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Determination of 12 synthetic pigments in wine by solid phase extraction with
ultra-high performance liquid chromatography-tandem mass spectrometry

LI Xin LI Bangrui CHEN Dongyang ZENG Dong ZUQO Jiaxin

(Physical & Chemical Laboratory Department, Hunan Center for Disease Control and Prevention, Changsha, Hunan 410005, China)

Abstract: [Objective] To establish a method for the detection of 12 synthetic pigments in wine by solid-phase extraction/ultra-high
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). [ Methods] After the wine is subjected to purification and
enrichment via solid-phase extraction, 12 synthetic pigments are determined using ultra-high performance liquid chromatography for
separation and mass spectrometry in multiple reaction monitoring (MRM) mode. The influence of matrix effect on the determination is
corrected using a matrix-matched calibration curve. [ Results] For the 12 synthetic pigments within the range of 0.2~20 000 pg/L, the peak
area has a good linear relationship with their mass concentration, and the coefficient of determination R*=>0.982 0. The recovery rates for
the analytes at different spiked levels range from 90.8% to 105.1%, with relative standard deviations (RSDs) of 2.1%~4.9%. The limits of
detection (LODs) of the method are 0.006~1.500 ug/kg, and the limits of quantitation (LOQs) are 0.02~5.00 ng/kg. The method is used to
detect 10 batches of wine samples of different types, of which 5 samples are found to contain acid yellow 36 and indigo carmine.
[Conclusion] It is simple, highly sensitive, and offers a wide linear range, making it suitable for the routine determination of the 12
synthetic pigments in wine.

Keywords: ultra-high performance liquid chromatography-tandem mass spectrometry; solid phase extraction; wine; synthetic pigment

BEETE WM T2 A TUH (45 :20240304108) 5 1 B 4 A AFHA R ST H (475 :20231J60289) 5 # m9 4 TLAE e %
BHBF TR 5T H (445 :B202312069185)

BEAEE 255 (1986—), 55, e 45 40 g 1 7 42 0 0> AT B0, 801 . E-mail: 147466359@qq.com
ZERHE(1979—) , 5, W 5 44 B0 T B 45 ) b o0 FATH T 185+ . E-mail:bangrui_li@126.com

Yo #s B #3:2024-05-08 B[l H #5:2025-10-31

SIS A, B, BRI, 45 1R AR R — i oo 20RO (0 335 — B I 335 PR D A A b 12 A S o R [T]. & dh S LA, 2026,
42(3):49-56.

Citation:LI Xin, LI Bangrui, CHEN Dongyang, et al. Determination of 12 synthetic pigments in wine by solid phase extraction with ultra-
high performance liquid chromatography-tandem mass spectrometry[J]. Food & Machinery, 2026, 42(3): 49-56.

49



50

24 517l SAFETY & INSPECTION

T 2 LA A Sy SRR 2 g i T R A T O 2
A EBES N MMESEARE, ML Kl fis
T A TR B B R O T Y €0 s A
FHA S TR 2 S 7 R Dh B A . AR R B
i FH AT 8 23 6 N MR s AR [ R e

SRR 22 B T G2OR M DX R XA £ 3R A B R
W E . P ECE NSBB8 I
FHARAE) (GB 2760—2024) JR X £ F A A (6 25 ) il v
SR BEAT TR R o HET, B 3R p ke I Ty ik
FEAg R ARED Y RO 3% %k (HPLC)™ TR
FRIE 3 (LC-MS)™ 14 )2 0 33 3 % AR I B 1
ZER ;OO A N T A T T2 W
S8 ARG i M UE 0 2 V5 OB I 1 R R R AT, R
fe AH 3R A I B Ak B A . R e OR A
{033 — £ B 3 95 (UPLC-MS/MS) BL A 7 83 vy, e 4%
PRI, M RE SR AR AR E B T A R R R
M, EmanZ51'° % ] HPLC-DAD M UPLC-MS/MS Wi # )y
B E T 'l 65 MG LA R 45 FE Y], UPLC-MS/MS
AW e mRAEUE . WANESAFEENE.
200 I A HLIR S5 ) TG, kB 0 0 7 AR 0 A P R &
R R 0 MR . B 9T 2 SR R RO IR
TR BRI (0 s B A ok A U AR . BT X R
T T3 AR A AE I, 2 T R B SR IR 2 N AR RE AR
Bk FIBE BT UC I AR 2k o WAL 3R bR I HEAR B S5 72
EMEZEH AA R AE N R R RIS AR S A5 s /A
o 125 45 1 52 4 LI TR A 155 5 2k JBT D JiC 14 ity 2% 2 i Ak
PR A T AR R AR LS B 3 e [ A AR I
UPLC-MS/MS J it IT i, TAF i Ze A iE B AR5 &, T T
FE A LA FR T .

WL LR & R 59 B B 7 sc i bt — b e db & R 7
2 PR A M AR 4R TR R B 36 R ME 4T 2G LR M
L0 14 BRVERS 7 AR AT e R MERE I R X H YR A
12 G B8 2% 300 6 B2 R It L U 2 B0 Ak e K R B2 IR AR
FEJ TP, I DL 3 5 D T TR 4R A E B kR T
e R B v E R L A ALY [ A 2 IR (SPE ) /UPLC-MS/MSS
Tk B AR AT b A 0 2 RS T S XU A
PP AR S,

1 kRS ik
1.1 =5
L1l U5

B 1 % WA {63 . UPLC-1-CLASS #4 , it — Hg & 4 41
K 2% , 35 5 Waters 28 ] 5

JFIE AL : Xevo-TQ-S & , 35 i Waters 23 1 5

i 4 gk 4 R 48 . ELIX ADVANTAGER A, 2% [#

Millipore 23 A ;

B 2938 | 2026 F 3 A | RGBS

4 H g [EI A ZE B . Rapid Trace Y, Fri it Biotage /A ] o
1.1.2 M55

{6, 1% 4% : XBridge Cp3(2.1 mm X 150 mm, 3.5 pm) %! ,
Waters Spherisorb S5 SAX (4.0 mm X 120 mm, 4.0 um) %Y |
2% [# Waters 2\ A ;

[ 47 %€ BUKE : Oasis WAX (300 mg, 3 mL) # , 3 [
Waters 2\ ) ;

Tk 1 181 FH A5 JBORE (1 g, 6 mL) « |- ¥ 22 3% 5 06 ) 0 B
B A R T

A B M b BT | A R PE B 36 (R PEAL 2G (R TR 4L
14 FRVERE 7 OB R A RRMESE W R L H VE BRI
i 2 Dr. Ehrenstorfer 23 @ ;

TN BB Al b sl B L B A PR A

R K : g el , 5 = Merck 24 H] -
1.2 HmibiE

T8 BE R 20 JEURE  E B 2 B 10 mL REAS ff e Ak b 70

HeAk o B S mL HBE 5 mL 2% YR /K 0 T TG b
WAX [ AH A ICEE 3 8% 3R 10 mL A A W2 A% 5 FRAR W
5 mL 2% I ER K F1 20 mL £ 2% H R Y R 35 00 [361 A7 2%
B 9E 47 K UE 5 10 mL 5 2% &K 1Y B B I e e .
WA B TR IR T 60 “CAKIB AT, K EA 2 1.0 mL,
FH0.22 pm BFL B B 8 L 1 EALAMAT
1.3 WA E
1.3.1 o 3% & 4 {6 3% #F S8 XBridge Ci (2.1 mm X
150 mm, 3.5 pm) ¥ ; #F 3 40 °C; #E#E & 10 pL; 3 &
0.3 mL/min; i 3hAH A} 0.05% B EZ 9 5 mmol/L £ MR 4%
KIS BN MG . B REVELRE T LR 1.

x1 BERBREH
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Table 2 MS parameters of 12 synthetic pigments
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172.5 15
i P e 2.80 209.8 80.2" 15
179.0 15
s Ik 3.27 2153 184.2° 15
162.0 15
H 7% # 3.59 202.8 171.5 15
182.0 20
Vit %an 3.99 224.5 207.0° 15
237.0 15
MR PELT 2G 4.29 463.3 360.0° 25
343.5 25
fRYELT 14 4.87 456.7 378.0° 25
171.0 25
[i6] 4% 5.02 380.7 342.5 20
170.5 20
i 5.17 746.2 171.0° 45
562.5 45
FRYERE 7 6.54 326.7 171.8 25
156.5 25
% 1 95 36 7.25 351.7 156.4" 30
80.7 30
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Figure 1 Influence of solid-phase extraction columns on

spiked recovery rates
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Figure 2 Chromatograms of spiked blank sample and matrix sample

23 BEEGRK H A5 4 09 T4
2ok A FE A AL B B AR B WA AR e E Y H 4 H AR W4 0 BRI 1 B A iR AR R R S
FEFAH o P L, 38 A 0 o 6 T 3 B ST R ARG A AR 3 I X [k 51 /Y Waters Spherisorb S5 SAX 4§ 4 X 12 F (4 K Wt 17
1201 1201
2.22 2.31
§ 100 2 100
%5 80 M—E 80
= =
T oa0f FE oa0f
STE 20+ g 20+
0 L 1 1 1 | 0 1 1 1 1 |
0 2 4 6 8 10 0 2 4 6 8 10
i R i 8]
Time/min Time/min
(a) HLIMRMi% (b) HEi#EMRMI
1201 1201
§ 100 § 100
ﬁ%% 80 M—E 80
= =
25 © L
L 40 L a0
3 =
= 20 = 20
0 _ 1 ]W].\ 0 V\ LU 1 1 1 /M\
0 2" 4 6 8 10 0 27 4 6 8 10
i 1] i i)
Time/min Time/min
(e) WerktfaREmis (d) e WA e HE s

B3 AEERRE

Figure 3 Post-column irrigation test
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Figure 4

Ton current chromatograms of 12 synthetic pigments
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Figure 5 Recovery rates after correction of matrix effects
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R 2t R AP U REIR=>0.982 0, LA 3E(F I 1L
PR A B, 104515 1 AR o s 4 R
26 EKERSHEEE
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JE?\JO‘I,O.S,Z.Omg/L,ﬁ?'JJJE3/I\%T?j]llmilzﬂgﬁﬂﬁﬁﬂuiﬁ
A7 I 0 i3 8, e 3 A4 J5 kvl BE o A B R 8 S A7
6 U, 5 TR 4 FUAE X A 0 22 (RSD) L &5 5 LR 5.
F SO, 7k B LR N 90.8%~105.1% , RSD 2 2.1%~
4.9%. FWIZ I BA R 0 B AU % B
2.7 H&RNE

FH b 3 ST 04y v T B A 10 0034 4 W AE R AT R
W, 45 R R AT 2 00 B ARG R M B 36 R M e U LT
30 FEAR AR R M B 36, I A AE L B R
R2F AT A R . WM 5T 36 (9 K Hh B & 43 400 0.16~
0.52 pg/kg: M2 £ B W M kB T & 4r B0k 9.20,
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Table 4 Linear equation, correlation coefficient, linear range, LODs and LOQs of 12 synthetic pigments

AR LT i FE LVEVE R/ (pg-Lh) KB/ (pg-kg ) i/ (pg-kg )
TP L »=35.059x—12 970 0.994 0 50~20 000 1.5 5.0
Brer y=3.966 9x+2 632.3 0.982 0 20~20 000 0.6 2.0
PR 1 i y=3.499 6x+2012.3 0.982 0 20~20 000 0.6 2.0
I O 4 y=0.902 9x+315.54 0.994 0 50~20 000 1.5 5.0
H 7% % y=4.081 6x+161.93 0.994 0 20~20 000 0.6 2.0
AL y=204.75x+1358.9 0.996 0 0.2~20 000 0.006 0.02
R 14T 2G y=4.665 Tx+98.75 0.998 0 20~20 000 0.6 2.0
fRbEer 14 »=335.29x—12 038 0.999 6 50~20 000 1.5 5.0
FESS y=0.731 8x+115.54 0.996 0 20~20 000 0.6 2.0
W y=5.998 5x+560.15 0.998 0 20~20 000 0.6 2.0
Fi e 7 y=23.716x+9 427.1 0.994 0 0.2~20 000 0.012 0.04
% 1 2 36 y=109.44x+30 266 0.994 0 0.2~20 000 0.012 0.04
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Table 5 Method recovery rate and relative standard deviations (n=6)

AMEaE O BIKFE/(meg L") /% RSD/% B AR WKF/(mg-L™")  [BR/% RSD/%
e g 0.1 94.2 2.2 R 412G 0.1 97.4 3.9
0.5 97.3 3.2 0.5 105.1 2.8
2.0 98.2 2.9 2.0 98.4 33
Brer 0.1 92.7 43 R PELT 14 0.1 92.6 3.8
0.5 93.1 2.9 0.5 96.2 3.0
2.0 97.5 2.6 2.0 96.2 3.2
TR PE B i 0.1 96.9 3.2 EIESS 0.1 103.6 3.5
0.5 95.5 4.3 0.5 91.8 4.6
2.0 94.2 4.9 2.0 95.2 4.7
I b 0.1 96.2 3.1 ST 0.1 92.4 2.6
0.5 93.5 3.9 0.5 98.5 3.6
2.0 91.9 2.1 2.0 90.9 3.5
H & % 0.1 92.9 2.2 1R 14 7 0.1 97.3 3.8
0.5 96.0 2.5 0.5 92.8 4.1
2.0 97.6 3.6 2.0 97.2 3.7
kel 0.1 95.5 3.6 2 3% 36 0.1 93.1 2.1
0.5 97.3 2.8 0.5 96.8 3.4
2.0 92.8 3.4 2.0 103.8 2.8
*o6 HRUELR K, 2023, 29(7): 143-145.
Table 6 Results of sample determination ZHANG L L, L1Y. Analysis on the influence of food additives
o5 fe a1 W2/ (ugekg ) RSD/% on food safety[J]. Modern Food, 2023, 29(7): 143-145.
BE 2 5 P 2 36 0.5 2.0 [2] J5 2, SR TG T, AR LN TS 6 B A DU Ok F O
1. I Z AL T, 2020, 49(20): 44-45.
TRV i 11.50 1.8 )
) FANG Y, DAIY F, HE P F, et al. Research progress of synthetic
PR3 PRAER 36 0-16 1.6 pigment detection methods[J]. Shandong Chemical Industry,
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