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119.8%DEILENE LN, KEFAFEREICEA T 2 HEThHL EE X LN,
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INTHE, BRAEAEREN 2D, BROZEMEDT-
D, WA DR ESNRINY 01 ) 722 3R 1 B
HEPREKTHD. MBS AR RA—Z VI~IVE UV
7 Ly RIZOME L OCEUGHEEZEICBW TR RN & L
TOERIFHFATENTOVRWIZHE b BT, FREA L
L OMREFFNENITEL S RE SN TR, ALY
BEEMEILEH S TWS., —F, KETHETENT
WHY h T ALy R201E0, fEESEPIL, #SETH
FERAPBEDO LN TVWRNWRA—=F U F L PG, A—F L
v RG, AANA LTSS, FA NN ALy N LD
ESMMEIEE AR b A bR SN ATREEN S D . £
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1. 3k
HilROEET, FUVY—, Tz L.

2. EESRORES

1) BHEM

A—# 1 (Sudanl, C.I 12055) , A—# 11 (SudanlII,
C.L 12140) (ZBAs by () ®WEHW-. 2A—F U1
(Sudan III, C.I. 26100) , A—4 IV (SudanIV, C.L
26105) , /< L v | (ParaRed, C.I. 12070) , A L XA
AL b (0il Violet, C.I. 26050) 1ZH A LR T3 (Kk)
ZHAW. v R 7 AL v K2 (Citrus Red 2, C.I. 12156)
A—H A1 PG (Sudan Orange G, C.I. 11920) &
Sigma-Aldrich#:# % H\ /=, 2—4%> L > KG (Sudan

Red G, C.I. 12150) , A A /LA 1L >SS (0Oil Orange SS,
C.1.12100) (IFlukath8% v 7z,

2) BERER

UG 2 2 10 mg PO IEMICR Y, FigTF /LI
BAELClomL (1,000 pg/mLAZRHERR) & L. ZhiaT
T b= UL TEMBERICAIRL, EERKRE L.

3) Z DDA

7 b= b UMFHPLCH, £ OO HilRFrkin
i LAY

4 VATV I—PY oY

Waterstl:# Sep-Pak Plus Silica 690 mg% -~ > 10 mL
Tarvsqva=r 7 Lt fni.

5) 74 NH—

Millex-LG, BE#813 mm, fL£%0.20 pm (Merck Millipore
) & .

3. B
HPLC : Agilent Technologiesfl:# 1260
B RAHTHEE « Agilent TechnologiestE5! 6430

4. RBRBEROFARY

1) 7—H

FUEHIS g2 HEICE Y, 0 W LIEMEIZ100
mL& L7z, 100 mLO43iK e — M2 Z OfR10 mLZ IEMEC
LV, ~FY AT E b= MY A30mLEMNZ, 555
WEOBFEL, TEM=NIABEESBR L. ~FH
JBl~F P fafnT7 & b= kU A30 mLZE Nz CREEDORE
E&EATV, 277 b= b U IVEZH40C TRIERMER ICE
FRETCEELEZ (CIT, &E) . HE®mc~F s
mLZE M CEML, VBTV —1bY v PICARTL
7o, ELIEAFH USmLTEREEY, ZOWkKE I—

¢ RO R 2T TE T o X — R LA R S RN I ZE R

169-0073 SR AUERHT A X H BT 3-24-1

b MR FUREBEREE L e v 4 — B LA W A SR
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Fig. 1. Chemical Structures of 10 Dyes

Table 1. SRM Parameters of Dyes

Quantitative ion

Qualitative ion

Precursor Ion

Analyte (m/z) Fragmentor (V) productIon  Collision Energy ProductIon  Collision Energy
(m/z) ™ (m/z) ™
Sudan Orange G 215 100 93 20 198 10
Para Red 294 100 156 10 128 30
Sudan I 249 100 93 30 128 20
Sudan Red G 279 100 123 10 108 30
Oil Orange SS 263 100 107 20 156 10
Citrus Red 2 309 100 153 10 138 30
Sudan II 277 100 121 30 106 40
Sudan IIT 353 100 77 30 92 40
Sudan IV 381 100 91 30 224 20
Oil Violet 380 100 183 10 115 40

MY PIZART LT, RNT2-7 a X ) —jbeF
(1:49) 3 mL % il S ¥ T DR & #Clzt%, [FEHRS mL T
EOR AR U, WHIRA WE S Sk, o &
=k UNSmLE EMECMA TEML, 7402 —%i@
L TR E L.

2) F—MWLS DR

AIED L7 30BHS g WL I EICEY, T =1
UA35mL, AKMEET U DU AI0gx2MATHRLT v
AIF VP —RLOFRY THIZMT2IEEL 5 L. 3,000

pm TSRO LI-%, T A= U ALEE AR
FANW LT, EIIETE h=MUA3SmLEMZ,
FERICIRE 5 L2#, T R=hNULBEILEDORAAT TR
aZEbYE, TEM=MIAEMATIOONLE LZ. 2
DA mLE EMECEY, EIE, KEY (A) lZ~F%5
USmLEMZ CEHEML, Y UBFVI— Y v DICAT
L72. EBIEAFHUSsmLTEREEY, ZOWwKED
— FU o VIZAR LT, IRWT, 2-7 /X)) —)L~Fi
2(1:49) 3 mL % il S TZE DR E T, FEIES mL
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THOBEEN Lz, WHRE B S ¥, REmicT
T h=hU A2 mLE EREICMATAEML, 74 NVE—%
WU CRBRAIR E L.

5. LC-MS/M St

M H 7 2 0 ACQUITY UPLC HSS PFP (2.1 mm i.d. X
100 mm, H7£%1.8 um, Watersthfl) |, BEMHE : Al ; 7k
F=hUJ, BiE; 0.1%FBRIK, 77V REMF: A
#% 50% (0 min) —85% (15min) —85% (20 min) —50%
(20.1min) , 74 Y7 T 4 v 7 &M (F—hihA—%
VIVOHTEE) 0 AB (58:42) , ¥R : 0.25 mL/min, 7
LB 30°C, JEAE : 1uL, HRIESEE :300°C, H AR
& 11 L/min, X7 7AW —H2 Ny (15psi) , A4
{LE—FR:ESI () , ¥¥ T Y —EE 4000V, 77

AR —BER R Vg VI RLXF— DK EOE O

EfEIXTable 11T /R L7=.

BREUEBE

1. Z¥rdefE ot

1) HPLC4 {4
AETEETEEOEHIA VIS EET 550 b
BB, BEEOSEEZE L CTWADPFPY 7 A% HWT
Bt & T o7, BEFIC OV TIE, BEENTREI T
ZHPLCS:M 2251, T b=k VU -0.1%F WK% H
WeT AT TT 4w 7 EETRFEIT o723, T
EOEE BIFICSEEST 5 - OIS0 RE O 2 Z L2

Oil Orange SS
|

Sudan Red G

Sudan Orange G Sudan I

o

Para Red
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b, BEERANRENA—=F VIVEORAE A VA F Ly b
DE—IIERPENLE., £22C, TEr=FU L
01%FBIEEE AN THEDOLREZE(LIEEL 7TV
Y NERE ORI R T o7, FORER, ERFIBEIRLES
STy FEETRIET 5 2 &1 & 0 10FE o bz Bk
20 N TRIFIZBET A Z &3 TE 72 (Fig. 2) .

2) MS/MSZ&{%

WAENCHE LR DT 4 72— FTHEERITo7-. %
7o, BEECOSNBRHIFRFTE 2RINEE=2Y v
(SRM) 12X WA TE 5 X 2 IC&MF okt z21T-
7. MSHIETT Z 7 A2 —EEA100~250 V DI TE
L&, Bo ALY MLOFD D RS R TR S %E
P ZBRIRLTT Y I—Y—A 4 & L. ZORE,
BAEEAEE BI00VTREEr— N EbN-. Eblzal
TVa TR F—E5~50 VAL E, MSMSIZL DT
QX hAF AR MLVERRL, TRrET MM A
DIRFNSRBEENEG DL DEZERA A, RITEEIN G
WHDEMERA AL L GEIR LT (Table 1) .

2. VIUAFNTI— Y vtk BRER

WHENCHE L, 10RO EIMNIEMES G Z B L7z
F U —=ALOMEERR & 2 A, MBS AN D
T b= MU VIZIEEE AR SN D Z E b oz,
Z T, ZOHEKEE AW TRERIEORB 21T o 7.

Oil Violet
Citrus Red 2
/ Sudan II
Sudan 111
Sudan IV

10

Retention time (min)

Fig. 2. Total Ion Chromatogram (TT

Operating conditions:

Column: ACQUITY UPLC HSS PFP (2.1 mm i.d. X 100 mm, 1.8 pm),

Mobile phase:

Flow rate: 0.25 mL/min,

A ; acetonitrile, B ; 0.1%formic acid,

Injection volume: 1 pL

C of SRM) of Standard 10 Dyes (0.2 pg/mL)

Column temperature: 30 °C

A 50%(0 min)—85%(15min)—85%(20min)—50%(20.1min)
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FEBRFIER LTI FEIC - CREL L2 (A) %
ANEY S mLICIEfRESE, YU AFAVE— R v VA
fiLice 25Ah, HREDBHRINRPSTZZ LD, I—
MY DI EF ORI SN TV D B LN,

WIT, WHEOME ZIT-72. WHETHO LR TN
WA = F L —F b-~FH 2 (1:9) 15 mLTEH
EITolzb A, A—=H U F L VGRY T ALy K2
REDEBENRE EN o, FITYVZFALT—T
L BRRERE, iR T R02-T %) — L bk
Pl ORRERBL, WHEREORF 21T o7, WHO
MY, WK AR SE721%, T2 b= b U MICRMEL
TR VR R DO AR 2 LC-MS/MS THIE L TFT» 7=

AEHIRICEFR = F -~ (1:9) 5 mLEHWEEE

10fE T X TOEABHIEL SN RhoTz. 2-FrsX ) —u
AFHF (1.9 ZHWEES, 4 mLTT R TOEEEDN
W, LaL, dHRTFICHESbEERLTnws 2 e
MNH, ILIIRHEIT T2 A, 2.7 1m0 —b-~F
P (1:49) ZHV, O3 mLIZE T, ROSmLEEH
T D2 L TMHOBELEZIA, POTXTOEEAEE
RHEEEDZENTET.

3. BEEIRDIHT

KE ORI OBEBERK Z AV, SRMICX 20 &1{T- 7=
LA, WTROEFEEES0.005 ug/mLOPEE TS/NEITT
PLESLN, +3ICRBNTIRETH > T,

4. = U o7 REIR
0.01, 0.025, 0.05, 0.1, 0.2 pg/mLO5H T, Hakf R

L= b I ZAREROEEE LI L. < Y v 7 AR
BRITERT, 7Y V—R, T—MERA, EBRFEICR
LB TEONET T v 7RG L. W
FHOMEEDLND~ U v 7 2B OV TLLT ORHtiE
1 % FAVCREA L 7259
<FTAMFEE>
~ MU w7 AR a=blc
b=~ hVU v/ ARBEROME, c=HxHRmEROME X

TP DRA—=Z UIVERLS ZRENOE AR O~ k
Vw7 ZRITA A N~ ER RN E T 50.8
~120FMICH % b7z (Table 2) 728, KA~ Y
v 7 ATV EPHERITE . Ko T, BAEREE
PR R RIS L D ERAY0.01~0.2 pg/mL O TRFET
HDHZENDbIPoTE.

TP DORA—=ZIVICBE L TIE, ~ FY v 7 2R
WEBA AN AR PR ENE. 22T, T
AT TT 4 v TEETTE M=k U -0.1%FRBIATK D
FERR LE 2 80 S & TR B SR 2 ME Lz, ke n
(60:40) DPAITIA TNV AR MBI
2, (58:42) X0 (55:45) OHEIELT —WHFA—F LIVD
<~ FU v 7 A Ha=099L 720, <~ N v ADEEESZ
T2 EREENTEDLEEZONE. £, T F=
kU IL-01%FBRIANTE (55:45) DA, A—F VIVOLEFF
RERIR040%0 &, DTSR 2 B9 570, A—F U1V
DRI 1265 TH 727 7 b= b U L-0.1%FBRIR
R (58:42) 27 —MHPA—Z L IVOERABIHELE T
ZEE LT

Table 2. Evaluation of Matrix Effects*

Li Chili pepper Chili sauce Chili oil

inear range Analyte

(ng/mL) P a # a 2 a
Sudan Orange G 0.999 0.95 0.999 0.96 0.999 0.95
Para Red 0.976 1.08 0.999 0.99 0.998 0.98
Sudan I 0.999 1.08 0.999 0.99 0.998 1.02
Sudan Red G 0.999 1.07 0.999 1.02 0.999 1.01

0.01-0.2 Oil Orange SS 0.999 1.07 0.999 1.05 0.995 1.16
Citrus Red 2 0.999 1.02 0.999 1.00 0.999 0.99
Sudan II 0.999 1.05 0.999 1.00 0.998 0.98
Sudan 111 0.999 1.07 0.999 0.99 0.990 0.95
Sudan IV 0.991 1.06 0.997 1.16 0.991 4.67
Oil Violet 0.998 1.05 0.998 1.05 0.980 1.02

*Evaluation of matrix effects comparing the ratio of slopes derived from the standard solution and matrix-matched

calibration curves derived five types peak areas in matrix-matched standards to solvent-based standard.

1’ : Correlation coefficient of matrix-matched calibration curve

a! Matrix effect=b/c,

Mean of three replications.

b: slope of matrix calibration curve, c: slope of absolute calibration curve
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Table 3. Results of Recovery Test

Chili pepper Chili sauce Chili oil
Analyte
Recovery (%) C.V.(%) Recovery (%)  C.V.(%) Recovery (%)  C.V.(%)
Sudan Orange G 68.1 2.0 78.6 1.9 66.8 0.7
Para Red 93.6 4.4 92.6 4.9 94.9 1.2
Sudan I 82.2 0.5 90.7 5.9 98.0 0.8
Sudan Red G 119.8 1.6 98.0 34 116.0 1.6
Oil Orange SS 105.8 1.7 100.4 23 105.8 1.0
Citrus Red 2 93.0 3.8 99.4 53 108.2 1.6
Sudan IT 84.1 5.1 88.2 1.8 100.4 2.7
Sudan III 79.8 5.5 81.5 2.8 89.1 2.2
Sudan IV 91.4 0.6 115.2 5.6 98.5 3.6
Oil Violet 86.3 0.8 91.4 8.0 95.7 4.6
spiked level : 1 pg/g (n=3)
5. R ~DEA LREFHEH0501007 5, BEAETDOA—F U AFKONRT L
R T M QA CEEGI D B o 7= R T d 5 i 11 v ROGRBRIEIC OV TEEA), TRISHESH 1A
i & W CHEINEIGER 21T > 72, 10FED IR ESMMEM & 5) Iwakoshi, K., Tahara, S., Uematsu, Y. et al.: J. of
EEIREEN TRV 2R LEETIROEYE T, FV Chromatogr.A, 1592, 64-70, 2019.
V=R, Z—IT, BEEEE T ILEIRHIE DR R 6) EBl T, KRIFEWEG, HAEE, . R dErHEs
D2ETH D1 pg/gi L, REEZHNTHIT LI E Z 5, 57, 150-154, 2016.

FTRCOEGEZSRMZ 0~ k75 AMIBWCHERET S
ZEMWTERL., F£72, Table 312 R L72 L 912, 66.8~
119.8% DAY (C.V.0.5~8.0%) MNEbhT-.

* L ®
LC-MS/MS% FW -z A—& /1 72 E10FEDOfR ESMMEETE
BORO—FSWEERN LiZ. AE2 AV TEEQE %
1 pglgiiM L= B ED L= L 25, 66.8~119.8%D
FINENE LI, BEBREICEITEIHETHDLEEL
bz,

X [
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Analysis of Nonpermitted Oil Soluble Dyes in Foods by LC-MS/MS

Akiko YASUI 2, Hitomi KYOKO ", Narue SAKAMAKI 2, Yuki SADAMASU 2, Keiko USHIYAMAZ®,
and Chigusa KOBAYASHI 2

There have been worldwide reports of food additives that are not permitted in Japan being detected in foods. The development of
analysis methods for the inspection of imported foods is essential to ensuring food safety.

Therefore, we developed a methodology for analyzing nonpermitted oil soluble dyes (Sudan I, Sudan II, Sudan III, Sudan IV, Para
Red, Citrus Red 2, Sudan Orange G, Sudan Red G, Oil Orange SS, and Oil Violet) in foods. The samples ware extracted with
acetonitrile, cleaned up using a silica gel column and analyzed by LC-MS/MS. The recoveries from food samples, fortified at the level
of 1 pg/g, were between 66.8% and 119.8%.

Keywords: Oil soluble dyes, LC-MS/MS, foods

2 Tokyo Metropolitan Institute of Public Health,
3-24-1, Hyakunin-cho, Shinjuku-ku, Tokyo 169-0073, Japan

b Tokyo Metropolitan Institute of Public Health, at the time when this work was carried out





