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Simultaneous determination of 11 Kkinds of synthetic colorants in beverages
by automated solid-phase extraction-liquid chromatography
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ABSTRACT: Objective To establish a method for the simultaneous determination of 11 kinds of synthetic
colorants in beverages by automated solid-phase extraction-liquid chromatography. Methods The 2 g of the

beverage sample was taken, it was extracted with an ammonia ethanol solution, and operations such as activation,
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sample loading, washing, eluting and collection were performed in turn with the help of a fully automatic solid-phase
extraction instrument. After nitrogen blowing and redissolution, the liquid chromatography instrument was used for
on-line determination [diode multi-wavelength multi-channel simultaneous detection, detection wavelengths 415 nm
(citrus yellow and quinoline yellow), 520 nm (new red, amaranth red, carmine, sunset yellow, temptation red, acidic
red, and red algae), 610 nm (indigo and bright blue); mobile phase: A 20 mmol/L ammonium acetate solution, B
methanol, flow rate 1 mL/min, gradient elution]. Results In the range of 0.2-10.0 pg/mL, the mass concentration of
11 kinds of synthetic colorants showed good linear relationship with peak area, and the linear correlation coefficients
were all greater than 0.99, the limit of detection met the requirements of GB 500935—2023 National food safety
standard-Determination of synthetic colorants in food. In the standard addition method recovery test, the recovery
rates were between 91.3% and 106.0%, and the relative standard deviation of the determination value (n=6) was less
than 5.0%. This method was applied to the ability verification of sunset yellow and carmine in beverages in food
testing institutions in the Yangtze River Delta. The content of carmine was 5.86 mg/kg, and the content of sunset
yellow was 4.31 mg/kg. The other synthetic colorants were not detected. Conclusion This method achieve good
enrichment effect, high automation degree, simple operation, good stability, short time, high efficiency, good

sensitivity, high accuracy and good reproducibility, and is suitable the determination and analysis of synthetic

%16 &

colorants in a large number of beverages.
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Table 1 Classification and limitation of the use of
colorants in beverages
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U3000 &5 28010 €2 35 43 (Pe =A% A8 I 9 4 DU 4 ) (3%
[ 58 B K /R B4 A FR A H]); Raykol Fotector Plus 4 H
AL . RayCure WAX R4 755 [ 8 7 38 3 b
(150 mg/6 mL)(ERHEE M0 A BRA Fl); BSA224S Ji 43
Z— W F R[5 2 R R 2 AR (AL B0 A BR A A D
HI850R 5 =X i 3 ¥4 vk B 0o AL 1 T S 06 2 AN T
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AL SR A BRA F); DC FR 41 12 1K RIWRAL (22
T S B I A R 7

SEIFEAR R 2024 AFRER A SR A LA RE 5
HELH LML
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RRL ., SRR PRMELL . VEUKE | JRERLD)E RIS bRk
VWL OT R MR E 1000 pg/mL) B 0 F7 78 5 (41 EE 90.7%) (K
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A BRAF); LB EARAER, FE25E R b2AAHH R
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PEES N 4.5 cm, KT 6 mL HEE . 6 mL #B4li/K TG 1k [F 4
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He b, AR 6 mL 1 2% H IR K R BEbk vk /MR, AEHESS
FH 8 mL 5% A0 H B3 U e i /e, SE T 4 mL 4k H i
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275 SCHR[23- 2413 AR A 1) 22 Fo €2, 28 [ R AG 0 ) £233
Sl OB BE S R AR C g (250 mmx4.6 mm, 5 pm);
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PR AE FE(400~800 nm), KAl 415 nm(FriGE s . MERRE),
520 mn(HTLL . WiZRLr. WAPELL. HIEH . SRk, Btk
FFREELT), 610 nm(FEWE . 2H5); WBIAH: A Jy 20 mmol/L &
TR, B R, M E LR 3.
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Table 2 Instrument conditions of Fototector Plus auto solid
phase extractor
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Table 3 Gradient conditions of the mobile phase

ffE)/min - 9 # /(mL/min) Al% B/%

-8.00 1.00 82 18

0.00 1.00 82 18

5.00 1.00 70 50
12.00 1.00 55 45
19.00 1.00 35 65
22.00 1.00 25 75
27.00 1.00 2 98

1.3 REHE

VERIFREN 2 g FE5L T 50 mL BRS04, A 25 mL
B Z B4 K, #5E 1 min, 5000 r/min B5.0> 5 min, HZEESK
WIREZZE 50 mL, 1R, ERIRE 10 mL _E3EW T 15 mL
LAY, T 50 CPAMMESE 2 3 mL ££4, 48 3 IALmA
10 mL 5% BRI RA R, 44 AshBAHZER GG A
A ZEBUL AR 1.2.1), ST 50 ©CTF AR EL T,
WERAIA 2 mL pH A 9.0 ZFREZSR whys lE ™), st
IERR, fLIE 0.45 um BYUEMELIUE, 352 2~5 TV,
B P BAR i i s
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PRI BT BT VL, Sl 2% EE . 5% Mk
S 8% 2 Ak FF X A b i E A TR AL RS0 . 11 A i
YEEFILEINFR A 10 mg/kg BIZKE T, 2%2 A0 F EREA T
S [ R B TE 70.5%~99.6%, HH X AT 7 1 22 (relative
standard deviations, RSDs)JEFEI7E 3.5%~4.7%; 5% 2 fLH Bk
A7 VRS 2 1] e K75 BB 78 95.7%~102.0%, RSDs U Bl 78
2.5%~3.7%; 8% % Ak F I M 47 Uk W SF- ¥ TR0 i 3R 5 Rl A
96.4%~106.0%, RSDs L FEITE 2.9%~4.3%. HAKRF|&FE @]
F R [ %8 RSDs L3 4.
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Table 4 Results of the spiked recovery tests of different eluents

L 2RUEREE S%EAETRE 8% AL

Lasg] /?iz\i) F¥ Rrsps T4 Rsps T4 RsDs
BUCR% % ECRY% /% ERCRY% 1%

FEE 10 980 43 986 3.7 101.0 39
WEMRET 10 97.5 3.9 958 34 1020 4.1
Brer 10 962 41 1020 3.5 964 3.7
WERL 10 99.6 42 1010 36 985 43
MERELL 10 973 45 1000 3.6 101.0 3.7
H%® 10 926 46 969 3.6 99.6 3.9
KL 10 954 43 957 32 1030 38
RPELr 10 80.3 4.1  96.0 3.4 1020 3.7
IREELL 10 70.5 47 958 3.6 98.6 3.7
HEE 10 88.6 3.5 102.0 2.5 1060 2.9
ST 10 802 39 980 3.6 1050 3.8

F 4R, [ 2% TR, 11 AR
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PERIRIE £ Sh RAASIN ) Jo e 42 Tl e R R I 201 43 6
f£ 1~100 mg/kg, PIKETEFEAE 90%~110%), {HERTELT AR
BELL, R ZE I B 0 AR SRR A . () 8%z 1k
VER VIR ANE 5% 2 0 H BEAE AR Baik, Mmbs Dl
BCRAR LT3, (AR SR kR 1% RSDs Sl
H B CHE o AG D D o s 485 S LA B BE 7 56 UE 485 S S R I A
5% 2 At H BEAE Ve MR R S A, DRl AR B 5 e 40 o ol
FH 5% 2 A0 AR R RIS
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AEZ> B9 52 4 H OGS IERINFR; 7E 520 nm P GHEIE T, Brel .
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Fig.l Chromatogram of the mixed standard solution (415 nm)
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Fig.3 Chromatogram of the mixed standard solution (610 nm)
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FRICRE AR I 2 g, EAAARUCN 2 mL, #4210 3 F5(5 0 HARY AR . A8 R, YRR
FE(SIN), $H3& 6 H BR (limit of detection, LOD), 4% 5 L3¢

X EREF N =
S, g S TR, 11 R G A R R A N %6 REEMEAXABLER(=6)

Table 6 Results of tests for precision and recoveries (N=6)

0.99(UEM: #idis GB/T 27404—2008 1 F.2 SR UE 7 147 oy R PEBGER PEERCR
N N N w S s/%
HEMZA EREOR TS T 0.99); %4 G551 LODs #5754 i /(mg/kg) /(mg/kg) 1%
JEET GB 5009.35—2023 C4REM AL Hy 2 g, EAMRA ) 152 101.3 38
N S b i o
2 mL A, FREREE. BT, WURCL. R s, TR 100 086 86 3
e - . 20.0 19.90 99.5 44
JRBELTH) LODs ¥ 0.5 mg/kg, WE3LT. JERRLT . 251G - f; IOZO =
RYELL . HETE ¥4 0. JEISR ' : : :
fRi4T . BEEENY LODs ¥°0 0.3 mg/kg) Y EoR - 00 1020 1020 1
%5 %MSHRZ LODs 20.0 20.00 100.0 35
Table S Linearity parameters and LODs 1.5 1.48 98.7 42
EY 25k [l 19 5 A MEFEE  LODs/(mgkg) HreL 10.0 10.20 102.0 3.5
KRB Y=0.5633X 0.998500 034 20.0 19.80 99.0 28
WD B Y=0.9669X-0.0029  0.999840 036 e L0 103 103.0 43
o — TSELL 10.0 9.95 99.5 3.6
et Y=0.5616X 0.999804 0.22 200 010 955 13
LT Y=0.4345X 0.999853 0.24 s 158 105.0 29
JREEL Y=0.4045X 0.999835 0.37 WRASLT 10.0 9.58 95.8 36
H % % Y=0.2905X 0.999801 0.40 20.0 20.60 103.0 4.0
Pk Y=0.4717X 0.999840 0.28 L5 1.55 103.0 4.2
WPELL Y=05190X 0.999663 0.20 Hig# 100 1040 1040 36
— 20.0 20.50 102.0 2.8
TREELT Y=0.6403X 0.999876 0.38
1.0 1.02 102.0 4.0
Bew Y=0.4893X 0.999762 0.26 e 100 T 1040 )
S Y=1.0556X 0.999858 0.28 0.0 2020 101.0 29
1.0 1.06 106.0 3.2
2.4 REEEMEYRE FR LT 10.0 9.66 96.6 3.4
N - L 20.0 19.60 98.0 26
SCHR TR A S R 22 06 % B [A) R iR S B AU [R] ) s 37 913 13
GGG I 45 SR AN [ 12030 Ol HERR IR R L R AN ST 100 1040 104.0 36
) SR R 25 R ) T, AHIFoE 43 IR 56y vk X a8 200 19.40 970 03
FREEIEA G P L % 3 VR EE A B s BIBGRES:, A 1.0 1.00 100.0 4.0
AR EACEEATIRE 6 W, T EISCR A E{H R RSD, BEw 10.0 9.52 95.2 25
R NER 6, BFE 6 AL, HMHHEE AT EINCE R 20.0 20.60 103.0 4.3
91.3%~106.0%, MIE(E ) RSDs K 2.5%~4.6%, £54& GB/T 1.0 1.04 104.0 4.5
27404—2008 Sl FE FURS 35 3 (9 BER sEi 100 10.50 105.0 36
. 20.0 19.40 97.0 2.9
2.5 FiAbexd
ARG SHA SR, G5R R 7 45K K £7 HEMHER
%ﬁ:? E"ij/l, éjzfit}:{fﬁ.ﬁ({zgﬁ{ﬁ, ‘(Eﬁﬁﬁfgj’ ﬁg{ﬁ,@ Table 7 Comparison results of methods
L3 K 0 U VB R 8 K Iy v 4 T %‘f'@fﬁﬂi MG R % Bk
pg/mL
2.6 SCRRAESRAEN FABRE AT (005 1.0~50.0  89.4~96.6 31]
N 2024 A R = ARSI RE T IR UE, WE I8 FH A B R (i 1 — 86.2~97.5 [32]

2 AURIRRE S, 2R oA 2 2L S BE B E W LA EE HEATAS FHIZERCRAR 35 0.5-50.0  81.5-102.2 [33]
IR EERY 2 AREERERERE, S ey TR BIARAR G- AR RS 02~500  69.71~103.8 [34]
G E LA PRGN A ML) e B B HOMER, MR A2 2 ) 20 R 2 B -

IE, BB 2 g0 B FAS A S TR IR B2 @i 02100 913+1060 A7k
HyEE R4S 0: INIRAT 5.86 mg/ke; H&H 4.31 mgkg; T R LK T
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