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ZoHEFE IR WML Hedn . B . I, 45 Shim-pack GIST Cig {43F:(250 mmx4.6 mm, 5 pm)Z3 55, LA
FH 1 0.02 mol/L Z TR M imt shiAH, A6 B BRI 43 25 F M A PR RS 2k I . 455R  7F 0.4~20.0 pg/mL V&
W, R RRAF, MEREIYE 0999 DL L, ik Ry 0.5 mgkg 451X Z Rk i 2E 174K
(0.5 mg/kg). H'(1.0 mg/kg). (5.0 mg/kg) 3 AWK EEANPR BN ARSLLS, BILERERCY 76.2%~107.1%, AHXHRUE
{2 (relative standard deviations, RSDs)H 0.4%~8.5% (n=6), G5 %7 Mrd e, M s . EE i,
6T A AT 5 9 Bl a4 R B A

K GHUE G, SRR, SSaR Gk

Simultaneous determination of 9 kinds of synthetic colorants in foods by high
performance liquid chromatography

WANG Ting, CHENG Guo-Dong, LI Na, ZHU Wen-Feng, FAN Ying-Chun, MA Hai-Feng’

(Anhui Zhongchuang Food Testing Co., Ltd., Wuhu 241000, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 9 kinds of synthetic colorants
(lemon yellow, new red, amaranth, indigo, carmine, sunset yellow, temptation red, brilliant blue and acid red) in foods
by high performance liquid chromatography (HPLC). Methods After ultrasonic extraction, polyamide purification,
concentration, constant volume, membrane separation, the samples were separated on a Shim-pack GIST C;g column
(250 mmx4.6 mm, 5 pum) using methanol and 0.02 mol/L ammonium acetate as the mobile phase, and detected by a
diodearray detector after gradient elution separation. Results Within the concentration range of 0.4 to 20.0 pg/mL,
the linear relationship was good and the correlation coefficients were all above 0.999. The limits of detection of this
method were 0.5 mg/kg, the recoveries of various samples were tested at low (0.5 mg/kg), medium (1.0 mg/kg) and
high (5.0 mg/kg), the recoveries ranged from 76.2% to 107.1%, and the relative standard deviations (RSDs) were
0.4% to 8.5% (n=6). Conclusion This method has the advantages of fast analysis speed, high accuracy and good
repeatability, whichis suitable for the simultaneous determination of 9 kinds of synthetic colorants in various matrix
foods.
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A RE OFE S —FhE F R & S gz
NAEIE A T, A RCE R EE
fif ¥ . EE IR BT . ARG E .. FiR6., BN
FEARSERE S, I A BUE BRI & RN AR, 7
Ty VORI SE AR, 32 308 AR 7 i LAk i F
B KM, G RCE OREE B PR RS TR
AR, Al BRASIRAREA TR, A EE
ML pa . IR, FRA-G NE R B EE R BT N B4,
Rk —E0EsE, RETE GB 2760—2014 (& L4 E
PRUE SRS IR FARE ) o X 25 i €270 0 B 4 ol
YET AR BOKR, (HAZ B2 50 F) a5 i IR, £ b B bR o
I E A AR EAAR BB, tah, BE A4
EACEER . R, SOk N AT IR IE KR R AR
AL AR S, BRI b kIR H e s A
TEAFIE W, (HERMEEE RIS TTEm, 7%
Xof HAEATAGIN BT, B AFF & — R . AR I i R
AT B B it S A & S,

BT, A B 006 I i 7 vk 2 = 0RO (6%
#:(high performance liquid chromatography, HPLC)!'™®| &
RORAR G- Bkl Ak R
B EL v e AR U R, H R R S
FiT A B 5 5 A W AR B OO AR A Bk P
QUEChERS 12> VR [ A A 728, At 53 R FH 3R ik
Pz i 9 20O I O b B €] T CROR € B
BRGRE EF AR . R EMEL R
AL FRIER S OB 15 2 T 24 1 SR HERS I 7
%, 1H GB 5009.35-—2016¢ & & & EZnE &5 TE g
FHAFIRME Y . GB 5009.141—2016 £ 5224 [ G bn
BRI E ) RGN ) R R 2D | dikk
PG BRIGTE . AL, W HRF OB, BOHIE . SR
TR TS AT IR . AR A A E S
TR, X AT TR, N E I E A 9
g R SR, DRI . G LR
W, 4RI AR B8, ARG E MR R M =
KAL) SR 5 2%

1 MRERE
1.1 UESANAF

LC-2030C 3D & RGRUAH (35 1 (B 8 — MR A S G,

HAEHAA F); ME-204 HLFRE(0~220 g, T AFRihit
FlZAF]); KQ-800DE 75 I Ik et B LU i 5 {48 R
o), IKA WeiR A 5% . T25 HFR#R(EE IKA AF); N1 &
WAL (i IZ SERH A R A, Milli-Q B 4l /K HL(3E

Millipore 23 F]); TDZS5-WS e 3 25 AL e WAL WL
HBRAF]); HH-6 B0 18 MR A8 (i M s il i A PR
23 F]); 0.22 pum 7K R B2 T S IR I 0y A FRA Al o

FEE(taghal) . Frisess . Bar . Wisear. ek . INER
21, HYE®, B, R2H5(1000 pg/mL), ERYELT (4 =
98% ) bR 0T (AL 5t 3z A8 RS B AT BR A H); LR (TR
aly, EK. KR, JoKZEE. Aihlk . FraER(Hrat)
RBEMA (100~200 H ) 254 A 22300 A R D), 525
FH7K R Milli-Q 4l K LK 45 AR 4l 7K
12 XWHE
1.2.1 AR AR 6 B

(OB THEA A VA W A T 1

HEGFREL 50 mg MRVEZIARAES:, FIAKWRBRIFEER
50 mL R T, 155 1000 pg/mL FR1ELTFR HERS 45 1R -
oAty 8 il 2 € 70 v VA VA W K P TR A MV TR o

QbR UE T AR K

SRIRBIBUATEE . B, SR, BelE. MARa. H
KB 22 FEERLL R TELT(1000 pg/mL)4$ 10 mL T 100 mL
R, AKMBIEERZZE, RA155] 100 pg/mL 1R
G RIARHE IR o i I I ACKHR & b B R OB R R,
85 5 ASFEHREEH 0.4, 1.0, 2.0, 4.0, 10.0 1 20.0 pg/mL
19 9 Fi e R R IbRE TR
122 Homirade

(DFESL PR . 4RI

WERFREL 5 g ARE LT 100 mL BURF &S0, A
50 mL 60 °C/: 47 pH=4.0 MFTBEROK IR, K 1~2 g SRBE
JEAS I/ VKR IR, BIAGRFEIR W R, IR 2 )
FEEEIL 30 min, A5 REERA SHES MRS LL 4000 r/min
Bl 10 min, 325 I RER KA M R A R AL S b
W, WpER . BRAE ZYOKTEE T 1.2.20)4 %]
AR EIhAE, AREA . PIRIER AR, WIS INGE A i,
B BRIMAE F FAE b A H

(2 i fit %

FRIEPIA 20 mL ZBE-20K-7K(70:5:25, V:V:V)IRG
VR RZIE, 875 5 min, 4000 r/min 50> 10 min, WA
W, FINAEAW 20 mL, WHERS, EEREERT K
T, BRI

QGFEfER . Ll

@ P I A ZBRIEAY pH & 6.8 oA, 80 °CAIRIE R
25 mL 24, F 50%H EE+50% O REFIRE SR E 25 mL,
£ 0.22 pm 7K R AL 8 e i S sS4 S o
123 &ih

{6 3%4F: Shim-pack GIST Cyg (250 mmx4.6 mm, 5 pm);
RS BB RS 2 K0 190~800 nm; FEBNAH: WEEH
0.02 mol/L ZFREVEW; Wi: 1.0 mL/min; FEik: 35 °C;
PEFEEE: 10 pLo BREVEBER T N3R 1.
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Table 1 Gradient elution programs i 2,22 (7] Wﬁ?ﬁﬂﬁﬁ/ﬁ’ﬂj, R Tk 2B K ok
H'H‘Eﬂ/min 0.02 mol/L Z;Eﬁ?ﬁ(’(ﬁ@i/% Eﬁ@/% j{J 70:5:25 (VVV), éﬁ%ﬂpﬂ 20
0.0 90 10
ggﬁ
5.5 89 11 : ,m%%g
8.5 0 100 g g %g§ gg e
18.0 0 100 % 5 §i§ ég
2 | e -
18.1 90 10 o b e %g
2 2 gi a
2 é ElE 2‘
22.0 90 10 - P Y

124 #3BAE
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[ | AR o e 25 S5 S S0 55000 o
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2.1.1 R EFAI gL

TR 9 Fii BUE BRI 8 TOKEMEBER, R
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XTHE b AT B 7 PR L, PRSTE A (10, 20, 30, 40, 50,
60 min) W HE i BRI I FE A o 2887 B E) 34 $) 30 min P E
FHRIACR B TRE, BT HERACE, %5 30 min /F
Sy e PR LA (], 5RO 1,
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Fig.1 Effects of different ultrasonic time on sample extraction rate
(n=6)
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W B R &Y, RSP RES
N LA BORERMEE G, WA R EaR 8T
FE KR B AR AL 0 28 TSR 52 I, 5258 40 551 R AR [F)
AR TC K 215 38K K (VEVEV)FEA TR B . 2B 2% R
BoR, MEKIRFLE H/NT 2%, @A ES, £k
PN S S 2K IRFR ol 2%, i A5 K
ZLARXT A 2 2 DGR RS Mm%, ZKIARFR 5 HOAE 5%HT,

70:1:29  70:2:28 7

0:5:25 70:10:20
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K2 TR KR EE T 45 (8 R B34 mIR (n=3)
Fig.2 Average recoveries of each pigment under different ammonia
concentration (nN=3)

2.1.3 A XIERR 0 iLF

B w1 % 0y EF =X U A J8 Je (nylon) . 5 kAR
(polyethersulfone, PES)FIAELF- 4% (ultrafiltration of cellulose,
CELL) 3 Fb4Ji . 52 10 pg/mL TAERBGLL I 3 Bl Rt
1T 3UFAT EALI, 255 878 nylon XITA (BRI HA M
PERI, HXFH & SRR YEL LR 4L ™ 5, PES il CELL 4% (2
AU AR EL g/, (B2 PES 3 385 BR M 21 A4 IRl R 458
CELL I, FeZ Sk ] CELL JRIEHEA 1108 #5465 i )]
Zead BT 8 3E S R AR WA 3,

FriRE
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Fig.3 Passing rates of each pigment filter membrane (n=3)
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Fig.4 Chromatograms of 9 kinds of synthetic colorants

222 #mlkkeyiksE

K 9 Fh G 60 AR EIR U A B RORAR (A3, =
W A5 ARG 25 7E 190~800 nm I K- 718 I P 1A T 42 K41
i, 153 9 Fhvd BLE G IR, S5 R 2.

®2 9MBEBFIMEMKK
Table 2 Testing wavelengths of 9 kinds of colorants

asgy B P /nm acgy B P /mm
P B 428 H %% 483
S TEAN 525 PERkLL 507
TiSELL 521 W 625
BEWE 608 [icdcEan 540
JiE)IEaN 509

23 FEEFIIE
231 AMHXERBEEHTR

9B G B IR RS TARE IR AR SOR A
TEASGHA TN E, DUREHREE(X, pg/mL) AR I FL(Y)
RYNAEATR, BT ARSI 2R . BRI AE 0.4~20.0 pg/mL
WEETGIRIPY, AHERB(DBIRT 0.999, LHEX R RAT. 4
PR 0% 3 A5(E I L (SIN=3), [RlIHEE & SEBRpE S FEA 7 ik
FT AL B AL BEIR S RS2, AR S MPRIREAE 0.5 mg/kg
BF, 9 R GRIBIREA &0, mIkeR . RS T E GB
27404—2008 ( SLH == P dl e & SR ) B SR
F 2K, R AT i R 0.5 mg/kg, KT SN/T
1743—2006 { &AL @etha . =i, HIESMS

BRI EARAE AR ). GB 5009.141—2016 #Rifi ik
HAG R, HLRIRERE A% T 2 GB 5009.35—2016 E K FriE)s
HRESR, G5 3,

R3 IMEEFMNLMESIE. EXARRMGHR
Table 3 Linear regression equations, correlation coefficients and
limits of detection of 9 kinds of colorants

et/ A iy PSS ()

FrigE i Y=63222.3X-4635.77 0.99926

AN Y=64919.3X-5409.24 0.99923
B SR Y=49375.6X-3325.21 0.99917

Beil Y=5204.21X+566.947 0.99994
R £T. Y=47870.6X-2986.27 0.99935

H 7% Y=60801.1X-3266.53 0.99933
ek Y=58668.6X-42252.47 0.99916

2 Y=159206X—10448.2 0.99927
AN Y=45298.8X-3021.30 0.99923

232 MATEREBAEEE

Sy RIF R B OB L PR BOHIE . IG5
TR SRR P INA 9 Rl B FIR AR EE T,
T4 A5 R i B R 0.5, 1.0, 5.0 mg/kg 3 AMEREE B INAR
B o IAREE i 43 BRI ARSI 6 v, TR (R PR [ i o
79.7%~94.7%, 0%} HRUEM 7% (relative standard deviations,
RSDs) M 0.5%~5.4%; /&SR T)EME N 76.2%~93.5%,
RSDs K 0.7%~5.4%; HER(EEMHEE S BEIE 86.1%-~
94.6%, RSDs 4 0.4%~5.2%; It4h, GB 5009.35—2016. GB
5009.141—2016 5 E ZARME 7k H T K 0 UCrk B il i |
IG5y VER RS R AN ENBCR Ky 84.7%~107.1%,
RSDs 4 2.7%~8.5%. #5456 ML ER 76.2%~107.1%,
RSDs 4 0.4%~8.5%, ZJ7 kRS | K% RAF, ARUs
SRR EESR, HAARK R W2 4.

233 REHE

ARWFFE T TR S UE S 2% GB/T 27404—2008 {5
B T P A ARSI 4 HE < EE A AT bR )
JERCEYIBREE) SRR, I S (& BICR A IE )
B 5 B M 220 KT PEE o i T34k et 24 9
T2 00 B PR P RE WA IR, I LA S 36 5% FH 22 [ SR A A
Di B 9 Fha RAMZE A 0 MRESLE N2 (IRERL, SR
JE AT IARSE RS, FE bR 24 B .

SR 4% 50, 100, 200 mg/kg IbRFE Sy, BEFT 6 YO
P, R DAE & ke, HHEE, 2SR
AL A 200, W S 2 FUE Y I 22 9 T
0.2%~11.4%Z [, i /& GB/T 27404—2008 i} 5% F.5 th sk
BE T ETE 10~1000 mg/kg F5 30N, HEES B
MR 25 /NTF 15% 50K, 150 BH Iy 125 R v P BE A% TG 2 A
MTFR, BARGERLEE S,
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® 4 FEERSWREMEREEE (-6)

Table 4 Spiked recoveries and relative standard deviations of spiked standard in different matrices (n=6)

v N 0.5 mg/kg 1.0 mg/kg 5.0 mg/kg
R A HenER 1 % /% RSDs/% e %% RSDs/% T %/% RSDs/%
FrigE g 81.6 2.0 84.3 0.6 88.5 0.6
B 82.5 1.1 82.8 0.6 84.2 1.6
BEEELT 89.6 52 90.4 2.6 94.7 2.1
B i 79.7 3.0 89.1 0.5 90.2 0.5
) JiE)Ean 81.9 4.8 81.8 32 84.4 1.8
(15 p9) -
H & 82.7 2.8 85.3 52 85.5 1.1
i san 88.5 3.2 90.1 1.8 90.5 1.2
S 82.2 2.7 83.3 0.7 88.4 2.5
i34 85.3 5.4 82.2 1.2 86.7 24
FrEEE 78.5 1.5 78.5 23 87.5 1.2
e EAN 80.6 1.3 80.0 1.5 82.1 1.4
TEEELT 85.2 4.8 90.4 26 93.5 0.8
. i 80.1 23 89.1 0.9 90.2 3.3
EIR
. JiG)Ean 78.6 2.8 79.8 1.5 82.4 1.8
(THRT) -
H& % 76.2 3.0 79.7 5.2 82.4 1.1
i san 80.5 25 88.2 3.0 88.6 1.9
SR 82.1 2.7 85.3 0.7 88.0 13
FRELL 79.5 5.4 82.2 1.2 84.0 1.1
Frig g 90.2 32 91.6 5.2 943 0.6
Brer 89.1 2.7 88.7 1.8 90.3 0.4
TEEELT 86.1 3.0 87.9 0.7 94.6 1.6
, HE W 90.2 2.5 89.1 1.2 93.3 0.5
Ly Ji}i=Ean 85.9 4.8 89.8 2.3 88.4 1.8
(e Ias ) . ) ) } )
H V% 2 86.2 0.9 89.7 1.5 92.4 3.2
it AN 92.5 1.5 91.8 2.6 92.3 1.4
SEW 88.5 1.9 89.1 13 92.0 1.2
k21 88.5 0.9 92.2 1.2 94.0 0.9
Tt 90.7 3.8 91.6 4.4 91.9 4.1
ETEAN 91.3 5.6 92.5 3.9 90.4 6.5
BESRAT 95.2 6.3 93.1 6.2 95.1 3.7
BEWE 92.7 42 943 7.1 93.5 5.3
e i) l=gAN 95.6 45 97.8 2.7 94.9 4.3
H&E#& 91.3 3.9 92.9 6.5 92.4 5.1
G AN 90.6 5.8 93.1 43 92.6 4.7
oy 90.2 6.9 91.6 29 92.1 3.9
FRELT 92.8 5.1 91.5 8.5 94.3 4.5
FrEEE 93.1 4.1 93.5 7.1 94.3 3.9
AN 93.6 6.5 88.9 4.6 91.5 5.7
TEEELT 91.5 33 93.1 6.3 92.6 6.3
HE W 92.4 8.1 89.7 5.7 93.1 7.1
i i MR REEL 95.7 6.7 97.3 6.6 94.1 5.6
H&H% 92.6 43 92.9 8.1 93.7 6.1
AN 91.7 5.9 88.9 3.8 90.7 5.3
L 90.6 5.1 90.7 42 89.5 6.4
PR LT 92.5 53 90.9 4.8 91.3 5.2
lig 3 85.1 7.1 87.5 6.3 87.1 4.1
e 85.9 4.6 88.2 43 89.6 6.5
gy ﬁiﬁ 87.5 8.5 90.1 5.7 89.4 7.2
Beis 86.6 7.3 87.9 6.2 88.5 49
i) [N 90.1 6.1 91.7 4.5 94.2 7.3

H % 89.7 5.1 90.4 8.4 91.6 8.2
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e )
o Ay S T 0.5 mg/kg 1.0 mg/kg 5.0 mg/kg
R LR tka = EITERY RSDs/% [m1 5 2/% RSDs/% [m1 5 %/% RSDs/%
%Al 84.7 7.4 86.7 6.8 89.7 7.5
LW el 86.9 8.1 85.1 6.9 87.6 6.9
R 21 90.6 6.3 88.4 5.6 92.3 5.8
i 102.7 47 92.5 5.9 94.1 438
Ll 92.4 5.1 91.8 3.6 92.5 5.2
24N 89.8 3.9 93.4 8.3 95.1 6.6
i 87.9 4.6 89.8 5.4 101.7 4.1
TE R O g £t 93.6 5.6 92.8 3.9 95.8 5.6
H 7% 8 103.7 4.6 97.5 4.4 104.7 8.2
ke 107.1 7.1 104.1 7.6 106.1 7.6
LiE 105.4 8.2 89.7 53 90.3 8.1
R 21 106.6 6.7 93.1 6.7 91.9 8.5
x5 MEESAEEENENREN=6)
Table 5 Detection deviations of the measured values and the appoint true values (N=6)
. 50 mg/k 100 mg/k 200 mg/k
HEER e *ﬁiﬁ!ﬂét%/(mg/fg)g TR2%/% *ﬁ‘zﬁlu‘ft%/(mg/kgg) : TR2%/% *ﬁ‘zﬁlu‘ft%/(mg/kgg) : TW2Z/%
PGB 48.2 3.6 99.5 0.5 207.0 35
EeEAN 51.3 2.6 103.2 32 194.7 2.7
PiE34) 49.7 0.6 97.2 2.8 205.7 2.8
i 50.4 0.8 98.6 1.4 202.6 13
Al Ji3)i AN 50.1 0.2 104.2 42 206.9 3.5
H&# 48.1 3.8 97.9 2.1 195.7 22
i an 459 8.2 95.7 43 193.9 3.1
LR 523 4.6 97.5 25 194.8 2.6
fRMELL 49.5 1.0 94.7 5.3 207.9 4.0
FrE#; 48.6 2.8 96.3 3.7 196.7 1.7
e 49.4 12 101.7 1.7 205.9 3.0
PE34N 49.1 1.8 104.8 4.8 205.7 2.8
e W 48.9 22 98.7 13 196.3 1.8
L5 JiLYiEan 50.4 0.8 99.6 0.4 205.1 2.6
H 7% 8 483 3.4 98.6 1.4 206.8 3.4
it s 50.3 0.6 97.3 2.7 213.5 6.8
ST 52.6 52 96.5 3.5 206.2 3.1
FRA 21 50.9 1.8 97.8 2.2 207.3 3.7
FrigEBe 53.1 6.2 105.4 5.4 210.6 5.3
Hrer 49.7 0.6 98.3 1.7 198.6 0.7
BESRAT 48.6 2.8 99.6 0.4 192.9 3.6
BEWE 50.3 0.6 106.1 6.1 195.7 22
e iG] [=EAn 50.1 0.2 103.5 3.5 190.8 4.6
H&#& 48.7 2.6 104.3 43 197.5 13
it Al 49.1 1.8 97.6 2.4 191.3 43
i 47.6 43 96.5 35 194.9 2.6
[ing AN 50.5 1.0 100.5 0.5 193.6 3.2
TG B 49.1 1.8 101.6 1.6 204.6 2.3
Brar 50.6 1.2 97.8 22 201.7 0.8
POE34) 53.4 6.8 95.4 4.6 203.6 1.8
i 51.6 32 96.7 3.3 196.5 1.8
e Jii)ilan 493 1.4 101.7 1.7 198.4 0.8
Hy& 48.5 3.0 106.1 6.1 201.9 1.0
Al 49.1 1.8 109.5 9.5 190.8 4.6
LR 55.1 10.2 107.6 7.6 192.7 3.7

FRPELL 50.5 1.0 104.7 4.7 195.8 2.1
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=54
50 mg/k 100 mg/k: 200 mg/k
PR WENER e e R Bmeke W AR meke  RE
FriE 50.8 1.6 103.4 3.4 203.7 1.8
EEan 49.6 0.8 98.3 1.7 204.1 2.1
TEIELT 48.2 3.6 99.1 0.9 205.8 2.9
HEW 48.9 22 98.3 1.7 203.1 1.6
TAC T 7 il [EEan 50.3 0.6 94.9 5.1 203.5 1.8
H 7% 8 51.2 2.4 97.6 2.4 197.8 1.1
7 %an 48.8 2.4 103.8 3.8 196.1 2.0
Sk 479 42 104.1 4.1 195.5 2.3
21 46.8 6.4 98.7 1.3 194.3 2.8
FrigE e 51.3 2.6 106.1 6.1 185.3 73
Brer 52.6 5.2 104.2 42 189.1 5.5
TR 55.7 11.4 105.4 5.4 198.6 0.7
HEHE 53.6 7.2 97.8 22 183.6 8.2
558 il [=EAn 52.9 5.8 102.7 2.7 1973 13
H& % 50.7 1.4 103.9 3.9 205.3 2.7
Vit %an 51.4 2.8 106.3 6.3 181.9 9.1
= 54.7 9.4 108.5 8.5 187.5 6.3
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