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Abstract: To establish a separation and analysis method for the simultaneous determination of 10 kinds of synthetic colorants, such as
lemon yellow, sunset yellow, new red, amaranth, indigo, carmine, tempting red, bright blue, red peony and acid red. Comparing the separation of
10 colorants with Eclipse XDB-C18, Venusil XBP C18 and Symmetry C18 columns, the recovery rates of three solid phase extraction cartridges
on Sep-Pak Plus QMA, ProElut PWA-2 and Cleanert PWAX-SPE for ten kinds of Synthetic colorants were characterized for qualitative and
quantitative purposes. This method could realize the separation and analysis of ten synthetic colorants in 27 min. It has a good linear relationship
in the range of 0.20~50.00 pug/mL (R>>0.999). The recovery ratio of the standard mixture was 69.71%~103.80% (n=6) in the samples, relative
standard deviation range was 0.72%~9.41% (n=6). The pretreatment of this method was simple and efficient, with high accuracy and good
reproducibility. The recovery rate, detection limit and precision could meet the requirements of national standards. The false negative rate was
suitable for large-scale matrix foods in grassroots laboratories.
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ESBAR B HPLC (32[E Waters 2695); [
BNEWRAIL. OFMFE A BOHL (EE SIGMA);
[EFHAEECEE E (2 Agilent).

+Fh o ZbrvES: (Dr. Ehrenstorfer): fTH535 (0.25
g 95.5%). Hr4l (0.1g, 89.0%). WKLl (0.25g,
92.8% ) BEWE (0.25 g,90.0%) H¥% 5 (50 mg, 90.5%)+
FHEA (0.1 g, 86.3%). i (025 g, 91.6%). 7
B2 (0.25 g5 91.0%). MRMEZL (0.1 g, 78.0%) A
JEZ (0.1g, 89.8%); thifali: HIEE. L. LA,
LR piral: ZUK. HIR. TR Ak 045
pm JEMEE (BIOFIL); SEE8 % HI7KA Milli-Q 4K,
[ A A HUEE : Sep-Pak Plus QMA 360 mg (3£ [
Waters); Cleanert PWAX-SPE 150 mg/6 mL (K1
P AIR); ProElut PWA-2 150 mg/6 mL (JE AT, ,

1.2 377k

12,1 w4k
Cleanert PWAX-SPE: #/HX 2.00 g £ T 50 mL
BOET, N 5 mL JE/K LEE-Z K- KR
(7:2:1), iR )G 80 C/KIBHES 10 min, 8000
r/min &0 S min, BEERNEFSERCE, &0
TE H 20 Yob TR /KT pH 2 6 /7 PWAX

280

MR IR 6 mL FEE. 6 mL ZK3EAL, INAKE S HREL
W 10mL, 6 mL 7K (pH=4) . 6 mL HE-F (6:4) .
6 mL ZK#RBE, RTINS 6 mL 2% %40 FREEDERL, 1
BEVEM, 45 CEMET, H/KEARSE 1mL, 1T 045
um JEALAH o

ProElut PWA-2: HY 1.00 g F£/f, A 10 mL $2HX
WA (U140 mL ZFF: 485 (2:1) WREWH, A
60 mL 7KF1 2 mL &K, W21 , )5 40 ‘CKIBHE
FHEEL 10 min, 8000 r/min 250> 2 min, EEFHLEERE
ARG, &9 BIEW, HWRRIAT pH 2 4 it
Frigls PWA-2 /MERIKA 5 mL HIEE. 5 mL 10%H
FRAKTEAL, ORI, FEERHE, AN 5 mL
FRBEIRGE, 5 mL 15% 207K FREEIE G I, USCAR BRI,
45 CHWMZEZ) 300 uL, HRAIFHESZR 1 mL, 1T 0.45
um JEALAE H o

Sep-Pak Plus QMA: #xHL 2.00 g £ T 50 mL &5
OVEH, N 10 mL oK ZRE-ZUK R (EETE K 2.8
80 mL, Z/K 1 mL, HIZKEZZE 100 mL, JB2)), i
R 5 min, 8000 r/min 50> 10 min, YBE EEH,
HEEBAEZIR, B LB 80 CRIMIRAEEL) 2 mL,
F 2 %MIEKIAS pH N 8, Frfil; QMA /MEIKIX
b5 mL FEE, 5 mL K&, ISR, 1K
%] 3 mL pH=8 [#J7KF1 3 mL pH=8 [£] 50% F EE Ik,
110 mL £hFR-ZEEAWR (1:9) BEML, WCEELER,
ZUKTTHIE 80 “COKIRIRATZRIST, FH 50%IH I
WM EARZE 10mL, i 0.45 pm JEMES .
122 &5t

i FE: Eclipse XDB-C18 4.6x250 mm, 5 pm;
J#: 1.00 mL/min; #EFEE: 10 pL; FEifE: 35 C;
lEs: PDA; #llygK: 254 nm; WaitH: A: 0.02
mol/L ZJR%:; B: WEE; BAEEGELAFAR K 1

1 REhIERERE SRR &1

Table 1 Gradient elution conditions of the mobile phase

A 8]

. 0 5 10 14 15 21 21.1 27
/min

A/% 900 850 300 600 100 10.0 900 90.0
B/% 100 15.0 700 40.0 90.0 90.0 10.0 10.0

123 %itZFEFE

SEIGHHETE GB/T 5009.35-2016 (& i & a1
FIRIISEY JFiEEAS, bRk b2k &5 24T A
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Fig.1 The separation chromatogram of 10 colorants on
symmetry C18
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Fig.2 The separation chromatogram of 10 colorants on Venusil

XBP C18
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&3 Eclipse XDB C18 &GS EEIEE
Fig.3 The separation chromatogram of 10 colorants on Eclipse
XDB C18

ANE AR C18 CLREAE I IEURE . AR A R IR
MNP —E R ZE R, FRE RN LS s
R CLREAE I B RS R B . AR B
FH FER S SRR AR AR IL S, [Fh 4.6x250
mm, Sum A% Eclipse XDB C18. Venusil XBP C18
o Symmetry C18 = Fh iR -+ (7] 3 B 1 L

AT, WK 1~3. BHEAEA, HRE EFIE
Symmetry b HUEREECNES (7~14 min), (HFFE
T, RYELL. FRERLMSTIER, TEEERR S
G R E R IR, & TR D, BT
BRI H A ; Venusil XBP C18 X B AREELL A1
HER B, WRERAE, (AL S
JERUR, & T BRI LA (775 B4 ; Eclipse
XDB C18 7 15 min P4 HFRIEAEH, IR 5
o JRPRPERN S BERE AR B R . B S K
F% B, Bclipse XDB C18 #:5;, BILPELF, sHriE
FEMR, (R GA K, BT R A
FEAR AP R o I R R B, % pH HIEER
WE N, EHTRIKEBOR, FERERERIEE
A=A

22 A B A EE N B kR B

ARUHTFEHT, AR T =FhEAHAI T 15
WAL EETTi%, 35l ProElut PWA-2. Cleanert PWAX
H1 Sep-Pak Plus QMA o Wl i iX = Ff/MEIF AL AL BE J5 1
FE SR EISCROIbR R4 10 mg/kg), WAk 2. IR AT AN,
PWAX /IS (22 i RS R AR BT AR W At/ A
TS QMA /EXAE AR AL T 2R B, 1B
PRSI S R pH, BTALERIN [A]C, TARREREL
G, BEH TR —HRE AL B PWA-2 /ML
BFI SR AN G, 2B TR, X
FESL L FULRE R TE) 2, BRI RCREF, WK
femAEm AT AR TAERCE, HARAEAR, @l T&Z
S & B AR A ]I S LA SB35 f8 F Eclipse XDB
C18 AilkkE, PWA-2 JRAHAIUIMEBEAT AL HE

3 2 T EIEEZENFET 10 #E RaEYE
Table 2 Recoveries of 10 synthetic colorants by different solid
phase extraction methods (n=6)

o BECES U=
PWAX PWA-2 QMA

FEH 9421~101.50 96.34~10548  96.31~107.52

#HL 8345~90.71  89.27~97.79  90.20~98.71
LEL 88.90~92.11  91.60~99.28  96.53~103.79

&I 72.19~8095  78.73~8535  79.92~89.87
JEAS4E  78.90~10032  93.52~99.11  98.11~110.63
H%#%  8845~103.57 96.47~109.10 99.65~112.94
FHERL 90.34~106.76  93.46~98.09  97.88~99.10

7 69.62~7785  73.22~86.58  76.95~89.01
BLMELT 77.80~8549  90.40~93.16  83.21~94.20
FBE4 68.88~8326  89.77~96.43  97.40~98.31
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23 AR R E AT A

ANFFER B SR AR R R
B8 GE. S (%) &, EIRBUH Lz
o, A AR EE A, HEAH R R AT A B 5 2 A 2

HIRCERHARRIA B EEH R IR . ARSI 24
T EREST ﬁ%’iﬁﬁ%ﬁ X AT AR AR AT O A
PRI, (LT IE F T2 2 S2 08 = Rk A A o
231 HAHE. BE

B 1.00 g ke, f0 10 mL $REBUK A, $RZHFEIR
B 10 min, JIAGEE IR, WV pH EHZ4 4.0,
Rt & ZSEABRIGUORE RSG5 20 min Z3BR 44
e, & RRBLA4ESERE il A PR EGE S5, 8000 r/min
20 5 min, WA BIEWR.

232 BEREHR

B 1.00 g 1AFEDN 10 mL $2BOR A, IR HEH
10 min, 5.0 5 min, UWEE HVER: BUTE5REY), &
’Eﬁ%ﬁzﬁ%—&iﬁi&%%, I LIER, ISR F IR,

PV pH HZN 4.0, fftb. HREMPEH KR
/Hﬂﬂaﬁﬂﬁ”ﬁiﬁ?ﬁﬂnux MBS, RSN 10 mL f1
Mk, JRHEIES 2 min, 8000 r/min 2.0 5 min, F-E
FrimmE FIEH, PR RAERIE AT, ik b
233 #R. RA&

B 1.00 g 0FF 0 10 mL $2HUHK A, S 40 CK¥G
B FE LA S A AR LR SR . BRI
PRHGRE A, FREATIREL, SDIRIF 3.3.2,

234 ZBHERE

B 1.00 g XFEDN 10 mL $2H0/ A, SEiRIEE R AE

B, ERT HARYNEREL PIR 3.3.2.

| oo S TR A A S
HY 1.00 g i0FE, JOA 10 mL 328U A, R, &
FHEEL 10 min, 8000 r/min 250> 10 min, YNEE FIETR;
TECBIRE i — MR o BAOCRAN R R AR, 75 2 KRN (3~5
PO RS BARIREE, &3t RG> B )
B, FNEEFIR, ATTIA pH [HZ0 4.0, 1§
1§k,
2.3.6 FLERIUH| SeAa 3L 5 IR S
X T [ A SR A (VR AS L ot 75 2 FH S0 R LA
S, M TESEREAILSR, RS K E
FER 1: 4 AT 21K ARSI K i FE 2 1.00 g T 50 mL
BLOVE, 10 mL REUK A, B REEIE O AT
TR, B KIREIRIED LA, R AR T,
DAEER, 8000 r/min IR AE B0 5 min, YEE EIEW,
IONGER RS, A pH 41N 4.0, FRHRAGEA
R0 S min, WA BB, fREL.
23.7 FL
HTTER] 1.2.1.

24 HMEFEEGHRER

o HRUE SRR 1 LR 7 I 8 20 Lt 4 8 i FH 7K
#% 0.20. 0.50. 1.00. 5.00. 10.00. 15.00. 25.00-.
50.00 pg/mL 1] R PR FEFRHE T ZR, 25 LA TR 2
AFR Y. BERMEE X (ug/mL) FIARE, #1748
PERENA 3, [T 3.

25 BEREESHEE

o AR [F) 5 5 () 25 R S AT AN TR & e b, B
rn B TRIACER,  EALINRE, SiEA A FEINER R

235 RetAARkHs. KR FHlde. HETF RRAI R HE R 2 (R 4).
7 3 10 MEBEREMETIHTEREER
Table 3 Linear equations and LODs of 10 synthetic colorants

AR ELeAclEb s H% BB R #r R/ (mg/kg)
Vi 5 Y=2.63269%10%x-1.339369x10° 0.9999 0.30
e Y=1.979139x10%*x-4.505035%10° 0.9999 0.50
WEL Y=2.488375x10*%-5.754201x10° 0.9999 0.30
i Y=2.713091x10*+2.220728%10? 0.9999 0.50
Jicf:EEs Y=2.197941x10*+1.221384x10° 0.9999 0.30
B3 Y=2.065768x10*-5.984394x10? 0.9999 0.50
HAL Y=1.628715%10*-2.704559x10? 0.9999 0.50
ZH Y=4.591618x10°x+6.289177x10° 0.9993 1.00
BRb LT Y=1.250531x10*+2.605666x10° 0.9998 0.50
Frdtsr Y=1.309168x10*+2.807997x10° 0.9996 0.50
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Table 4 Recoveries and RSDs of 10 synthetic colorants (n=6)

AFEAE S AR 2/ (mg/kg)

£ AR 0.2 0.5 15 5 10 0.2 0.5 1.5 5 10
P EE Y% AR AT AR £/%
ArAt 87.62 89.2 96.7  99.80 9541 8.65 7.38 7.77 6.41 321
Hir 77.60 8325 9042 9521 9582 7.47 771 8.35 1.46 3.50
Lo 85.33 88.82 9128 9375 986l 6.83 6.83 542 3.31 3.23
=B 72.11 79.80  77.80 7688  86.55 5.30 9.41 8.60 2.90 2.40
JIE B 4x 88.73 92.41 93.81  99.72  102.40 6.41 325 4.02 3.54 0.72
%% 90.25 9569 9674 9947  103.80 523 2.44 5.52 0.93 1.27
AL 89.80 9632 9585 9673  99.57 4.17 3.52 2.19 1.18 2.55
Tk 69.71 71.2 7643 8040  83.46 9.73 7.93 8.43 5.87 3.30
B4 78.47 80.41 8232 8863 8771 8.81 8.21 7.93 6.10 4.12
FeBEer 77.30 80.06  87.10 8691  90.42 7.33 7.70 6.85 5.02 4.03
#5 HRPEREETIFINELSR
Table 5 Analytical results of samples
Ao AR eF LA AmsER/ (ghkg) RRAEAE/ (gke)
AT 0.0032 0.1
. %% 0.0014 0.1
el e 0.014 0.05
R 0.0018 0.05
A% AAR 0.0016 TRHER (FIEHFN)
At 0.025 0.3
HR A %% 0.013 0.1
T 0.0067 0.3
FEL 0.22 0.05
- 7k 0.13 TR (RIEX)
%% 0.26 0.1
i) A 0.31 0.05
gk HEL 0.0052 0.025
S 53 0.084 AL
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3 Zhig

KIS T — P 2 R R T A A
SR TT%,  FE TR S AT TR 9T. 7RI
A B bR A B, AT RS T AT R, R A
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TEILAT SRR, LT E] . RFHBE RS 72
RN A S (RS R 52 7 B8,
WD BT ], REE S, . EEAS R
5, RSO, ARSI SRR HME .

Bt I K

AE TR R R, S X)) & A 3 I H I
x4 B TAE24RE,2010,22(2):112-121
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