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Simultaneous determination of 16 prohibited pigments in food by solid
phase extraction and high performance liquid chromatography
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ABSTRACT: Objective To establish an efficient, accurate and simultaneous determination of 16 prohibited and
restricted pigments in food (lemon yellow, new red, amaranth, carmine, sunset yellow, acid fuchsin 6B, temptation
red, acid red 13, Ponceau 2R, Ponceau SX, acid orange I, erythrin, acid yellow 11, acid blue 113, rhodamine B,
disperse red 1). Methods The samples were extracted by 0.5% ammonia water and ethanol+ammonia water and
purified by Oasis HLB solid phase extraction column, and then determined by high performance liquid
chromatography and quantified by external standard method. The separation column was Eclipse XDB Cig
(150 mmx4.6 mm, 5 pum), methanol and 10 mmol/L ammonium acetate as mobile phase for gradient elution. The
flow rate was 0.8 mL/min, and the detection wavelength was 470, 520, 550 and 490 nm. Results Under this

method, there was a good linear relationship between the 16 prohibited and restricted pigments (r<0.9997), and the
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detection limit (S/N=3) was 33.0-144.0 g/L. Conclusion The established solid phase extraction-high performance

liquid chromatography method can simultaneously determine 16 prohibited and restricted pigments in food with high

efficiency and accuracy.

KEY WORDS: solid phase extraction; high performance liquid chromatography; prohibited and restricted pigments; food

1 3

B A A IO R, B P IS R E N
FRRER, SRACEML, SRORAANMHKER. @
PREEHS . 05 PR E SF AR, BT ORE AN
AP AR R R LR AR Il R 23 R AR
REGERE N AR, el — R AL T LG B —R Tolk™
ah, HETC ) Z R TRER . ACRE AL RESFIOR S5
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BOTEEBAERT 1~2 R BOAgASIN, 1M HLAR 22 ATk BEAR R
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2 MRIEEE

2.1 RF MRS

NG, WiEE, WRR(aigal, 32E Fisher 2 r]); &K,
G Hrat, E 2R B A ); Oasis HLB
FHAEBURE (60 mg/3 mL, Jba 7 AR B R ITAE A ) o

16 FIESER bR bh: AP es . Bien . sRar. i
JRLL. HyE#E ., MRMESNZL 6B, R4l ML 13, Wi
41 2R, WHAELT SX. MRMEME 1. JRé¥er . MRtk 11, Mtk
W13, P B AT (4R TET 90%, fE
Dr.Ehrenstorfer /A 7).

Agilent 1200 = R0 AR 385 A (36 B 2 HEAR A WD );
ME3002 4387 K- (B - RE ) A 7 ); XW-80A IR ETR A
(hEPPE 2 HD); B8500S-DTH #f 75 i i it f (h [ L BE A
73 w]); 3H20RT SOALP EBR G A Al); R H I8 8.0
(50 mL, FEBR CH/RARAF]); P38 H R0 (10 mL,

il

V)1 & P (AN A BRTTAEZA F]); DC12H AMAL ([ 4%
NEINE
22 ZWHE
221 BEAFEMEER

16 FEERR AR IRUERS S 2 I MERRFREL 16 R
AEBR A EFRUES TR 0.1 mg), B sk s N
1.0 mg/mL PIARIAERE AR, E—18 CORAHIRAE S
222 BHIARE R ER

16 Fir A PR A €0 28 A b 1o VA TR AR 7 2 FH R
B HREAE R TR (2.2. DG RERLBGE 24k FE 1Y 16 P25 IR 6
RIRA N W, I B .

Bk o5 A U B Ah, AR 5 vk B R S e B, oK Ry
GB/T 6682 FLE ) —2 K o
223 HEEWAEF

(1) $2H

WER PRI Al RE Al 2.0 g, BT 0.5% 1 2 KV Wi
(V/V)10.0 mL #5425 15.0 min, LA 10000 r/min A4 5 55
L 5 min, WA LIEWR, FRIETEH 10.0 mL ZE+EK+K
(7:0.1:2.9, VIV OB H2I 15 min, L4 10000 r/min [
FEBC 5 min, WHE B3, A9F 2 K BIEW, TKERRE
20.0 mL, R4 H.

) ik

HERREL 2.0 mL _LR$REUR, 7E40 CTFE N, T,
2% K ER(VV) 3.0 mL & figskis, FHFF R R H pH
Jy 2.0, B EAE, 43R 3.0 mL FEFIZK G Ak Oasis HLB
EAHZEIOH,  bRE, PRe S AT SR 30 J%/min. 533
FH 1%52 7K B BEEVA R 3.0 mL 1 1.0 mL HY Pk A [0 4F 25 Bk,
WA VE LR, VR 4R -

(3) He4s

WdE FIRBEBLK, 7E 40 °CFZ N, T a, F 10%H
B KERVVEERZR 1.0 mL, 1B, HHE.

(4) BIssE&IE

f4,7%41:: Eclipse XDB Cy5(150 mmx4.6 mm, 5 um); Fi
ke 35 °C; SRAMEMIER, RAMK DI E, oty
BEHFUBIZL7E 470 nm ABDE, VE3RLr. WARLL . HIEHE.
BRI LT 6B B ERAT . BRPELT 13| WAL 2R | W4T SX.
TR A 1. IREFLAE 520 nm ARWISE, 7E 390 nm ARG AR 14
11, 7£ 550 nm ARG INERYERE 113, B FHEH B FfAHiar 1
FE 490 nm ZbHEATINE; HEAEE 20 pL; JiEE: 0.8 mL/min;
WS B EE+10 mmol/L Z %k, BETEIRFERE WL 1:
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Table 1 Gradient elution procedure for determination of 16

pigments
Fsf 7] /min /% 10 mmol/L Z.FR%#/%
0.0 10 90
5.0 20 80
12.0 85 15

(5) PRUE IR

SRAHR 16 Fi € R ARUERE A BT A K BE R R 6 DA
TFi] Vi PR A B v 1o P (1.25~50.00 mg/L), 74 B T (1 155
BB 35 53 25 A5 P AR 2 380 1 YR 32 40 ) R AR 23 A

(6) FEALIE

TR EIE AT, 23 BIHEREIE, ARG AL I [a]
AEE, Wt AR HE M AR e L A AR R T A B R
TR TR
2C xV

m X

o X A E MR AR S E, mgkg

C AR e i 2 1 A 21 5 JE R A 1% G R B 75
mg/L;

V AR, mL;

m A 53 BT I I SBORE: i Y BT 4 g

k Ay B 5o

3 HER5SH

3.1 NEBEEHMK
3.1 Aok KikdE

X 16 FhAEFR A -G @ R TE 190~600 nm 35 Bl N #EAT
WA o e RZH AP RAE 200 nm 22454 e R,
BAE MR R A TAE S 257 AR T o T IR
PRI E % 16 Hh 6 2K 5 REAS B A4 i R, AR S
50 2R I A U0 4 i 5 AT 0, BIVAT B HERIRT 1A
470 nm bW AE, ESELT . MEARLL. H ¥ BRIESNLL 6B,
HERLT | BRYELL 13, WAL 2R, WHFRLL SX. FRIEME 1,
IRBELIFE 520 nm ZbMSE, 7€ 390 nm ARG ERMEHE 11,
76 550 nm AMGINERYEWE 113, B FFB] B FI4pHLLL 1 78
490 nm b HATINE .
3.1.2 GEkkE

SIHFESE T ZORBAX SB-Cig(150 mmx4.6 mm, 5 pm)
H1 Eclipse XDB C (150 mmx4.6 mm, 5 um)2 F i H: %} 16
FASER A B R I B 80R, Sl kP FHY] B AL
£ 1 £ ZORBAX SB-Cys L &S A B E A 24, H
Eclipse XDB Cg O iEFEHEF T4 250 16 Fi (0 i W I TE 4
ZORBAX SB-C g o Hlay, HILAS %% H Eclipse XDB
C15(150 mmx4.6 mm, 5 pm) @3RI 74085

X = ko

3.1.3 AFHAGMRAL

B ERNIE SRR LRREE i shHE b
A HURH A KA, S2002528 T B W 2 0 S0 i sh At
A PAERT 16 FIZERR G AR ER0R, HEgs
AR R 4y B SCRAE T 20, HLP B ELAE AR R AL
AAREERR S, BILSR 50 R A W B IR sl A HLAE

tHFREINE 16 FiA B0 2R 48 G 3 R IR PE W K I
@R, ER AP IAGE RN IR B B aUR . 1
InFRAES, i SL RS, M BRI E N 10 mmol/L B,
16 FRI €0, 2 34 RE SC I BE R 408 HL 40 g BEREhT o IR AR 5
IS YEF 10 mmol/L ZFREVE N i shAH Fh i K AH

TSI 9 ZE R L A Ak 2 TR R e B R Y 43
FHREEA 10 mmol/L 2 FR%EAF A I ShARIEA T 55 B2 Uk i i
16 FIRFIN (4 2 N BB S B2 43 B, (R R R B Ve 8 1
KT B . il ZWIE, #E T i ve Ry an
F 2 fiin. AJEHEE B & 10 mmol/L ZR%E%R .

R2 16 HBERNENBERRIER
Table 2 The gradient elution program for the detection of
sixteen pigments

Fisf 18] /min A% B/%
0.0 10 90
5.0 20 80
12.0 85 15

3.1.4 AFHMEAk e EE

FE RO (T8 B, A X o0 i 1 U R, A
VGRS, PRI ARk, Rl B2 s U s A AR P 1)
AEAL S ANIR], SRR AR A R Y B#
HEEAR, 16 B0 RE 4 00 43 25 BB M 3, YR E
1.0 mL/min B, JrA REINPIA RESLBIFELR 0 o Sl 1ok ks
ooty S JEE T A5 0 0y S 06 P T DI L B o A R R B SR, AR
SEE SRR HT IR 0.8 mL/min, 43E7E 17 min P5EAL.
3.1.5 Bk

T BE 78 A AT A5 | o 0 40 7 3 30 AR D 11 S AH R) 43
fid RECH ARk, 38 3 SO A I T DA A A I A ) A 40
() 2244 0 e i, A% REL 3N, AR e o (R TR
fe A T A E AR, AL A A S i, REIR
— AL 60 °CP'0), FETRARLXT BRYEWE 113 F% P B
Z A1 43 B RS AL ] B, AR T 30 °CHY, BRYENE
113 AP P B RRESEBIIL LR 420 o AR A F] 30 °CH P
HREMGSCAY B, ARSETh AR, R EAkLE. BT
PRI T 538 W] LAZE i A BT ), 25525 TEAS SE 30 BE R AT IR
H135°C,

FELE EAUAR G W R OB T 2T, 16 PSR €4
FRIRA R T S RO AT an &l 1 TR .
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8 N PR HERCR SRR pH A6, iR 542 T pH e
q . PRNRELN 2~7 PP BRI . (e bk A&, [
2, 4 sef || s HHAEHCHE Y B 5 7 A 3 0, 5 FL 3400 R ) 40 1 )
= " S, F LA R B T W 2 RO A 4
g4 SORERTINSET . ARLT SX, FRMETE 113 FISMEKET 1 IR MY
E 2 LJL L FB . PRI T 47 IR P, i R R
0 pH 2.

0 2 éll 6 8 10 12 14 16
[+ [&]/min
TE: WS 1 APBREE; 2. T2, 3. TSRAL; 4. MARLL 5. HVEH;
6. FRTENIZL 6B; 7. YERKREL; 8. BRYEELL 13;9. WNFFLL 2R; 10. THE
21 SX; 11, FRYERE I; 12, FREELT; 13, BRMERE 11; 14, MbkiE 113;
15. %' JHU B; 16. 43HLT 1,
B 1 IRA BRI A SRR 1% %1 (1.0 pg/mL)

Fig.l The chromatogram of the mixed standard solution

(1.0 pg/mL)

3.2 MBIk
32,1 REUEH

16 FIEEBR & (0 Z FRALYE AR, 359 RKIR e,
AR BUK IS E AR WA R, 5. K. 2B N
filil—E AR EL UK -F I . ZUK- IR AR . L5 X%
LT AR EMATR LAY R BEK R Z 5K 3T 16 Fif B AR o 4R B
RORAFE, 5L 025 AR HIR A P Sk 2 EAg) 3 i,
FREELL . BRVETE 11, MRTEWE 113, BP0 B M rHier 1 iy
EICR B, (RS O SRR AR 4:6 I, B
FREELT | FRYEWE 113 FNA0BLAL 1 A ED Y H RS AR
IR 4:6 B, APRETE | BRZORIVESELL [ISCRARAG, TS
CE 5K HBER TG Rl 16 RRgl 4y ot i [l i
Ko YSEIRHEE 0.5%ZUK MG TR, BRYER 1. o
HELT . WM B ArERLL 1 A IICRAIRT 50.0%.
322 BEAFRANLE

45 GB/T 5009.35-2003 £ i & B €50 o I &
P, R AT FR B AR TR A AR AR T . TR R A
Shy 55 A AR A IBORA L, Iz 0L R R S A B
Rl AN EA (0 2 A 7 B F 9T, Waters Oasis WAX
FEA F T RESL AT AR R ARBFSE ST Proelut PWA
B AHZEBUE R Oasis HLB [ AH ZE BUE X 5256 25 S B 52 ),
5256 45 A5, Proelut PWA B AHZEBUFE AT Oasis HLB [
FHAERCHEXT 16 FOREINA B34 AP 4 s sl A A, [l
WCRFFE M 2R, (BFE A Proelut PWA [E AH%E
SEUR: IR M58 908 114 P 2 Oasis HLB [EAHZEIRFE Y 2 4%, A
FIFHedr b2, DREAS SEBG 38R A Oasis HLB [AHZE IO
Xt R b AR O A T M 4
3.2.3 HkadAret pH 492

TEAER L RE TR A AU B [ AR 2 U X B AR

3.2.4 RBLESAMAL

16 FhAR B A A (0 2 30 3 -6 00 RO F T i
B R P 7 A AE R v, SO0 55 A 1 A LI 70 L RE IR
AVER 1, MiASREA SOk B AR LA PIvemi Tk . 4518
Jn—E R EUK, ZUK AT RS RS S T,
ARy, FTWHE ISR S BARE S W Z RIS 1, )
R 553 W P A WLV R BE IR S AR R T, o EL R Ak 5 it
FUPEIE T e o 256 A B0 R e A8 Z0K - BB B, 2 )
B B, J1ERLT 1 WASRERA Ot PRI T ok, (R A s
VRS AT A S B TR B A3ERLr 1 SRR Ok, BRIk
— B A T ARFEAF(1.0, 2.0, 3.0, 4.0, 5.0 mL)Z/K-F
B2(1:99, VIV SARFEMATA(1.0, 2.0, 3.0 mL)H BB S ]
MIPEMEAR .t SCseaE A5, M2RH 3.0 mL ZUK-H B
(1:99, V:V)[F] 1.0 mL FEBEPEMLRS, 16 FAREIN) A [T 4
53] 80%LL ., RILBEA 3.0 mL & /K-FHEE(1:99, V:V)FI
1.0 mL A R e AR o
3.3 FHAMEEIERR
33.1 FEAKMHTEE. HE5E. Alrk

F 10%F FKFERE 16 PR AP W, AEILfmsc
PET AT, ARSI S5 B B AR A bR, DA TR AR
YN RR ST AR EL T R, LIRS 1) 3 (55 S
A7 A i BR (limit of detection, LOD), 55 L% 3. Hirp,
Frigss . Brel . WHRBLL. H¥ B, FRYESNLL 6B, BRMELL 13,
HHFRLL 2R, WHARLL SX. Bathts 1. FRbE®E 11, MRty 113,
ST 1 BRI EE G 0.10~50.00 pg/mL, 5% Flak
LT R R TN 0.05~25.0 pg/mL, % FHEH B A AL
WRETEEIA 0.02~25.00 png/mL. SEHFRMH, 1% 16 FhiI e
JHCHR P B N B I A SC 2R (r=0.9997), £ i FR(S/N=3)
4 33.0~144.0 pg/L,
332 Tk AN B

3 ) AE BRI R JCER RORHRE S s i 2 AN T o v
JEE KT R A s o R A7 A [ A ATORS 8 3 I 06, S 86 2
UL 4o BOMUTE A8 IR I AR S 35 180 i 2
80.0%~99.0%, MIARFES: 5 YCOTEATINE AR X 45 M f 22 R
2.29%~7.57%.

34 FENHA

FH T 3 37 149 T3 AH A - 5 0 AR €8 3 v L FH T B
T SRR, YO, KERICRE . TR TS 2R P
BLL . SELr. MARZL. HIEH . MMM 6B, B,
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FRMELT 13, WAL 2R, WAL SX. MRPEM 1. JR#Ear .
FRbERE 11, BRPERE 113, ZFFH B 408Rer 13X 16 Fh2ER
FEZ PR, Ford SRRRR & PR s R & ol
0.76 mg/kg, 1K AR e R (o PR 20K o LA B ik

A HRYRRE . O T RUE ks A, i A A
BRI — 2 t TR AR SRR, R P R4 TAS,
PRUEV TR TS B WLIEL 1, 25 FIRE A E i I RUIMARRR i (235
& LI 2,

R3 FEMEKMER. EYEFEE. BXRH. QHIR

Table 3 The linear ranges, regression equations, correlation coefficients, limits of detection and of this method
(&N =)= Ty 7 HHIEREr i /(ug/L) 29 Fl/(ug/mL)
Frigee Y=39.90X+6.425 0.9997 97.7 0.10~50.0
Fe[Ean Y=37.90X +3.775 0.9997 100.0 0.10~50.0
ViRl Y=68.18X+17.79 0.9998 52.9 0.10~50.0
HRE£L Y=57.94X+16.40 0.9997 107.1 0.10~50.0
Hg Y=36.87X+2.771 0.9997 50.0 0.10~50.0
it 41 6B Y=35.17X+1.607 0.9998 76.3 0.10~50.0
PHRkLL Y=54.25X+2.275 0.9997 66.7 0.05~25.0
Fatker 13 Y=60.69X+0.514 0.9997 60.6 0.10~50.0
MHRLL 2R Y=59.65X+0.649 0.9999 33.0 0.10~50.0
M4 SX Y=48.30X+0.196 0.9997 41.7 0.10~50.0
TR PERS 1 Y=40.75X+6.778 0.9997 41.4 0.10~50.0
IRBELT Y=50.65X-2.091 0.9999 94.1 0.05~25.0
FRMEH 11 Y=54.61X-5.489 0.9997 85.7 0.10~50.0
et 113 Y=58.15X-4.975 0.9998 67.6 0.10~50.0
% 7] B Y=64.80X~8.647 0.9997 144.0 0.02~25.0
IYHLLT 1 Y=75.19X+16.70 0.9998 55.2 0.10~50.0
F 4 FERIMIREWE(N=5)
Table 4 Recoveries of the method (n=5)
BB KR
L AJRAH/(mg/kg) Jnbri/(mg/kg)  MEE/(mg/kg)  BICR/Y% 22 {H/(mg/kg) B /% RSD/%
Friee ND 0.50 0.48 96.6 0.49 99.0 6.23
Brer ND 0.50 0.47 94.4 0.45 90.4 6.14
BSR4 ND 0.50 0.48 95.0 0.46 93.0 2.80
VAN ND 0.50 0.44 88.8 0.45 89.8 4.05
H& ND 0.50 0.47 93.2 0.48 95.2 5.68
it b 41 6B ND 0.50 0.43 85.2 0.46 92.4 5.41
Vit %48 ND 0.25 0.22 86.8 0.24 96.8 4.64
FRELL 13 ND 0.50 0.46 92.8 0.46 91.6 2.67
AHARLL 2R ND 0.50 0.46 91.0 0.49 98.2 2.29
AL SX ND 0.50 0.42 84.0 0.48 96.4 4.81
FRIERE 1 ND 0.50 0.41 82.6 0.43 87.8 7.57
IREELL ND 0.25 0.20 80.0 0.24 97.2 3.97
FRMEHE 11 ND 0.50 0.46 91.2 0.42 83.0 4.73
BRPETE 113 ND 0.50 0.41 81.0 0.40 80.8 3.61
ZF1H] B ND 0.10 0.08 82.0 0.08 83.0 3.32
IYHRLL 1 ND 0.50 0.41 81.6 0.41 82.6 4.03

ND: At
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Fig.2 Standard solution chromatogram, blank sample chromatogram and labeled sample chromatogram
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