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Determination of 7 synthetic colorants in freshly prepared beverages by

high performance liquid chromatography dual wavelength

method with automatic solid phase extraction
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Abstract: Objective: A method for the determination of 7

synthetic colorants in freshly prepared beverages by high
performance liquid chromatography dual ( HPLC) wavelength
method with automatic solid phase extraction was established.
Methods: Extraction conditions: The sample was extracted 2
times with pure water, and then the supernatant combined after
centrifugation. The pH of the supernatant was adjusted to 3~4.
After activation by an automatic solid-phase extraction device,
loading, rinsing, and elution of the sample were carried out on
the Poly-sery synthetic colorant solid-phase extraction column.
The eluent was concentrated to 200 pL. by nitrogen blowing, and
then fixed to 1.0 mL with 50% mobile phase A+ 50% mobile
phase B. Instrument conditions: The column was Cj;s column.
The mobile phase was 20 mmol/L. ammonium acetate-methanol,
gradient elution. The flow rate was 1.0 mL/min. The injection
volume was 10 pL. The detection wavelength were 254 nm and
628 nm. Results: The correlation coefficient of each substance in
the range of 0.5~ 50 pg/mlL was greater than 0.999 9, the
detection limit of the method was 0.023 ~0.179 mg/kg, the
quantitative limit was 0. 078 ~ 0. 598 mg/kg. the standard

recovery was 92.4% ~96.8% , and the relative standard deviation

(RSD) was 1.2% ~ 4.2%. Conclusion: This method has low
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consumption of toxic reagents, simple operation steps, high
degree of automation, good recovery and repeatability, and it is
suitable for the determination of large quantities of samples.

Keywords: automatic solid phase extraction; high performance

liquid chromatography ( HPLC); freshly prepared beverages;

synthetic colorant
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Table 1 Information on 7 synthetic colorants
& {57 f2z =X CAS 5 PRUE S PR/ (pg e mL D)
e CisHoN,OgS; Nag 1934-21-0 GBW(E)100158 1 000
PE 3N C20H11N;Na; 0108 915-67-3 GBW(E)>100160 1 000
fEAg2r  CooHiiO19N2S;Nag  1390-65-4 GBW(E) 100161 1 000
H##  CisHioN2Nay O7S, 2783-94-0 GBW(E)100159 1 000
S Cs7 H3: Ny Na, O Sy 3844-45-9 GBW(E)100162 1 000
IREELT C20Hs1,Nay Os 16423-68-0 GBW(E)100163 1 000
EEEan CisHisN3sNaO1; Sy 220658-76-4 BW 0719-1 1 000

1.2 EENFESESE
1o RO A — A BE S A T 2% - 1200 AL, 25
E-3 7y oW/l
RBEYR 5 % : DMT-2500 %1, % I (353 AR 5
4> [ 3 B A 2 BUY : Extrahera B, B W FEZS 56 A w5
KA Milli-Q Y, 56 [E 2% B A ]
1.3 #RAEBRES
ROHL 7 FhA L E AR R A 1 mL. 5 F 10 mL
R, RSl A B 0 B I 100 g/ mL IR A
PRUERE S, B T 4 CUKM IR IR AF I 1A D, ¥
R i A W 4l K 3B 9 # BE AL 0.5, 1.0, 5.0, 10, 20,
50 pg/mL M R IR HE TAEW
1.4 HmaraeE
TIEmLENELETHRBAAEML 1 gOEWME

0.001 @), MA 6 mL 47K, BHE 30 s, #7 $2H 5 min,
4000 r/min &0 5 min, FIHFREH R — 15 mL .0
Frp, RIEFIMA 6 mL 4k, EERE—K., AIFFK
LW, F 2096 Y AT A R K I VRO T B IO E pH
3~4,

i 14 B 3l [ AR ZE BUAL, £E 0.12 MPa T, 43 3
5 mL HEEF 5 mL 4K X Poly-sery (4% & H #4716 1L,
SRS E] 150 s, 57 BIFE 0.05 MPa JE /1 F ¥ F iR 486
RS, A L FE—H R KESHER
Vg = Vg + Ve =42 2+ DF RN THR, &
0.08 MPa FJfl 3 mL 10 % 2 /K /B 7 T e e i . i 4
VR T 15 mL B .08 H. 50 CRIB T A ARER =
200 pLAEAT . 50 % MU sh A A+ 50 % I Ui sh A B 5 %%
% 1.0 mL,i®ER S, 1 0.45 pm 3K PTFE 4 =3 3%
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LRS- w4 [ SR S
1.5 @its&d

{38 Cr #E (250 mm X 4.6 mm X5 pm) ;i 34
20 mmol/L Z & #&— W W5 ¥k i 77 X . 0 B R 0t 5 AT UL
35 Cs Pl : 1 mL/min; FFFE R . 10 pLs K D0 8% 0 5
B K 254,628 nm, BEEEVEBER Y LK 2, H A A
N HEE,B A A 20 mmol/L ZFREEVER .

R2 BERBEER

Table 2 Gradient elution procedure

i 18] / min AR/ % B/ %
0 5 95
3.0 15 85
7.0 100 0
10.0 100 0
10.1 5 95
18.0 5 95

1.6 HELE

SR AN &% TP o 7 AT bR o M e LS K = A
Excel 2016 #4784 i1, Origin 8.1 £l K% ,
2 RS
2.1 RTRMEEEMGMRK

SRS S A B A, SR B R 3R 3 0 I Ak B o AR
R S EGHEAT UL . BUR & 7 B G U 590 B B
YOBHEE i P BT 1547 5 mg/keg AR, B A 1 56 78 ¢ Jin
FRAKPF 58 i FEAN IR IR TAT 3 IR
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B, B JORE s 280 K SR IO UR , 7 Fa A £ 5 2 R
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2.1.2 4B pH EALAL SR PR pHIE R Z N 5
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Figure 1 Effect of pH of extract on recovery (n=3)
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Figure 2 Effect of ammonia ratio on recovery (n=3)
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ST BB 10 06 B 20K Y B AR S BB i R 5
o315 BUBHE F J 98 55 M T A A AL R e i . [l i, A
X B i LA 4 K A R A TR MR 4 ]k
1020 M Z K AR R VR, A4 3 mL P 2 K
21,5 EEIKAAL 2R K AR S S L4
FERE D AHRZ A ORI B L A T e AT e LUV
LI E R SR EE AT R AR T 2006 Mo Al 6 A R
] RIS 3 90 04, #fi I 2 ot & 21K I M 22 BT B,
A —E L B S A B R T R BE AL [, BF R R
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B — K (Vi 2 V=12 DEPE—20 mmol/L &
PR (Vi * Vims =1 DR IREF L0 IRCR AE 90 %6 LA
. FEGEEHAR A A F B 20 mmol/L Z R % ¥ Wi R
NS RO s ¥ A ) A R B R 20 mmol/ L & TR &
Vg 2 Ve =11 1D,

2.1.6 MEREREEE  WRIT IR R B, o uE XA N E
R 5 W R R, o O A Uk Bl A B, R A
20 pg/mL MR A b5 HE S T BB S I A2 L AL B R T
7 FlRs UL R R 25 RN 3 TR

R3 TEBEXNGME &8 RHER

Table 3 Adsorption of synthetic colorants by different membranes
B/ %
8 P2 Y — -
i B e WL MR H % # R TREELT
RO (PES) 96 96 97 95 94 88 71
R LT 4E R B (MCE) 95 97 96 94 94 98 91
Jé J&.(Nylon) 38 35 39 78 82 75 40
B K M 2R U IR 24 (PTFE) 98 96 99 96 100 95 92
KPR IR M (PTFE) 97 98 98 99 97 96 98
R IR LM (PVDF) 100 96 95 97 96 94 93
R (PP) 98 95 95 94 100 96 91

M3 3 TN, JE T IR BT 25 4 5 35 A W B4 A TT R
JE PR A JE i 8 IS R 3Rk e o B, 5 2% P A L 6 5 4R T
WY, 0 S A T, e Sh L BR SR K M PTFE I8 R, Ho A 3%
(1 108 RS oI B 21 R R AR R B . 2R A R OR A
SEIK P PTFE J§ B85 %
2.2 BIEEERN
2.2.1 FESHAMAL BT LMK T R RO
QR IK TS W — 2T 1A F- 0 4 B AR 1 58 i), &5 SR AR R
PR AR R T 45 4 0 35 Al A B R4 1 4 B AR L3
LY AR, R R W R DN B AR KRR WOCR 2
BOKEW— W EER RN R EIAH . W T 28K W

& (0,5,10,20,30,40,50 mmol/L) X 43 B 3k 5 1) 5% i
SERRW AT N 20 B8 B e, B S8 W S5 G vk M R L L i
TR 2, Bl £ R i & i 1 B R R I A i 0 AR B BB i
L W A TR, Y LM A T 20 mmol/L i,
SRS BHE LW B A, DSk ENCRES
BEIR G5 Gy BT H L 8 T AR IR . WOUR B AR
20 mmol/L ZWREIK %,

T 7 Rl S B TR R 2 R R R R R B O =X
Horpobr i SR LT S A AR AL B 43 B, T /N0 T Bl
AR, 2T 1.5 H i (g 254k . b U BT (3% 18] L
K3,
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Figure 3 50 pg/ml mixed standard substance chromatogram
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M 3 AL PR AR R 1 SR L7 Rl A U T A
10 min N ] 58 44385 i1 F I s AH HE 128 46 K, A 10 min
JE IR Z RN UG B B, AR 2 18 min, £ 5 OR ¥ A TRD
EEM R,
2.2.2 WK B E S AR SO k2 R
254 nm AGI {5 & 72 3K 90 o A2 & B 254 nm T AL EE R
MR AR /IND L P 3 Cad Tl LA T S A 0 ok ) e A
I 3] A4y 0 2% X 52 5 7E 200~ 800 nm HEAT I K 4% . £ 4
Stk W 4,

ML 4 AT g0, 52 EE YRR AR R B K AT 307, 408,
628 nm, A1 628 nm Ab W B fEIE KT 254 nm &b, B 3(b)
628 nm N A i 4 T €5 L 0 W R 24,8
(254 nm) 32 TF % 5 596.4 (628 nm) , 4 iF # i 220 %, A
HE#E 628 nm T AL H AR E, Z2 T PE o8 L X 7T fig J2 2
WAL 628 nm N & A R T B0W . BOR A U
G K 0 2% [ 1 SR 4 254,628 nm AL{E S,
2.3 HEPER
2.3.1 FaxEtt BE— 5 mg/ke IndnAE AR BOK . T 0,
2,4,6,8,12,24 h #FE TR AT R0, 0S40 W AR
O1 H V& B 50 0 | O 8 21 0 TR AR AR WS A 1 IR 22 (RSD)
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Figure 4 Bright blue ultraviolet spectrum
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3N 0.64%.0.85%.0.97%.0.83%.1.03%.0.41%.,
0.47% ., TIUL 7 Fh& HUE GRIFE 24 h WAER RRE .
2.3.2 KRUESEAMALER ERR 4% 1.3 M9 77k B
0.5,1.0,5.0,10,20,50 pg/mL MR & brHEE R R 5, 3%
1.5 A6 T8 S R alE A7 0 2 L A5 B0 450 T 2 v S 8

T 28 S om0 AR R i 79 T8 (B & W) T3 9 A 5 1A, O
G TR i, SR IRCAY B R 4 AG: HE BR T S A BR 4 A3 R
mcR B R o R BR DL 3 A5 AR MR L
FRLL 10 f5f M LT 38, 3k 4 BioR . 7 Fh & L3 (050 16
0.5~50.0 pg/mL 78 Bl N AEOC R B KT 0,999 9. K il
FR A 0.023~0.179 mg/kg. & & R K 0.078~0.598 mg/kg,
BE T GB 5009.35—2016 Hvks: 1 BRI E R BR
2.3.3 MR RELEMNE 565050 E KRR R =
T8 bR DA RS BR AR & T G R, R AR R A R R R AT
AU BE BRI B L BN VR BESFAT 6 . WSk 5 T
7T BhA B G 1B 92,4 %8 ~ 96.8 % AT A fE
i 22 (RSDY2H 1.2% ~4.2% . 2 J5 v [l S F i & PR3
B & A TR 7 R A R R I E
2.4 ERRESUE

FEVLI5 TC8 2 1) J] 300 0 3 2% O L A0RE il 45 SR 4R 2 T
YORE 54 4, Horh 29 MRAa L bR A U @] B PR R
ELERIER 6, MR 6 Al WA Y& E (O A AT B,
WL MW AR LA A Y5 B, & il 0.33~56.93 mg/kg, Bk
it GB 2760—2014C & M & A E R ARME B 548
FAbR WD) BT M PR B, b H O3 B0 R R R
(50.0%)  HUC MBS 4T (9.3%) o« M SR A6 I 45 Bk 7
ARSI ERECT LM G EAEREER.
3% AT BE S A ORE P A E BRI 5 AR AT g
SRR NG Y S NS E R R (R o e e o VK ¢
i N+ ol O 5 I O [ A L K M - ol = P oA
B,

&l 5 Ay BE AR 035 L T D09 vk v A OR A
B A ) R 0 R A7 B 2R BT

T4 ZUSHMRHR . EER
Table 4 Linear parameters, detection limits and quantitative limits
. MG/ K th R/ SE PR/
ERukill YEpx MXFRE WK /nm
(pg+ mL™ 1D (mg+ kg 1) (mg+ kg )

Frdg 0.5~50.0 Y=17.136X +0.099 0.999 99 254 0.151 0.504
beEAN 0.5~50.0 Y=14.608X —0.387 1.000 00 254 0.177 0.593
HERLL 0.5~50.0 Y=24.133X +1.070 0.999 99 254 0.107 0.359
JIH R 1. 0.5~50.0 Y=21.354X—0.352 0.999 99 254 0.122 0.407
H 7% 0.5~50.0 Y=17.573X —1.599 0.999 94 254 0.148 0.491
ek 0.5~50.0 Y=112.076X+9.108  0.999 94 628 0.023 0.078
IREELL 0.5~50.0 Y=14.469X +1.161 0.999 99 254 0.179 0.598
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Table 5 Results of recovery and repeatability (n=26)

- ARG 0.2 mg/ke AR AE 1 me/ke AT 10 me/ke ITER A 50 me/ ke
xR/ % RSD/ % xR/ % RSD/ % %/ % RSD/ % W/ % RSD/ %
Frig 93.4 1.5 94.4 1.4 94.1 1.9 95.4 2.7
E[EAN 94.9 1.8 96.6 1.6 96.8 1.4 96.6 1.4
e 248 93.6 1.5 94.4 2.3 94.6 2.3 96.5 1.6
K fg 21 93.8 2.4 93.5 2.4 93.3 2.6 92.4 1.6
A% 93.4 2.6 94.7 2.2 93.7 2.2 95.3 2.0
e 93.5 1.8 93.8 2.1 94.0 2.8 93.2 1.9
TRBELT 92.6 1.2 93.1 3.1 92.6 4.2 93.0 2.8

®6 PAEHERUELR

Table 6 Measurement results of positive samples mg/kg
i R PeEAN e 24N I g 21 Tk H 7% %% IREELT
AR 1 — — — — — 5.43 —
K 2 0.96 — — — — 2.57 —
Rk 1 — — — — — 2.58 —
AR 3 — — — — — 4.68 —
AR 4 — — — — — 17.95 —
SRR 2 — — — 0.81 — 2.37 —
ik 3 1.54 — — 1.20 — 5.14 —
%1 — — — — — 5.46 —
% 2 — — — — — 2.07 —
ke 4 1.82 — — 0.33 — 0.61 —
K5 — — — — — 0.52 —
Rk 6 — — — — — 12.67 —
R T — — — — — 13.90 —
% 3 — — — — — 0.97 —
W2 4 — — — — — 0.38 —
ARRKE 8 2.08
TR 5 9.07
ARRHE 9 3.77
AEL 10 7.26
AUCEL 11 — — — — — 19.12 —
AR 12 — — — — — 20.39 —
%5 5 — — — — — 1.21 —
H R 6 — — — 4.37 — 0.75 —
AR 13 — — — — — 56.93 —
R 14 — — — — — 25.15 —
ZARCRE 15 — — — — — 22.91 —
TRk 7 — — — 2.29 — — —
AR 16 — — — — — 3.30 —
AR 17 — — — — — 2.60 —

T —RFANT I ERIR,
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Figure 5 Chromatogram of positive sample
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