28  MRIEFE 36 587-98-4 98.0% HZR TCI A H] CisH1,N;NaOsS [M-Na] 352.0761  79.9573,155.9888 9.64
29 HHEHT  4553-89-3 / _IfF Damas-Beta/A ] CpyH N Na,0oS, [M-2Na]? 303.0263  221.0153,141.0169 7.51
30 MWABLT SX  4548-53-2 95% FRET A AR CgHWNNa,0;S,  [M-2Na+H]  435.0326  199.0311,79.9574 7.07
e 1% % Dr.Ehrenstorfe .
31 MR 2353459 949% — C3H34N,0,0S;Na, [M-2Na] 381.0693  170.0047,341.0921 7.03
GmbH A7
32 THFAELZL 3R 3564-09-8 / fHE CNW 23] C1oH ¢N,Na,0-S, [M-2Na]* 224.0205 136.4769,79.9573 7.23
33 WRMERE 14 5850-16-8 98% ¥ Damas-Beta/AH]  CaoH sN4Na,O5S, [M-2Na]* 288.0210  221.0151,79.9574 7.97
34 TRYEZL 66 4196-99-0 60% HZR TCI A H] CyH1,NyNa,0,S, [M-2Na]* 255.0157  143.0505,79.9576 8.01
L %1% Dr.Ehrenstorfe
35 FERPETE 11 6359-82-6  74.6% — C16H13N,NaO,S [M-Na] 357.0663 237.0217,208.0075 9.48
GmbH 2\ 1)
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AN [ b 2 I SR Jo bR v i 2 BB, AR SR PR B O R
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RESR AR RASEECN 100 £5 155, 3 RS H-RE T A KL RN /N
F 20%, AR A FIbR S b A Pt A T e i, SRR
LA I 3,

a L E‘/ﬂx\ b [ E%—t a M

| AR 4000 | "R 40,00 | = AR
4000 -, spse « B Ny
2000 | *EE 20.00 | L% 20.00 - © 4%

o o " . e e x “ . -
% 0r . L - % 0 H -.l. i‘xx M x ".:!lli;:. X o % 0 %xee J;.il."ngxxx:f:;' h:'
E 8 et o X --.l-=-' 8 o E R . E L -

xR ® ¥ %o xz XX - L a * oatle me ° ° XI X L
20,00 | Mot » A 2000 v 2000

000_x L
—40.00 + e . xx o —40.00 | . * ~40.00
L]
-60.00 ~60.00 60.00
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
wETS EMys EWTS

T a AR T BEAE R 25; b AR SR BEAE SR 505 ¢ AE i A R A £ 100,
3 3 PSS [AIFE BEAE HCT B9 MEs
Fig.3 MEs of 3 kinds of tea at different dilution ratios

24 FEFIIE

K 35 P LA Z VR A A v VA YT A o VAR A
10~100 ng/mL(F7E#% . #5€4 HT 2y 100~1000 ng/mL)Z 5
FRUfE TAERW, 35 M N T A aREaibEmE 4, L
A3 e B MR AR bR, ol T 470 A e T R R AR s 15 A
IERRLE, THRAHACR T LU 3 A 10 M5 35
FhE m 2 e s PR E R, A BRAE 0.02~2.97 mg/kg
ZIa], EEMRAE 0.07~9.80 mg/kg 8], FiMES2 M &
UR, BEAS LA, AR 1. 2 A S me/kg(Fr g Bt .
FEfE HT K 10,20 F1 50 mg/kg)iEAT 3 K E AR mBGR 56,
A R FIA bR 22, 4SRN 2. S5 %H, 35
Fh g 0 2 B By 71.4%~117.7%, FEX W A 22 4

0.1%~15.3%. 1ZJ7 3% ISR AR M A, W2 5 &40
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Fig.4 Chromatogram of 35 kinds of synthetic pigments (100 ng/mL,
lemon yellow, brown HT for 1000 ng/mL)

FRHT Ny
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Table 2 Linear ranges, correlation coefficients, limits of detections, limits of quantification, recoveries and precisions of
35 kinds of synthetic pigments

LRPETE L/

Kzt B/

TR/

Fe o Ew e IE il £k 7 R AHK R AL ] /% K% 1%
(ng/mL) (mg/kg)  (mg/kg)

1 FrEEE 100~1000 Y=8.283e4X-7.752¢e4 0.9994 2.97 9.80 71.4~95.8 2.2~12.4
2 Brar 10~100 Y=5.469¢4X—6.885¢4 0.9994 0.29 0.95 102.3~117.7 4.1~5.1
3 BEEELT 10~100 Y=1.34e5X-2.577e5 0.9908 0.27 0.89 89.3~100.4 2.5~9.1
4 HE W 10~100 Y=4.252e4X+1.628e4 0.9989 0.22 0.73 95.9~109.5 4.4~82
5 i) [Egan 10~100 Y=2.985e4X-6.081e4 0.9995 0.13 0.43 99.4~110.4 7.1~9.7
6 IS I % 10~100 Y=6.8¢4X-5.537¢4 0.9998 0.07 0.23 86.4~97.3 5.1~11.8
7 H&HE 10~100 Y=1.107e5X+4.354¢4 0.9978 0.13 0.43 89.6~101.1 0.5~14.5
8 it 3N 10~100 Y=1.813e5X-7.931e4 0.9998 0.08 0.26 91.7~107.2 2.2~7.9
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(ng/mL) (mg/kg) (mg/kg)
9 TE 10~100 Y=4.643e4X-6.166e4 0.9992 0.03 0.10 109.5~115.4  2.1~11.1
10 MAEREL 10~100 Y=5.852e4X—1.49¢3 0.9981 0.12 0.40 94.8~101.6  5.6~15.1
11 FREELL 10~100 Y=9.178e5X~1.473e5 0.9997 0.07 0.23 98.2~1052  0.6~5.4
12 B S 10~100 Y=5.993e4X-6.6e4 0.9982 0.29 0.96 90.4~101.6  6.9~15.3
13 FRIELL 1 10~100 Y=5.739e4X-1.233e5 0.9979 0.17 0.56 95.2~104.5 1.5~5.6
14 a4t 73 10~100 Y=7.019e4X-2.864e5 0.9994 0.31 1.02 95.8~108.8  0.5~7.1
15 NI SREL 10~100 Y=1.019e¢5X-4.605¢5 0.9977 0.23 0.76 99.6~109.3  0.6~11.5
16 Rtk 11 10~100 Y=5.345¢4X-4.53¢4 0.9999 0.11 0.36 94.8~101.8  2.5~6.3
17 B IV 10~100 Y=4.037e5X-4.235¢5 0.9998 0.02 0.07 96.7~105.9  0.1~1.4
18 HH 3 10~100 Y=1.615e5X-1.313¢5 0.9990 0.23 0.76 103.4~110.1  3.1~5.4
19 FRAEZL 52 10~100 Y=4.754e4X-3.172e4 0.9994 0.29 0.96 99.7~110.7  2.9~6.2
20 R tk2r 13 10~100 Y=1.867e5X+2.257¢5 0.9983 0.21 0.69 78.7~103.1  0.1~11.1
21 atker 87 10~100 Y=1.502e5X-2.861e5 0.9987 0.31 1.02 81.7~1052  0.2~5.2
22 FRPELL 26 10~100 Y=7.443e4X~1.402¢5 0.9981 0.11 0.36 96.7~105.5  2.5~7.1
23 fevEtE 6 10~100 Y=1.308e5X+5.626e4 0.9995 0.07 0.23 94.2~101.2  3.2~7.9
24 fetErE 20 10~100 Y=9.906e4X-3.889¢4 0.9999 0.07 0.23 100.2~108.1  0.2~11.1
25 AL G 10~100 Y=4.136e4X-3.423¢4 0.9999 0.1 0.33 92.4~1112  4.3~8.4
26 Rtk 2k 16 10~100 Y=2.364e4X~1.718¢e4 0.9995 0.17 0.56 93.4~102.1 1.6~5.8
27 fatEex A 10~100 Y=1.529e4X-9.522¢4 0.9975 0.19 0.63 100.1~111.2  0.6~4.3
28 JRPET 36 10~100 Y=1.605e5X-2.182¢5 0.9999 0.06 0.20 104.3~113.4  0.2~2.9
29 ki HT 100~1000 Y=8.641e2X-7.246¢3 0.9971 2.20 7.26 88.5~103.7  5.5~13.1
30 R SX 10~100 Y=2.762e4X-3.966¢4 0.9993 0.12 0.40 104.6~1163  2.4~13.7
31 IR A2 4 10~100 Y=1.818e4X-8.391e3 0.9997 0.19 0.63 98.4~1143  0.1~8.5
32 AR#&LL 3R 10~100 Y=6.836e4X—1.854¢5 0.9995 0.12 0.40 98.5~114.7  6.3~6.9
33 Rt 14 10~100 Y=5.243e4X-3.635¢5 0.9971 0.28 0.92 73.5~82.4 1.4~10.1
34 FRPELL 66 10~100 Y=7.019e4X-2.864¢5 0.9994 0.26 0.86 99.5~111.4  2.4~4.8
35 FRPERT 11 10~100 Y=9.801e4X-8.le4 0.9998 0.11 0.36 103.2~108.5  0.8~4.4

2.5 SERREEmASIN

R FA T S 1Y 252 HERAS (L& s L 402%
WAL ER . BRAS. AR 6 RN AR AN 78 HEvk ANt
Tl S (CBLFEASILAS . A0H . HUAAS . BRSO 35 Fh G ki
ZAATINGE, LA 7 Mk S (EE I ERE)R 2
HEWR S S Ao A 2%) o BEME, JErp, 1 R BH Mt
PR R AT . HYEE 2 Mala®, 2050
563.36 mg/kg F11101.98 mg/kg, HiAy 6 LR FHVEASIHRE 5L AT
K AT B, SR TE 11.64~559.45 mg/kg Ju ;2 #Euk BAYE
AR AT 35 (5 T 40 ] 35.65 mg/kg ., 78.51 mg/kg) A
SRS 47.85 mg/kg. 63.22 mg/kg).

3 WiR54%Ee
AR T 5 AR € - DU/ e 0 B

Sy PR LA T AR 35 R A (o R e v e A
WAk, SEAE R EE T, R H AR A
Wk EZ, M EERAGRAR, R TG K
2, I FH AR AT/ R B A A B S BR, LT
FLHG— B F R R B RS RO, SEPRAE S R
WEE, 0] 7E JGFR A A 15 B0 38 2 B B B e SE B A
AT, WA RIS DU A 5 SR P IR 2 L Ah 3 43
7 1 P02 m R R A o i RS0 O I P TAR LL, AR
5K QuEChERS #HfbH A [0 455 K Lb I % 7 12k,
AT RE A A BB R] 4 TR ST BT SO0 1Y
e T C T 2 2 B, 2 R AT BE B AR S, SE
1 S ARUES AR IR . — 2 T R T O —
G FFSE LA THOT IR, FRlal sMRE S T L A
DARVERT L P BUTIRRE SR | VR A AT, W)
SRAS I e ] R A 2R A M IR A T R
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