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W OE: By @R T A BB AR H - R 80O €78 7k (matrix - dispersion squeezing extraction-high
performance liquid chromatography, MDSE-HPLC) & 6 FhHUEN h IR FHL AR k. Faik  FEdh 5485
RATE, ARG R A0, Bl R R RRBUA ], 4 ALO, BIAHZEIG Mk, RS RORAE (i ikik 17
K, AMrER . R 6 M AR 1.2~9.6 ng/g WETEEINHA RIEFMLIEXRR, HERBEIKT
0.998, #HFEK 0.10~0.15 pg/g, EHRFE K 0.30~0.45 pg/g. FERMTE 3 MAKEIARIREE(1.2. 4.8, 9.6 pg/g) NI
SR 72.0%~102.4%, FXARERZE R 1.9%~6.8%. G5 Ay AR BB . MAME, T5Y, AR
BAARERIEH bR, HERREEFORE 2% BEAT -G 2EK, w] T B0 i 6 Rl IR FHEL G AR
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Determination of 6 kinds of Sudan dyes in chilli powder by novel matrix
dispersion squeezing extraction-high performance
liquid chromatography

WU Xi'", ZHANG Yu-Han', ZHANG Ya-Wen', ZHANG Xin-Xin’?, YANG Yan-Qiang’

(1. Department of Chemistry, Changzhi University, Changzhi 046011, China;
2. Taiyuan Customs Technology Center, Taiyuan 030024, China)

ABSTRACT: Objective To establish a method for determination of 6 kinds of Sudan dyes in chilli powder by
novel matrix dispersion squeezing extraction-high performance liquid chromatography (MDSE-HPLC). Methods
After the sample was mixed with dispersant, the extraction reagent was added and fully grinded. The extracting solvent
was collected by extrusion, purified by Al,O; solid phase extraction column, then analyzed by high performance liquid
chromatography. The external standard method was used for quantification. Results The calibration curves of 6 kinds
of Sudan pigments showed good linearity in the concentration range of 1.2-9.6 ng/g, and the correlation coefficients
were greater than 0.998. The limits of detection and quantification were 0.10-0.15 pg/g and 0.30-0.45 pg/g. The
average recoveries of the samples at three spiked concentrations (1.2, 4.8, 9.6 pg/g) were 72.0%-102.4%, and the
relative standard deviations were 1.9%—6.8%. Conclusion This method is simple, novel, low cost and less

pollution, and can quickly and effectively extract the target substances. The accuracy and precision meet the
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requirements. It can be used for the detection of six Sudan pigments in chilli powder.

KEY WORDS: Sudan dyes; matrix dispersion squeezing extraction; high performance liquid chromatography; chilli

powder
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TIPSR A R AR, TEHR AR B, T
7 ity € 1 SO HE N, AT SEAN AL B S TE BB
AR IR RO R, ST R R 2l A f B AR
fit, X ED A PR PHEL R M HA Ay B

AR, B AR TR P E R R e AV 20
FEO B PR PR A BRI 52 RN (O EE R, —
SER R RN S FEL R G . RETEM R &R A LA
BACE W55 m PERE MR ST BRI 92 0 T 6 A T A BRI
FEUOL R IR R 200 R 2R & | T R
RIFIBEA R, HAFTEM RHEREATRE, SR XEE
R . FIRT, QUEChERS HARUS R MM G
7Ii(solid phase microextraction, SPME)[6’18]$W4§-7&%I§HX&
AR (liquid-liquid microextraction, LLME)!" 214 i b Hil 4 A
JE PR R BRI BPRIRT AL TR SRR E T
Z AN, (RS )y A TE S A A P IR A 2 | T
RS AL R SN A o 570 BRI A A8 BCR AR (matrix
dispersion solid phase extraction, MSPD)*' 15 EL4¢ 347
BRI R Z AN, b RSB RO B S —, Tk T SEBR R
LW T MLV R A DR AR B T e TR
MSPD 2 S RE I 2 ORI VR T+ B, W WA 2
TR HE-N-N BB AR . T\ e BB R A R A )
FNCT2E A P —, MSPD kA 1 Y Pt A X 32
P o A5 2 B AT P 6 €5 3 705 A 0 B 1 2 R A5 A 452
THRETE 73 HOR, 52 BUXT A 4y vh i o it 2 3K B O E
PET MSPD kA T B P bl st Al AR
F kB2 O R, W 3l MSPD k00 R A I
MSPD L NAE  H Ak R R B AR R AT T
o B 55 [ AH AE FURE— B MISPD 9 H iR 35 A DA ]

AWFFEHET MSPD N T —Flok B L 5T 43 Bt
Fe 26 - i AWM 8 3% 3% (matrix  dispersion  squeezing
extraction-high performance liquid chromatography, MDSE-
HPLC) ]I 7 BB FP 95 PHEL, AR 2R 1590 20 B
R, LA Be ke S AL, o3 HCE ROBOBUR Hh A 25 AL,
F 3 B e it 5 R AR IBGR), 22 AR HUS HY HPLC

TR, A BRAORS P15 L O e 4R R S
1 #R575%

1.1 XFI SR

FALF(ALOS) I FHZEBUAE (500 mg/6 mL, [E ACES
D), SWE (A, T R AR R A BR A R,
ECEE BB T he R . IR & kA (NaCl)
HR (43 M ali, KR SR A R |, A R 45
[AI(NO;);]. RERE(SIO) (o Hrali, [ 24 Ak 2l A B A
Hl); 54 (Sudan Iy, #FHI (Sudan IT), #5FHII (Sudan III) |
FFHV (Sudan IV) .55} G (Sudan G) .75/} 7B (Sudan 7B)(4l
FEYRT 98%, HEBIRI T A AL R AT BR A 7)o

SEIG BT FH BN W F S 1T .
1.2 UE5EE

L-2000 75 R AR €2 385 {3 (BC 28 A0 T WL SGAS I £ )
HITACHI LaChrom Cg fA34E(250 mmx4.6 mm, 5 pm)(H
A H S D), FW-4A B AR R AILOR e A AT B )
Sartorius 7432 —HF R ZFIH A F); DC-12
RIRA( LT 2 TE R 22N ER A R ) 0.22 pum £ IR
HETT S S0 B A AT B HD ) o
1.3 XWHE
1.3.1 AR

PRIBOBHUB 10FE 0.50 g(RE %) 0.01 o) T BGWHEK
Fie—5E N A S BIGR) K 400 pLARBGR, FEAMRS B R
Y5 ook, IR A BT R AR R A MRS L o B
(35 MPa), FHBANEUER HIRBOR, B F/Mid . iE
WA IR (LA 50 pL S L, ISR AR SR IBORAA 73 IR
PR EHERIRWAAARL 50 pL A IE)IIA ALO; [ AH%E H
WSS 1 mL I CeibkiiiGfb), FIEC ekt B Z 3t
WG, FEA 10 mL & S%PN Y IE O a7 TRkt [ A A
HBOkE, BRI T, H 1 mL IEC b sk, of
0.22 pm M5 4T HPLC W%E .
132 &#g&Ht

%] HITACHI LaChrom Cg {34 (250 mmx4.6 mm,
5 um), FEiR30°C, WK 1.0 mL/min, FEAEE 10 pl, A0
520 nm, FRBNHH A N 0.1%H BRK TR : 2 1E=85:15 (V:V),
WA B 4 0.1%H R Z G HS e - N =80:20 (V:V), #EEEBE
BiAEF A 0~10 min, 75% B, 10~25 min, 75%~100% B,
25~32 min, 100% B, 32~35 min, 100%~75% B, 35~40 min,
75% B,
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B W, AR BRI B3 BICET P AR B OB (D B R 6 RhIRTAL R 3895

133 Mg EH &

FREL 6 FhIRFFLLAREI 4 10.0 mg, 435 F 10 mL
ZEmh, NIE el 2 IR E AR, Bl 1.00 mg/mL
BRI i 8 VR o 43 S0 R T — R St P BB A 8 VR B ) T
B4 0.60, 0.90, 1.20, 2.40., 4.80 pg/mL [IRE
P TR, SFRTECH], 29 P 0.22 um EBSIRE .
1.4 HIBAIE

R EEME 3 WEl 6 K, 455 LSF (bR ifE
AR, FIA Origin 8.0 A HEAT1E A BE 547 -

2 HERE5HR

2.1 REUTEMRK
2,11 REBCEFN 6y

iSSP SRFARGUN /5], [<rod i L D TE v = 1 Sy A S 2
BE T BRI A R REUA R, BT 4 iR
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%, S B . BEgtki, XA . IRAEEK,
AT R AR R, SR RS R thck, H
MELIRAE . AT e PR AR B v, R DU 52
BARBGRE, PR ABE SRR eV A OA )
2.1.2 &5 5H5 b 6k 4F

JEHE Si0, . NaCl Fil AIINO,); 3 FhrBGH, ZEkEN S
AEGIRAE FEA 1:1, 122, 1:3 1 1:4 (mem, F &)%)
UK . FREL 3 F/MER14% 050, 1.00, 1.50 F12.00 g, 43
5145 0.50 g BHWHE SR IIA 400 uL + %%, WFEE 3 min, &%
KR A Y E TR AR R HLETE, Bl ke, HARZER
XTHUNEL 1 Bs

400 - —=—Si0,
—e— NaCl
—— AI(NO,),
300
—
3 > T~
= 200 |
=]
=
K
100

1:2 1:I3 1:4
it 430 ()

1 AFah 543G Ho % B OB RIS 1 52 00 (n=3)
Fig.1 Effects of the ratio of sample to dispersant on the recoveries
of extraction solution (n=3)

FH B 1 AT, YRR 5408057 Si0,.NaCl T AI(NOs);
B AR 11 122 F0 12 B, kg e ok, Al
IKF] 300, 300 I 250 uL. SiO, fENAHGHN, BEEREM
5 EOR B G e, b i [ D, Y

1:1

R 14 5, 2T MR+ 8, NaCl 1E R4 5
B, e 1 A B B A -5 43 BB B A T
PAEHE KGN B AINOs)s R 2 BORIE, + ke
14 TS B 0 o L AR PO R, MR R 14 1, $REUR
[l 2 B /o 3K T BB i F NaCl Al AI(NO;); AN
PEARTR], I A5 3] TR A PR BE R TR], 7 355 e i s 22 )
H2s BN, ARG RRARHE o BRI, 438 Si0, . NaCl
FlAINOs)s 1R 4 HGRIEE, B 55 43800 i Hsr 51k
1:1, 1:2 F1 1:2,
2.1.3 pEAAT ek

it — L BB WOR AN 25, % 4% Si0, . NaCl Al
AI(NO;); 3 Fh /3B N 5 PFEL RG4S (R B0 o Si0, .
NaCl #1 AI(NO3); 5 0.50 g JARBHATKY(2.50 pg/e)hf: b i
I L L2 A L2 BBNR A, % 1.3.1 ik A E H
HPLC #:, 255K 2 frs.

a % 9 -
=
=:: 0 1 1 1 ]
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29 B B[] /min
é °r 5 N
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= 3+ 2 3 4
= 0 1 1 1 J
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c% 9 £ B4 Bsf ) /min
6 6
o 5
.l 1
= 2 3
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T:ar 3B Si0y; b 438N NaCl; ¢ 43800 AI(NOs)s;
{@3%0% 1 >4 Sudan I; 2 2 Sudan G; 3 5 Sudan II; 4 & Sudan III; 5
A Sudan 7B; 6 24 Sudan IV,

2 SRHGRIRT 6 BlIRPHA B3R SR BOSCR 1
Fig.2 Effects of dispersants on the extraction of 6 kinds of
Sudan dyes

ME 2 FTLAE H: 4L Si0, FAEGRI e, AR H
REMNE 4 FhoRFHer R, HIA IR P26 R & Rt i
INT HA A3 HGR], ALNOS); 4y 43 BIGR i Al AW 2 5 R
218 %, NaCl S 43 50 s I a] i 31 4358 6 Fhan Sher s
HE 4 v 700 IS R (), HAAR [Tl e e 1 A5 310, 45 SR
£ 1R, LLSiO, S 4G B A 1Y 45 8 FH 0 B R Mk
i3 /N F A /GRS PTRESE T Si0, H B HA R
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Table 1 Effects of dispersant type on the measured value and recoveries of Sudan dyes (n=3)
Si0, NaCl AI(NO3)3

A s - T — o —

CaY T EsE ok A hEERZE TR WoR  AXhERZE WETEE BRI bR
/(ng/g) /% 1% /(ng/g) /% /% /(ug/g) /% 1%
Sudan I 1.64 65.6 4.1 2.07 82.8 3.2 2.27 90.8 4.3
Sudan G - - 2.56 102.4 2.8 2.70 108.0 4.8
Sudan II 2.29 91.6 2.4 2.34 93.6 5.1 2.36 94.4 2.7
Sudan IIT - - 2.32 92.8 2.2 -- - -
Sudan 7B 1.92 76.8 3.1 2.01 80.4 2.3 1.82 72.8 1.8
Sudan IV 2.14 85.6 2.1 2.21 88.4 4.2 1.80 72.0 3.2

R AR

22 FHEFER

BMEFE. BB RAE B

B 6 FhIRPHZLBRME S 2 R A T o — R AR
FORRIE TR, FE08 1.3.2 35 Hr ik A9 i 25 A A Tk,
PLFRPHLL A T BN AR FR(Y), AR BOHREE (X, ng/g) M
BEABBRUEA TR AR A, ATAR A IR PR R I RH R, 2
R 2, 55BN, 6 PR FH 0 1 36 R ETE 0.9989
PLE, BEBTZES PR LN, W AR o B B R M R
R4, BeAh, DIMEWELL R 3 1, 68 45 45 19 H BR (limits

2.2.1

of detection, LODs), VIfEMELL A 10 B, #5E 45 450 A5 i
FR(limits of quantification, LOQs), Z5RUNFE 2 Fiw, Hik
R, AT LA R IR PR R
222 RHAEEAEE

TEZS LR BRBURE 5 Hh 43 SIS I 6 AR FHe 2R, 3148
TIARHEE Ry 1.2, 4.8, 9.6 pg/g 3 AU EEAKEHBURE A, 5%
131 ki Ay s B8 s0s, MR BEIET 6 IR, SRR
30 ARTTIRAE 1.2~9.6 ng/g WV IR 23 P9 725 Il 3ok
72.0%~102.4% . MIXSARHESR 225/ T 7.0%, LA T5 ik i
BREE . KGR T . BRI R T TAETRE

R2 6MHFALBRMEMER. @IASE. HXRY. RURFESR

Table 2 Linear ranges, linear equations, correlation coefficients, limits of detection and limits of quantification of 6 kinds of Sudan dyes

I

&= o ST L/ (ng/g) LM P EXA() LODs/(ng/g) LOQs/(ug/g)
Sudan I 1.2~9.6 Y=29423X+1214 0.9999 0.15 0.45
Sudan G 1.2~9.6 Y=14021X+905 0.9995 0.15 0.45
Sudan II 1.2~9.6 Y=40784X-9511 0.9989 0.15 0.45
Sudan III 1.2~9.6 Y=36318X-318 0.9999 0.10 0.30
Sudan 7B 1.2~9.6 Y=33392X+556 0.9999 0.10 0.30
Sudan IV 1.2~9.6 Y=34541X-848 0.9999 0.10 0.30
R3 6 M ALR BN ERFEI IR E R E (n=6)
Table 3 Recoveries and relative standard deviations of 6 kinds of Sudan dyes (n=6)
e InFRHR BE (1.2 pg/g) SRk B (4.8 ng/g) TR FE (9.6 ng/g)
SEHEIE % RAARHER 2% CFERICER % MARER 2% PXIMICR/% A AR ER 22/%
Sudan I 85.0 6.8 95.4 5.1 93.2 2.5
Sudan G 73.0 4.7 92.4 3.6 973 4.4
Sudan II 72.0 6.1 100.8 4.9 101.3 5.3
Sudan III 88.0 43 93.6 32 92.9 2.8
Sudan 7B 76.0 3.8 93.0 3.1 102.4 2.5
Sudan IV 74.0 4.5 86.4 3.9 95.4 1.9
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A FABF ST #EST AT R GB/T 19681—2005 (&
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16 +
4] \
D12+
% o| |
= u
E 6 6/ /
5
4 r i
2 2 3 )
ol M " ﬁf
1 L 1 ]
10 20 30 40

P B s} ] /min

H:: a: MSPD-HPLC #: (514 &; b: GB/T 19681—2005 (iR . (o
% 1 24 Sudan I; 2 & Sudan G; 3 24 Sudan II; 4 >4 Sudan III; 5 &
Sudan 7B; 6 & Sudan IV,

&3 #% MSPD-HPLC ¥:5 GB/T 19681—2005 X IR SR bt
S HTEE I AR

Fig.3 Determination results obtained by the novel MSPD-HPLC
method and GB/T 19681—2005 method

L3 R LAE Y, PRt 6 Fan PR ez ke
MEs A4, o A7 545 BFR4Y) Sudan I, Sudan
G. Sudan I, Sudan III, Sudan 7B. Sudan IV{& 435
92,07, 2.56, 2.34, 232, 2.01, 2.21 pglg, i mR
Sl R R B /TID I PR AN (811 e S W R
(P>0.05), [AIF GB/T 19681—2005 75 Hbr¥r & &5 5 M
92,10, 2.60, 237, 2.42, 2.09. 2.30 pg/g, A%
AISEPE RAT, FFARINEKR ., 534k, 4 GB/T 19681—2005
ME, A7k Bl o g v, A G J58 T80 B 0 KR RIS,
AR GRS B R BB PR o A Aneg i B 52 2 At A
TRt —E S E M-

3 4 i

AHF5E 2 R MDSE-HPLC S30UAH0RS 47 Fi b 31,
FEXTHEBUAFNFIZE | A HOARNZE | FE S 0 HGR H 55 4%
PEHEATARA, ERN T — Rh R SR L R R A I
o AWFF MR TS MSPD Hf F FRII 2 5K 14 ) i,
A RLRA ST A B, BRAR T SE00 AR, ko K A LI
FIAE R T A AL G, R AR . AR &,
FEA AP0 RS S uErf e, T DA X R AR R
TS5 FRET (ARG 75 R
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