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W FE: B T AHAC I SRR €T R 0 BB . BB | BOABUI AU b P RS
4 PRSI YR GRFHTL, SRPHOI, SFHTI, POV A, Bk FEMZIEChelm R, =Rz
ProElut™SDH 75 FHT % Al ¥k & 42, %1 Agilent ZORBAX Eclipse Plus C g #1:(4.6 mm=100 mm, 3.5 pm), LA
CIE-K AN AIRE BEVE I 53 8, BRI 20, IR 500 nm (FRFHELLL I, 1D). 520 nm (J5
FHIV), R BB RIADGREE 2, SMrdoe i, &R HSHAISIVATLE 6.5 min NSEISE 2505, 4 FiH
FRYITE 0.1~5.0 pg/mL JEEINL M E R REF, MHXRE(NDIIKT 0.9999; Kl FRy 8~15 pg/ke, & &MRN 26~
48 pg/kg. £ 0.05. 0.3, 1.5, 4.0 mg/kg M P INAR 3 84.4%~98.5%, AHXIFRUEMRZE N 0.3%~5.7% (n=6).
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Simultaneous determination of Sudan dyes illegally added into chili products
by solid-phase extraction-ultra performance liquid chromatography

CAO Mei-Ping, ZHU Qing, XU Miao, HU Gui-Xia"

(Shanghai Songjiang Institute for Food and Drug Control, Shanghai 201600, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 4 kinds of Sudan red dyes
(Sudan red I, Sudan red II, Sudan red III, Sudan red IV) illegally added into chili products by solid-phase extraction
combined with ultra performance liquid chromatography. Methods The samples were extracted by ultrasound with
n-hexane, purified and enriched with ProElut™SDH special extraction cartridge column. The chromatographic
separation was performed on an Agilent ZORBAX Eclipse Plus C;gcolumn (4.6 mmx100 mm, 3.5 pm) by gradient
elution with water and acetonitrile as mobile phase. Sudan dyes were detected at the wavelength of 500 nm (Sudan I,
II, IIT) and 520 nm (Sudan IV) by diode array detector. Retention time and spectra characterization were used for
qualitative analysis, and external standard method was used for quantification. Results Sudan I-IV were separated
completely in 6.5 min, the 4 kinds of targets had a good linear relationship in the range of 0.1-5.0 pg/mL, and the
correlation coefficients (r) were all greater than 0.9999. The limits of detection were 8—15 pg/kg, and the limits of
quantitation were 2648 ng/kg. When the addition amount was 0.05, 0.3, 1.5 and 4.0 mg/kg, the average recovery
rates were 84.4%—-98.5%, with relative standard deviations of 0.3%-5.7% (n=6). Conclusion This method is
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simple, accurate, rapid, sensitive and stable, and can be used for the analysis of Sudan dyes illegally added into chili

products at routine labratory.

KEY WORDS: Sudan dyes; solid-phase extraction; ultra performance liquid chromatography; chili products;
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B E—B AT AR EIREEE M EY, W
SFHLL, I, ALY 4 PR, R0 F 25800 . B Hil
SRR SR UL, TS AIREE . B G198 . R kAT,
A AR R A A fd R R, T
L1 JORE AR A Bt 53 vh R W] REBUR I RRE, EIPRE
SEWFST HLAY (International Agency for Research on Cancer,
IARCYK IR FHLIA Y = 2K BUm Y, HA W R A 4-2
FAH 2K 7K (4-aminoazobenzene) . 4B-H Kl (ortho-toluidine) |
A -2 L8 2 B 2K (ortho-aminoazotoluole) %5 iy — 2 BU&E Y,
1995 SRR & E 2 A48 IEHAR y B R AR B b s, JEE &
iR UESR (Food Standard Agency, FSA)HL& A UsiNonf4L
RN RS E & BES, i, RET 2005 4Kk 10
ARSI A R B S AR A 5P 2008 4R, T
AT 9 WEEPH R TITHSERF N EEAYRER %
WREVRTE S, JEAT T Al Re sk vk s i Ik & A9 i 4
BB T bl 45 T BEE BROAURY . IO b & op i
UL, e, s ERR . A, b Ao A
P G e SR ISRy 1D SR FARC LY ¥ ralll D R r S O e R e o 11
EHET/TEEREL.

HEr, AR o5 PR Oy ¥4 S A0 A
{8 % 3% (high performance liquid
HPLC)™™! | i &l AR €335 - 5 3K 5 33% 7% (high performance
liquid chromatography-tandem mass spectrometry, HPLC-
MS/MS)!O 2R R AN e R
BT SRH 1% - 5 3% B P 5 (gas  chromatography-mass
spectrometry, GC-MS)!"™1& e e i FH 2 38k 17 FH 4 N
Pz R0 e [ AR B ARAT T A DA I ik B AR
GB/T 19681—2005 £ & HonFHET YRR 7 7k &k
WAL ) TESEBRI T AR R R0« JE BT SRR 0
B, GEBCH AR . S pr e I A e BT A Sk OB
FRU-22231 FE AR 7k (0 S At F 7 0 Ak SR AR A X 9
PR E I kA TR AOLA, P T AR A AR I B X L) M
PRI TR, DB R AR ROR 25 TR, Wk
JREF I, THFERF Z . AFE)FKAA RS E AR AT
PR R 225, [Al—HER B AL SR e A7 AR i i
W os R AR, RIS SRR e M E S A, [
B R BRI PHLL. UAEEALERAE F AR R 55, Ptk ik
AR R 2 . ISR AR . 28 T8, e M

chromatography,

LI T B 11 RS N O v D N 0 ST ¥ a1 L R
Pt fRE . GERENTR,

KT, AW ProElut™SDH 5P % AL,
PR PR e BT 2 . IENHAED . R, v
B BEBH] b AR AR T, A BRI
BRI . @ A R R Mg S Ak, LA
PG . R R, R, WA TR E
FAIBORRC S v o8 PTG AR I i, S At R
21 ek B ARSI AT ARSI iR DA PR R AR I

1 MR5ERZE

1.1 &8 SR

Agilent 1260 Infinity fSACRAH IS (ACA AR EFE
BRI g, SEE Agilent 23 F]); Mettler Toledo MS 1003TS
HL - RO [ 45 -8 R 2 AL 8% (R ) A PR F]]; Turbo
VapLV ¥4 AW (B Bt Biotage 23 )); WAT200609 EL23 [
FHZE B B (35 [E Waters /A7) ); Eppendorf Centrifuge 5810R
AR B O HL(EE E Eppendorf 24 F)); SK8200GT i 75 ik
THYEA (RSB AR B F]); KS501digital $2 K
(FE[E IKA 2 7]); Milli-Q #4lizK 748 (3 [E Millipore 24 #]).

ZORBAX Eclipse Plus C g {33%41:(4.6 mmx100 mm,
3.5 um, 3 [H Agilent /A F]); CORTECS C3 ff it
(50 mmx4.6 mm, 2.7 um, 3<[E Waters 22 ).

INFHAI(AE>98%) . IR FHALIL(LE B >94%) . S5 FH4L
IV(4EF>99%) (% E Dr. Ehrenstorfer 2\ #]); I HLII(ZE
=90%, JLRTIZSBRRHY A RAT); . BB Rgal,
18 E Merck /A 7]); IESBE(HPLC %), MIP-SDR ZHF}HT
4 FEIAE . BOND Si fERE I AHZE U (500 mg/6 mL)( |
LTSS R R IR, MR CER(HPLC 2, EE
TEDIA 2\ H]); HUERUT 2Rk (iEgk, L Aladdin 22 H));
TKBRBREN (G AT at, M FRTHET, i it =ia 0 A B
/v H]); ProElut SDH 6 mL ZR P0G % FAFE ORI SR
FABRA D, Akl Milli-Q HBalik REEH 4

FEM: BT . BORGE  BOM A B A BT . AR
BT S A P Y
1.2 XWHE
1.2.1  ARBRIR 6 B b

Iy BIER AR BUR L IIVARAES 20 mg, I/ &
s G %% % 100 mL 2580, 185, Hhl
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ST 0.2 mg/mL AIARERE A VAT, -20 CCURFEIRAE

I RS, 43S 2 R B SRR A 25V 2.0 mL B F
20 mL #EAUA, F 40% R LT Sk F RV V) E R R
BB, BT~V SRR EEY A 20 pg/mL IRAHR
HETARR, 41 RS2 R BGZIR S e TARRGE L, FH 40%H
FEACT Bk BV V)RR BT 0.1, 0.5 1.0, 2.0,
3.0, 4.0. 5.0 pg/mL [ R 5 RFIHBRE LR TR
122 HouthiRI

B : WERRFREL 2.0 g 380K T 50 mL .04, K%
JIA 20.0 mL IEE k¢, #7%% 10 min, #7 10 min, 8000 r/min
.0 10 min, RHFHkL;

B WETRFRIN 2.0 g AT S0 mL B0 & H, A
2 g TKBREREN, WATIRS) 30 s, A2 A 20.0 mL iF 4%,
P¥&¥% 10 min, # 7 10 min, 8000 r/min &.0> 10 min, fFF4fk;

PR : HERRARI 2.0 g 38T 50 mL 2.0, A
EEIEC LR A)E @A IRE 10 min, ECkERERE
20 mL %50, RS, Rrifvb.
1.2.3 #9440

D¥EL: [ ProElut SDH 6 mL FhFHT & % AT o
A s mL ECE, REEZEESA, TR @k
FE: KSR I 5.00 mL fRFE b 2 236 4 ProElut SHD %
R, Bl 2~3 Wh/s, s Rk @mkik: K
WINA 5 mL IES 4%, 5 mL 1%Z 8 Z.Hg: 1F ©42(1:99, V:V)
W /INRE, FE R BRI, JEGURRT S min DL E; @BEME:
JITA 5 mL 30%Z B8 £ B :1F & BE(30:70, V:V), 1231 H Zl 5
DA 2~3 Jifi/s A, FUEMT 2 min KLE, 5 mL30%
LR TR IE 2 %E(30:70, VYT PR 1 WKk, UAE VRN
FE T, OER: BHRBIBET 40 °CKRIEHRK
2T, H 1.00 mL 40% H FEAUT LMk H BE(40:60, V:V)I
AR, WRE 30 so LA AR, & 0.2 pm JEHE,
B VR TR VAR €650 5 .
1.3 {UE&H

Agilent ZORBAX Eclipse Plus C;g ff3%FE(4.6 mmx
100 mm, 3.5 um); WA A K, B NN, Bk i
%A 0~3 min, 85% B; 3~7 min, 85%~100% B; 7~13 min,
100% B; 13~13.01 min, 100%~85% B; 13.01~18 min, 85% B,
ik 1.5 mL/min, ¥R 40 °C, RERAEIEIE: 10 C, dke
KA 10 pL, KEIPE K 500 nm (FHfher 1. 10, 1),
520 nm (R FHLIV),

2 HER5SH

2.1 HWMEHFRRIK
211 EEEFHRA

E bR 7 vE T sh AR A 52 2%, il o8 HL 5 51 AR 22,
R FaE M E Z AR S/ IR E, FLNERAE i s A K
B [1{ 1 5 5 SRR RAARR, REPRIB A0, A58 4901 25 4%

ZNE-K . CHE-E 01 %R IR F -5 0.1%H R
WO TREVER 3 P sh MR R, 25 R A, HHPE-%
0.1% HF R 11 2, R Bt Vi TR R I R HURE Jre e, (HL7E 25 28R
MEETIB AR 2R T, B veiia . [ E-
T 0.1% R I KV WA F 15 43 B B RN R U 4R T 2
KRR, LRG58, wRIMERERRE . BCH AT O -
KRGS, BBV =, JF I~V 6.5 min
VR SE 42, [ A S 2% A 200 85 Hg RIS

Jyik Bl kI B B, %% T CORTECS Cig
(50 mmx4.6 mm, 2.7 um)Fl ZORBAX Eclipse Plus Cig
(4.6 mm>100 mm, 3.5 pm)EFEHXTHEUR H 4 FhoRFrEr gy
B> B ROR, K I3 A CORTECS Cis (50 mmx4.6 mm,
2.7 um)FHFHELOT, T, IVASRES 22 A 84y i, i 8
ZORBAX Eclipse Plus Cyg (4.6 mmx100 mm, 3.5 um)REf
B3 B BB i B L L 3R 55 RIR LSy, R HALIIVIRTE
it R BUE R & . FiE# ZORBAX Eclipse Plus Cig
(4.6 mm=100 mm, 3.5 pm) it
2,12 REAFAE A K K 6 ik 4F

N 2 ARG B4 X A B 0 ARG I 2 0 R 2 TP 1)
SR, BUREVR SR S ng/mL SRFHIIMVIR SARUER IR
1.3 ST or 8, A SRR RAE 210~620 nm
BAREEIMDEIER N 4 b SIS R R, RFHAI~IV
BRI KA 50 480, 500, 500, 520 nm., ZNFREL
L, B4 ProElut SHD % FHR4Hb S, 480 nm T i
FHIVURERRIAE AT 500 nm T IR FHLLIVE BRI E] db H G 24
BT, Ml B 45 BT itk o 255 R I~V 25
TEE, $EPE 500 nm SAFRPHL, I, TR K, 520 nm
TFHIIVIIRE A, AT, TFFHAIMVIRA R
W EISEEWE 1 PR, o ILEIE XA R AT,

150 [ Sig=500 nm f‘
S - 2|
w383 &
c 2 3 :
i = 2 =7 E! ‘
sop 8§l gl [
. R \ B~
2 & 2 B w7
E 0 |[—~ has ,kg: (G L)Y B G
g 1‘
2150 | sig=520 nm ‘
= |
<, 3 ‘
I~ ﬂ' ‘_‘I ﬂ:
R N 1= g
[ —=| o T > ‘
, | gl B g
sof  § § §) Ll
S~ -] | .
2.00 4.00 6.00 8.00
£ B3 B[] /min

K1 SRAHISIVAREA R ISR (S pg/mL)
Fig.1 Chromatograms of standard solutions of Sudan I-IV (5 pg/mL)
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2.2 REIACEBEHRIKL
221 REREMH6GHR

TFHEL R BREEGORL, A RGR B K Y, ARk
PERE, AT TFAREGIRT EZA G . IEC ke, PREFI—
AW LEAE . AT, IF O FAHRE B R,
K FHIE O B AR BOCH R T e LA R, 88T I O e 4R
BRG] S R P SR IAOR, 255 B8 P IV ]
WCRITE 94% LA b T I XHMAR iR, AT A
R RRAR T BT 5 PR LT W B S PR S R, AR B 52 T 2
A SRy s SR B ISCHABUI 5 PR I B BUOR, RN 1R
BRI AL T IEC Se, AR IERICET R ZR, Ha
0 o5 R AR BUR AR B R AT . BB, ST HE S
BE . XA s PR YR PR R, R 2
FR, 1F CREARBOR PR 0 mISCR I 8 T 20 . R
S ER A A R OE O e RO R PE R G . BE T IEC
BEA B PR, FA BRI B AL 3R, 450 3 Bt
], DRl AR BIF 5 e R 1F O Be A R BRI 7

b2 AN [ B Iy 2% 85 5, AR B 58 R
F— ARG B I, 2 5 2 U SR BRI I )2 3 )
FEFHRI 3 AAS ]y AR BB 5 R R PR gk, 55
FW, PR 10 min J5HA 10 min, F5PFELIMIV ECRI A
3 91%UA |, FEEFRBOREIE AR R R, IR
I~IV ISR A T &, HLZ T T4 W] i 3 m

B OE BESkR

sk
I I I #ﬂ. I

PiSaran Ao FHFm FHSv

P 2 AN IR BRI 700 BRI I i SR 2L I~ IV IR BSR4
M (n=3)
Fig.2 Influence of different extraction solvents on extraction
efficiency of Sudan I-IV added into capsicol (n=3)

222 ALEARFRAZMEE

FRAH G A & KRR A EFRR N, HEEBUEH—
ERERT Bfnfba, ks s R ZR, MR
BUR AT e A £, EH A T A SR ekt i
20 3 A 3 A R [ A #E B (solid-phase extraction, SPEYH: | %
J58153% (4,1 (gel permeation chromatography, GPC) P27
P RS0 GPC ATAERRAE . WMIES K
T, (HREAER 22, AR R, A il 38 o RE AT

Koo Ab, 8 FH 3 FH Y [ AH AR IR A0 5 PR 2T ] RT3 i
R, AW 58 R URN R S AR 5 PR L I RE, BT
MIP-SDR #4143 FENili At | ProElut SHD 75 JH41% A
R RERE-orFENI AL 3l A A8 B Ak =X SR
gk, FHk—B e T bl AR G B . 7
BRAH] S TN 4.0 mg/kg FRFHELIIV, $%HR 1.2.2 $1UF,
SR 3 Ak AL E AR, bR R A 3, B
WO 28 REAE T 3 FIOR [l AL R i (a3 1 LI 4., S5
S5RRY, {87 MIP-SDR J5 PHLL 4 FIAE AL BRI, 55
FHA I~V RSCR IR AR, = vl AR A i iR e e, (H2
FEXF BT . A SE IR e A R AN TE 4, FESR AN
PREA B A R 2 T4, S TR isiR kil . R
R A F B AR AR RE &, BT LA PR KSR 1o 2 o T 4t 1)
R, (PR DR R R A [ o R S 2% 5 . B M RN PRET YL, i
DGR SREAR ) =/ BES A MRE (& S5 o G DNE G e
MBS, PR TE 4, R RRAL, Bk R4 FEili:
T8 FH IR R € R S A BREURS B i ([ IR = 90%)
ProElut SHD FjfH1% FIATE 76 AN [l 56 S5t 1) R i v 5 )
LTI~V R R A i ICR A E B, el s SRR
#, ProElut SDH Ji FHT & FAT A PR & 0B 8, |
2RI A B A i 0k, ARt . AR KB
AR ELAE T B A TP IR W R TR . BRIV AR SR 2, T2
Ry 55 BH B P A OB, G AR M B A A D R
FHAEY), BAERG R 2 BRMANET 2 55 R AR 4
T, TR P DR e S AT L R R i 5 i R o
AL AKHE A, PR IGEE FH F B A3 £ i I AT A 2
223 HLFEAEEEGE R

i W R 5 R R LT DR () R, AR5
K R R ANIE O e TR AV I T g e, 32l e 2r 2,
% 2 W6 B R 8, 28 Hoxt R PR LR A B, 4%
RAE S FoR, WEBITRD R OB S m, 55t
LIT~TVE) BRI 2 B A R RE AR b 3. 218
T AR TR o B 8 (= 50%) B, OB i o K 4R €5 38 3L
v, TR PRI II@ R, FLAE S PRIV AR B I Ab
WIFHEZ, S 30%2 R £ Y 1E O e VA A7 AT i 24
B, FRPHISIVIS A B i R, e A SR
B 30% R OBRMIE CREIR W . SLIRIR R, MATHT
WVEIR R EBRASE 4, TRPHLIIL, TV RN R I 8RR <
90%), XAEHF AHFHIUL IVER 2 A-N=N-JH, 55
FH 5 1 22 e At | -COOH H& H i 1 52 e 1 FH 77 4 44>
IF5] K A B0 3 A 7 s o) RO A O A A R AR
TEFAAE C o8 Al T LA IT 35 1 [ R 26 BURE 76 £ 47
SRR, R )2 55 P BT aS e SRR 6 A B, L TR PERRAIR,
AL RUR, 25 JT 5 60 d J5 19 ProElut SHD 7/
21 PR AL BB RE i, X 950 P 20 TR B Ik 8] A 55k
e Tk
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ProElut SHD B MIP-SDR KiSilica-MIP SDR
100
80
X
< 60
= 40
20
0! il : :
HFHAL SN HFHIM HFHAIV ST HFHIO SRFHII PV A S0 PO LIV
B BT B
TE: A FRRAFUTI, THEh,
&l 3 [AE 2 R XS SR PHELI~TVAP- 34 [T e 2 0 (n=3)
Fig.3 Effect of solid phase extraction columns on the average recoveries of Sudan I-IV (n=3)
L ) 100
C i
. |
i Sig=500 mln ; ‘ ? 99 |
100 [- ! % ' I 98 |-
i “ (- f\ | ‘1 LT . i
- “ L il RN hdl
50 ( ¢|| | i %[
g A A '_‘H’ '\;"7_”’;“_.‘_‘“ — = 0
& 0le-r R S % r —— I == FPhr
5 T G50 mm u BT —h— FPHLLM == HIHLIV
= 100 & , I i
L i 92
L \ 1 M “ ' 1 1 1
L I f M 91
ol (I N | I 0 20 40 60 80
> i \
e A JU N S RN 2 TRZ BB 0%
Fet S AVAWAN —
I S ARIR CaHO, & REX I3 () B (n=3)
| | | | Fig.5 Effect of percentage of C,HO, in eluent on extraction
' recoveries (N=3)
2.00 4.00 6.00 8.00
AR B8 B [E]/min

TE: L IRFHAL 2. SRFHCILG 3. JRFHLLIL 4. JRFFL0IV,
a. ProElut SHD Z3 21 % FiI#E:; b. Silica-MIP SDR gt ifE 43 EN AT
c. MIP-SDR #SHELAr T ENIEAE; d. JRPHELISIVAR A W o
Bl 4 JRFFLLI~IVERAER RORT 3 i [ AH AE BOR Ak b 2 (1 A
i Y € ]
Fig.4 Chromatograms of Sudan I~IV and chilli paste samples after
cleaning up by SPE columns

23 FEEFIIE
231 AMXER

TERARIE 2, R A O B8 B (] A 1% B 1, Ab
PRILE RN 1.2.1 Bl 0995 PHLLI~IV R 40 b o i 20 5
(0.1~5.0 pg/mL)FEA TRE, LIS 2B e BE (X, pg/mL)
HREARAR, WY, mAU) AR, bRk . %
1 AT PRIV AR — 5 Jo i R 5 P e 6 R R AT,
AR EL r KT 0.9999,

232 MR AEER

HR A S BRAE S SE BT A B, 0 ) OB T . 8k
WUEE | BB S AR AL, 45 1.2.2 BREUEEAD 2.0 g, BN A
PR TARWOE &, A i T A b 3 s, AL, DL
2T 3 F5E W (SN=3)TE A H B (limit of
detection, LOD), 10 fi#{5 M H(S/N=10)3 155 5 PR (limit of
quantitation, LOQ). Z5# BrR, BT . Bk . Bt
L I-IVE LOD A 0.008~0.015 mg/kg, LOQ A
0.026~0.048 mg/kg (WL 1), 5175 REERE .
233 REMEAAEEE

TEBCHHT . BIRGEE . BRI 2s FRE S 1 A R FETli
SCBGIERR, $1.2.2 BREGRESL 2.0 g, ZRAIEE 0.05, 0.3, 1.5,
4.0 mg/kg HJTTREHR KT T INAR 1 5256 (n=6), A
D5 LA A TR AR R,y (8 I IR AR X AR D
2 (relative standard deviation, RSD)IF 2 FIr7R o XFFBRAURY
R, TR FHAL ISV R R 91.1%~97.8%, RSD K
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1.6%~4.0% (n=6), XF THARERES, RN 87.9%~97.1%, BRI N[, HFFLIIF IR, KA g bad h;
RSD H 0.3%~3.4% (n=6), XF T BARHFE S, RN Pl R R I o SRR S 1A PR L A K
84.4%~98.5%, RSD 4 1.0%~5.7% (n=6), FHA )51 LA F(0.05 mg/kg)MIATAE Sl B ARV (0.30 mg/kg) INFRFE 1 €
T VRS R RIORE 2 B o DR 2 S5 R R BN, SRR AR RS W X 75 ) WEEIILE 6, AIF TR 3 FIORIRIZE T IR SHII~IVEIEE K
LTI~V IR BN, A N o B8 = 4 Fhos P e I, HAE AR i i b Jo i T3k

x1 AROIMVEILESRE, BXREK. RHRREER

Table 1 Linear equations, correlation coefficients, detection limits and quantitation limits of Sudan I-IV

LOD/(mg/kg) LOQ/(mg/kg)
pi SRR ) LT LEBS (]
BACRY  BUMGE Bum BEUN BORGE BUBUM
piSazant Y=137.6X-0.2431 0.99999 0.010 0.012 0.009 0.033 0.040 0.030
PSRRI Y=138.9X+0.4400 0.99998 0.015 0.014 0.011 0.048 0.047 0.038
IhFHLII Y¥=178.1X-0.9109 0.99999 0.009 0.014 0.008 0.029 0.048 0.026
HFHLIV Y=214.5X-2.0315 0.99998 0.013 0.009 0.010 0.043 0.030 0.031

R2 ERELE G P A FHIIMIVRY AR E R S A R E R ZE (n=6)
Table 2 Recoveries and RSDs of Sudan I-IV in chilli products (n=6)

PR P BRI
TFrer ekl Jindz R/ (mg/kg)
[ /% RSD/% SR /% RSD/% BT /% RSD/%
0.05 93.8 3.8 89.5 3.4 90.5 3.9
0.3 97.3 1.6 92.6 3.1 91.1 3.6
PSRN
1.5 97.4 3.4 88.7 2.6 90.5 2.8
4 94.7 2.7 93.9 0.6 93.7 2.4
0.05 92.1 3.5 88.7 1.8 84.8 5.4
0.3 92.6 23 91.5 0.5 84.7 5.7
FFHI
1.5 923 3.3 87.9 2.4 84.9 3.9
4 942 2.8 89.5 1.6 84.4 3.0
0.05 92.5 3.4 923 2.3 96.8 1.0
0.3 91.4 1.8 90.4 1.9 97.6 1.2
piSaranill
1.5 95.3 2.6 92.9 2.0 98.3 3.6
4 97.7 2.5 96.8 1.2 98.5 1.4
0.05 92.6 4.0 92.8 2.1 96.7 23
0.3 91.1 3.4 95.9 0.3 94.5 2.7
IRFFHLLIV
1.5 96.5 3.4 942 2.6 98.2 3.7

4 97.8 2.1 97.1 1.0 98.3 1.6
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" Sig=500 nm Sig=520 nm S 4
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1\ “2 % 1 2 3 Ih’ s ’ ./
| \ [ I f f\ o
_c_.l‘JL, P~ ‘C**AA"'V R | R A U -
10 et
N e n ~ N S
b-/ '.r_ —_— S — —b——.‘\-‘ R Y S —_— P ’_r‘\‘
J : \
0 PV M —
2 ) . sk 4|
2 3 I
| ; 1 3 ‘ -
@ 0 I 1'! 1I'| ;Nv N , '7 A ”w? i . ,'I )}‘ » /
& U — (N L U L WA | e AV
g 0t J
o —— - V| S ) W
oot N SR S
20 + i
! 2 35, 1 2 3
. ) A \
Le— f\‘(‘{_ — \,‘l YA L J\_J S "C“\‘“‘J‘__ NN oA J’ L — b\ —
10 | )
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