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Determination of 6 kinds of Sudan dyes in Capsicum annuum powder by deep
eutectic solvent liquid-liquid microextraction-high performance liquid
chromatography

RAN Zong-Qin, YU Wen-Qin, CAI Qiong, YAO Li-Li, TIAN Xiao-Yan, XIAO Zhao—Jing*

(Chongging Academy of Metrology and Quality Inspection, Chongging 401123, China)

ABSTRACT: Objective To establish an analytical method for the determination of 6 kinds of Sudan dyes in
Capsicum annuum powder based on liquid-liquid microextraction with deep eutectic solvents (DES) combined with
high performance liquid chromatography. Methods Sudan red I, Sudan red II, Sudan red III, Sudan red IV, Sudan

red 7B and Sudan red G in Capsicum annuum powder were extracted by liquid-liquid microextraction. The extract
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was filtered through a microporous membrane and then determined by high performance liquid chromatography with
external standard method for quantification. The effects of DES dilution ratio, DES molar ratio, DES addition
amount, extraction time, and extraction method on the extraction efficiency of 6 kinds of Sudan dyes were
investigated. Results The results showed that the optimal method conditions were: Dilution ratio of DES 5 times,
molar ratio of DES 1:2.5, addition amount of DES 600 pL, extraction time 50 s, and extraction method was vortex
extraction. Under these conditions, the established equation had a good linear relationship in the range of mass
concentration 0.1-50.0 mg/L, the correlation coefficients were all greater than 0.999, the limits of detection were
0.03-0.20 mg/kg, and the limits of quantitative were 0.10—-1.00 mg/kg. The recovery rates of Sudan red G, Sudan red
I, and Sudan red II were higher, ranging from 71.6% to 117.5%, with relative standard deviations of 0.6% to 4.7%.
Conclusion The established method is simple, efficient, and environmentally friendly, and can be used for rapid

detection of 6 kinds of Sudan dyes in Capsicum annuum.

KEY WORDS: deep eutectic solvent; liquid-liquid microextraction; high performance liquid chromatography;
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IFHLE RN TARR T AR, FEAREIFHL.
BFFIL FRPF L, J5PF IV, SRPHL 7B FIRFHL G 4%, #AF
SR IIGR 8000 . S RIZEE G S AL AR,
TIOFHLOFES . GRS FREERY, AMARBR
HE AR S BRI E S I B £l b DLARIRCE 28 25 95
FHLF BA MRS MADT R, Al EaH ARGRE, K
A8 A 23 1M AR SO XU, B B g A BIF 5T ALY
(International Agency for Research on Cancer, IARC)%1 } %
=EUEY O, RER O S AT T,

R PRLL ARG I 7 32 FH i oBob € i ekt 2 e
BB (- BRI 94E . GB/T 19681—2005 (£3
PR PHEL GRS IN s R BORORE (i ) AT I A A R
TRFHLLL SFFLOIL SRR FILIIVAE 4 RS H A,
g3, ARZIT AR P BRI 2., AR MR .t T
21 7B IR PHEL G W A ARG, NI A 5 TE
ST —FpEIEINSE 6 FhIR PO BT T Ay B Y
FW, KIHIAE R (deep eutectic solvent, DES)EA Z il 5 .
JEORHIAR AR . SR OEMR | TR | AR A AR
BRGSO 2R TR R 2R mie™ | mey
FREAUZI A Yl E R0 5 et Y
HIAL PSR . HATH DES $2HCE P IR LR . 5
FHFAECOLA R = 2SR RNE SRR I 45 1 1 DES $23
PO R RESR T P2 G JfHerL, JpherLv; Xl
(3] R R = SRS R R 4 T B DES A T3R8
FEYIRERL TP FHEL 193RI DA EDr i R MR A 7
A HILIER] | A T RO, ANAF G R OR A A 2K

R, ABFFEEE S —FP T DES B -IR A IS &
1o ROBURE 5 PRHAS I B Th 6 R IR FHL R T %,
DR UPSE2 50y L P PR AR RN IRV S VY Rl kS P S/

1 MR5RE%

1.1 RS

Rk Ry

IFHLIAEE 91.8%) . HFHLLI(AIEE 85.0%) . FFH4L
(4B 90.0%) . AR FHIIV (2 82.4%)brifefh (JL I S5 Hs
R A BRA F]); FRSIEL TB(ZEEE 91.92%) FRFHL G(4E
B 97.14%) bR bh (72 DRE A w)); HIEE 205 (s, b
oUH RBEEHEA A A, N (RS, s T R it R
HABRAFD); IMER(ATEE, BCASTIRHE L2 S A BR A H);
HOE = SL Ak (o i 4, B BTRE T A AL RHE B A
BN HD); Seo R K g alik .
12 UFE5EE

LC-20A [ 0B A (e A — BSR4, H
AEEHAE); QT-2A WRHEIR A # (IR Hr A IR
4y F]); Advantage A10 FYAE 2l K HL (3 IR R A% A A ;
IKA-WERKE Ml #4t (= 3 = 24 F]); CF-16RN B.LAIL(BE
K&k B 2 HERT); Minilab 4 [ A BEARMY LR 3RG
RHMU A PR F]); KH5200DE #8753 e A (B LR
B AL AT BRZS #]); QUINTIX3102-1CN 4347 K- (kg i
0.01 g) . SECURA225D-1CN 43#i KF-(FEEE 0.01 mg)(F[= 28
ZF|Hi23F); Inert Sustian C g 4 (150 mmx4.6 mm, 5 um,
H 4% GL Sciences 23 ).
1.3 R HE
1.3.1 AR R ELH

WER PRI B4 5 1 6 R PRI RRfE BL 45 10.0 mg,
M CRE R # I 25, Tl U R B 24 1000 mg/L 1 —
BRUESE £, T R B T vk B2 100 mg/L AR &
PRAEPRIR, T-20 CUKFRTRAT o M58 FH I -FEH] Z I M B A
N T o 5 0 P s ol AR
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1.3.2 DES #9414

SRR P20 g5, i R — i EEOR HOfE R =
RGBS THAT, BT 80 Ciliia i btk
TN E Y — Wk, fTA3 DES A R L 1.

%1 DESHAEMKECLL
Table 1 Composition and ratio of the DES

DES %% F A o S A S IR EE IR T
DES-1 1.0:1.0
DES-2 1.0:1.5
DES-3 1.0:2.0
DES-4 1.0:2.5
DES-5 1.0:3.0

133 HmiTamEyik

W TR = O RE AR T, VERIARIRC 1 g B0k O
% 0.01 o) TRELES, A S mL NEIRERS)E, TR
it EE 30 min, L4 8000 r/min &5.0> 5 min, B EIEW T
45 °CTF AT, A 600 pL DES TEMAE h, iR
50 s, A S mL B4z, Wi, FLL 8000 r/min &
O 5 min, FHRERL PR TZEW, Fl4 DES #H 400 uL
s e, W EIR )G 0.45 pm (4 25 E B, VEA 2 mL
HERE/NIL, AR5 i A0OHE R (S 5
134 ZEIEM#HA

WIS mL K FECE S, IABTREHE S 100 mg/L
BITRAARMERE I 0.1 mL, WRBEIRG392), Held 1.3.3 k4T
FEAMTTALEE, 7€ DES #fRfid 5 1%, EE/RL 1:2.5. DES
FHE 600 puL . 2O R IE . 2B ] 50 s [ i 3Eah T,
43 3I1WF5E DES MBefid. BE/KEL . DES HfE . ZEMU0r=
FRITAE T ) %o [ A 2R g S
1.3.5 SRR E LM

AR O A T 25 51, TRFH B R AP K 520 nm
RAT R, R 6 AR FHET 2 AR B
520 nm, FELEMGEAE T TR S DAL

KJH Inert Sustian Cg f434:(150 mmx4.6 mm, 5 pm),
FEIR 35 °C, FEFRPRFL 20 uL, YK 520 nm, I A
SRR EL 0.1%F R GV TN ER=80:20 (V:V), B Ak
T 0.1%H BRKVE TR : I =85:15 (V:V)o B PRI 2514
0~4 min, 80% A; 4~8 min, 80%~100% A; 8~20 min, 100% A;
20~25 min, 100%~80% A; #i#E¥N 1 mL/min,

1.4 FIREAIE

RENBIEZ SH Lab Solution 5.98 AbHEFASH T
LLRYERSE R, PRRE ARG RSO S TR AT WPS 2023
Origin Pro 9.1 #ATEINFNGL 114347 -

2 HERE5HR

21 BERMAERE
RS A — AR HEIEBOE N I, SAFHL G AR FHELIL

KA P 7B MU FHALIVIY R (Bl e w2k, R 3232
VERE T SRR BR B LS 3 (I R SR A B . AR
FEPIA (I i oy B R EE, AN B 2 22 5 HOE
Wi v 2z e Fom, i 2~3 FIE 1 a5 F % c PSHL
VI8 B R 1.514, SEBLT 584408, H H A .
MR % ¢ TR 85 .
2.2 DES ERBREHIEE

H T DES ZhEH AP EALAGTT FE i H
B, RERBAEESHA 2. 5. 10 5, AREHREH
DES ¥ W I il 5 fik ik B2 4 2 mg/L 4 6 Rl R FHLL IR & b v
VWL EALIRE . B 2 AT CMARBATECK 2 £,
FEJG B9 DES BhEEARER, AH T @itk fofii fl; 24 R
5 10 fEEF, B bR o3 0% i e 58 5 246 2 3
% % R R KRR F i, B RRRECh
5, FhEAE R H R I R R A, I, 9 %E DES #
PAGECH 5 /%

®2 TREIBEEBRFE

Table 2 Different gradient elution conditions
UES PREEBEI Y
WfE)/min -~ 0.01 10.00  25.00

32.00 35.00 40.00

a WA A% 75 75 100 100 75 75

WM B/% 25 25 0 0 25 25

s [i7]/min 0.01 10.00 25.00 32.00 35.00 45.00

b WA A% 75 75 100 100 100 75

WA B/% 25 25 0 0 0 25

HsF ] /min 400 800 2000 25.00

c WA A% 80 100 100 80

WEAH B% 20 0 0 20

®3 TREEBREHATHABE

Table 3 Separation degree under different elution conditions

ez GEE ESY ER
B G 2.576 2.529 2.280
piSazan| 3.042 3.015 2.630
pivExan || 17.091 15.107 10.877
piSREANIII 11.855 11.194 6.899
4 7B 18.894 16.226 12.615
TFHLIV 0.458 1.285 1.514

2.3 DES EE/REL 32BN ZER B9S2

M 3 AT, P G AR PRI B AR (4 AR T
Pt BRI s T A 4 Fh, ZEEEIREERN 1:2.5 1, 6
RIS PHELLH 53 0 PO Y ey, W RBJRAEIGAC LU T i 25 1
DES *E B T SRt A5 . [k, ¥4 DES BE/RILM 1:2.5,
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Fig.2 Chromatogram of standard product at different
dilution multiples

2.4 DES AEXZEEERMNZN
H & 4 T4, 24 DES H&7E 600 puL B, J3PH0 G,

INFHEL TSR PHLIR) ML 2Rk Bl ik i {6, 2 )5 Bii#F DES
FHE R ARSI, [EOSCRIG A R R . X T B TRl
DES FaE Ry m, DES B K m T H AR o i 1% 5
K . DES FHREIEINST IR R, SR FFLL VA SR 7B
4 1T IS 3 5 AN K L IR ISR 380G, Rtk, #E4% DES
4 600 pL.

%0 L3416
i HPHII
701 AP
PISREARIIN
60| E59J1417B
R FANAY

1:2 N
DESEE/R H

I3 R HEXT [ SR i 5

Fig.3 Effects of molar ratio on recovery rates
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Fig.4 Effects of DES dosage on recovery rates

2.5 ZFEERF R KRBT ZEEER A E2 00

w1 5 AT, 18 6 FhIR P4 IR, TR EAEE
5 2B BRI v TR A A, T R A = B L
G ML AT PRI 3 P 3, M2 ]2 50 s B, 3%
FEZEBOT IR FFLL G S FHEL 10 Bh A1 A 3 i R fH,
AP RDSCR AL 5, B 75 S [R)X J5R LTI, 5
FHIVAITRFHLL 7B 1 IS5 i AN K HL [l S35 441K,
L, AR R EE, BHEA 50 s,
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Fig.5 Effects of extraction method and time on recovery rate

2.6 FEBHIEIFN
2.6.1 ITAEWL, K RFeE Bk HE
ARG T, RS DES B il 5 5
JE24 0.1~50.0 mg/L (¥ 6 FhIrFHLLgekl, i SO A 01
1531 o DARTREMR B B AR AR (X, pg/mL), WA g A Ak
BRI bR HE R ZR, AT A Btk a7 A . A C Rk,
R BR (A 3 A5 (5 H i3 B (A 10 F5 151 L5
WL 4 3R 4 AL, FEFRRWRE 0.1~50.0 mg/L YL PN, i
LAMRRARL, MXRBIIRT 0999, £l FR N
0.03~0.20 mg/L, EfRIREH 0.10~1.00 mg/L ., i & S2HHR

R4 6 MAFLRRNRERLFE. HXRH.
K HRFIERRER
Table 4 Calibration curve equations, limits of detection and
limits of quantification of 6 kinds of Sudan dyes

44 EeamlE| AHIE KR Rk

It R /mg/L)  /(mg/L)
FFHIL  Y=66593%+1451 0.9999 0.03 0.10
FFHIN Y=57856X-1316 0.9999 0.05 0.15
T Y=13843X-1336 0.9999 0.15 1.00
FTHIIV  Y=30314X-170 0.9998 0.20 1.00
FTHLTB Y=94825%X-969 0.9999 0.05 0.10
HFHI G Y=53686X-906 0.9999 0.03 0.10

2.62 MmAREDEBAFEE SRR

FER 5 ATAL BPHL G JRPHELL. FR PRIy i
K 71.6%~117.5%, AHXIFRUEIRZE N 0.6%~4.7%; JRFH4III
BB 50.0%~71.3%, AAXTFRAEZ N 2.8%~5.2%;
IFHEL TB. TRPREAL VIR 30.6%~57.7%, FHXTHR
HEMZ N 0.5%~11.1%., It DES X 6 Fhik 4 gkl A Bk
AT, WTRESE H T H AR B A B 454 22 5 1 i o
PE | BKPERIARRE, 5 DES 5IEAY m-n B/ . KRN

SEENMEAERARR, St TP I, S TV
ML IV BB AL G454 5 15/ K 53 T 2800 500 A
551, 6.60, 7.63 I 8.720¢, LAl fE S T DES By ILAN
Sy BT 3 2 TR R R O R ASIRD, TSR FRLT 11,
TRFFEL TV [ IESL AR IR FFEL 7B (R4 % 52 1) H LS (4]
SO T o Z A B IE R, JF BAESR L 7B S5k
B RIEFA, FEAATAIRBOCR A

RS HER T 6 FIRFHLERIAY AR EIULE RS B B (n=6)
Table S Average recoveries and precisions of 6 kinds of Sudan
dyes in Capsicum annuum powder (n=6)

0.5 mg/kg 2.5 mg/kg 5.0 mg/kg
A mgex HINBREE [Eex HXERE [EeR HIXRRE

% W% % WE% % WEY%
HFHLG 1175 0.6 75.1 1.8 716 32
T 107.0 1.1 84.2 1.7 767 47
FHFHAI 810 0.7 89.2 4.6 811 40
TP 713 2.8 60.2 49 500 52
FFHTTB 452 49 356 6.1 321 111
TV 577 0.5 46.7 3.8 306 6.6

263 FEFRASAR

N AT B TSR R 10 3 BHUR 264 TAG 0,
PIARAGI H LA L 6 Ry FRLT 2R o il ad SEBR A S A 3 B
AJ7EERT 6 B PR AT Bl ik Bk, BT LA T
BHUR 6 FhIR S GRS B A

3 %

AR —FIEET DES FEBUSEA B RT3
B AR 6 IR PHLA 575 . DES H R = 3L
AEEFIERZE AL, FRACBARE A FH N AR U R ] DES i
RARIEFMEEY, A EAEFEERE 0.1~50.0 mg/L 7
W, MR R, MHCREIYRT 0999, i RNy
0.03~0.20 mg/L, E=BRN 0.10~1.00 mg/L, TR 4L G,
INFHALL SR PRI B RE , h 71.6%~117.5%, FHXT
PREIRZE A 0.6%~4.7% ABFGTHES B IR EERIfE . &
B GREIMR, ATXTBBUR T 6 RN PR TR A
AT 0] A BRAURS o 95 FRAT €6 2R A G i 2 2

SE

1 HARE. TR IR T8k
PHAE R, 2021.
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