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Method Validation of Sudan Dyes, Para Red and Rhodamine B chloride in
Egg Yolk by LC-MS/MS

Wiphada Sirisomphobchai  Sarawut Chookrachun = Sujittra Yoswantha Panida Klaiklang

ABSTRACT

A method for analysis of seven Sudan dyes (Sudan I-IV, Sudan Orange G, Sudan
Red 7B and Sudan Yellow), Para red and Rhodamine B chloride in egg yolk was developed
by LC-MS/MS (Triple Quadrupole). The seven Sudan dyes, Para red and Rhodamine B

chloride in egg yolk were extracted with acetonitrile : ethyl acetate (1:1). Impurities were

precipitated from the sample extract by adding water. Kept refrigerated at -20°C for 20
min. The sample extract was centrifuged and the supernatant was evaporated to
dryness using a nitrogen evaporator. The residue was reconstituted in the mixture of
0.1% formic acid in H,O : 0.1% formic in acetonitrile (8:2). The HPLC separation was
performed on a C18 column with gradient elution of 0.1% formic acid in water and 0.1%
formic acid in acetonitrile (8:2) as the mobile phase. The triple quadrupole mass
spectrometer (MS/MS) technique was used to confirm and quantify analytes using mass
per charge (m/z) in electrospray positive ionization mode (ESI+). The recoveries of nine
dyes in spiked sample at 100 Lg/kg were in the range from 92.03% to 108.43%.
Linearity efareund-5-erders of the matrix match standard solution was obtained with
coefficient of determination (Rz) ranging from 0.9924 to 0.9995. Limit of Detection (LOD)
of Rhodamine B and other analytes were 8 and 2 ug/kg, and Limit of Quantitation (LOQ)

of Rhodamine B and other analytes were 25 and 10 pg/kg, respectively.

Keywords : Sudan Dyes Para Red Rhodamine B chloride LC-MS/MS Method Validation Egg Yolk
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4.1 gilnsnl
4 o = o A
- IATANTNANHNAZLREA 0.001 NI - LATANTIULRENANAZNAL
- LAaa4 Vortex mixer - 1A324 Ultrasonic bath

- ailnsnianiBunnsansazanalaanisifaeinglulnsian (N-Evap)
389 LC-MS/MS (Triple Quadrupole) &i%a Thermo Scientific Usznaudng LC ol
Ultimate 3000 waz Mass spectrometric detector §3 TSQ Endura
- LC column 7im Accucore Phenyl-Hexyl 2.6 um, 3x50 mm.
- vaeatuwieuariinfinuentBunns auna 15 aaans
- vaeatiuwisaanainaindauaniBunns aune 15 Jaaans
- Autosampler vial 1UNA 2 NARART
4.2 417LAN
- Acetonitrile (AR lay HPLC grade) ethyl acetate (PR grade) formic acid (AR grade)
4.3 @NTUMIFIU

Para Red @@ Dr.Enhrenstorfer Cat No. C15875000 A2N134%5 98.6%

Rhodamine B chloride 8@ Dr.Ehrenstorfer Cat No. C16813550 AYMN1IZ4YIS 98.6%

4

Sudan | &i%fa Dr.Ehrenstorfer Cat No. C16986101 A21N134¥15 99.0%

Sudan Il fi%a Dr.Ehrenstorfer Cat No. C16986102 AAN134¥15 99.6%

Sudan Il &i4ia Dr.Ehrenstorfer Cat No. C16986103 AY1N13415 98.0%

¥

Sudan IV &8 Dr.Ehrenstorfer Cat No. C16986104 A3N134N5 98.9%

Sudan Orange G ¥ Dr.Ehrenstorfer Cat No. C16986115 A3N1154715 98.6%

sudan Red 7B & Dr.Ehrenstorfer Cat No. C16986120 A3N134NS 97.0%

Sudan Yellow &i@ Dr.Ehrenstorfer Cat No. C16986150 A9N1IT4715 98.5%
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- Sudan | D5 &%a Dr.Ehrenstorfer Cat No. C16986105 AANLIagNE 96.0%
- Sudan IV D6 éﬁﬂ Dr.Ehrenstorfer Cat No. C16986108 mm‘]ﬁqﬁaﬁf 95.5%
Sowfenliduasazaenasgufifiarudaiu 200 pg/mL
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TsARNAZNaUEIEAI1N13Y 10,000 TALAIUAT U 5 UNT ﬁ@muqﬁ -9 °C A
ansazanedunulissiveiiies N-Evap Tnegruuniaed water bath 13iin 50°C an
Bupsliuaedseanns 1 Jaaans waalsuiBuinniu 1 Radans #ae 0.1% formic acid
in H,0 : 0.1% formic in acetonitrile tldamadariinuaz Runnansfnaiases LC-MSIMS
4.5 NNIATINFUANILTAMUNZANTDILAFDY LC-MS/MS
mm@@uﬂi“w%qﬁmmawhm V0UAIEY LC-MSMS  deliur shannaslva
gp9dnsazaneNalAAauT  sRsdaulunnInaNansazanaNaIAAauT ion  transfer
temperature, vaporizer temperature wazAnelnWinaa3 collision cell Jun1snsaadnansliia
%aﬁmmmmLmﬂﬁﬁmm@:ﬁwm@mﬂm (miz) TedusnzansAAnm1H
4.6 NagaUANLTAUANT0INTINNINIZIU (Linearity)
m39a9m matrix matched standard solution 5 ANEiNdL A 10, 50, 100, 150
wag 200 ng/mL Imafians rhodamine B chloride, sudan orange G, para red, sudan yellow
waz sudan | 14@19 sudan | D5 {4 internal standard @31@13 sudan Il, sudan lll, sudan
IV a2 sudan Red 7B 14413 sudan IV D6 Lilu internal standard m”'a“Nﬂi’Mmmﬁ’m
FrunnnAndutlssAnireanisindula (R%) inausinnseansulutiasndn 0.990
4.7 NN19MARBLIAINTATBINITATIANL (Limit of Detection, LOD) LaLlAANAA284n1T

Tama3H10L (Limit of Quantitation, LOQ)



nAdau spiked sample blank ARUINMa131HAUAAZATWINAL 10 ug/kg
AU 10 FAasi W lURTIATANIL BN AN AAELETaY LC-MS/MS AN1anden LOD = 3 x

S, WaTA LOQ = 10x S/,

5. HANISNARDY
5.1 ANNMENMNIZANLB9LATES LC-MS/MS (Triple Quadrupole)

ANNNIIATIAAAL ANNITDUNANILAUHNILANIRLATA LA

- AN9ZUBIAU LC

Injection volume 210 pL
Flow rate : 0.3 mL/min
Mobile phase A - 0.1% formic acid in H,0O
B : 0.1% formic in acetonitrile
Gradient : Time %A %B
00.00 80 20
00.50 80 20
08.00 0 100
12.00 0 100
13.00 80 20
15.00 80 20
- 4N19¥1A9EIU Mass Spectrometer
lon Source: H-ESI (+) Positive voltage: 3500 V
Sheath gas: 40 Arb Auxiliary gas: 12 Arb
Sweep gas: 1 Arb lon transfer temp. : 333 °C

Vaporizer temp. :317 °C

Tl ANANITAIIRARLAT MS/MS transition 189819 HANNINNTIATIZN AIANTINN 1 LAY

TasunTnunsuAsgL 1



AN5199N 1 A1 MS/MS transition Aa4#15 LAANYINNNSILASIZI

RT Quantification Confirmation Confirmation
Analyte

(min) transition (CE; V) | transition 1 (CE; V) | transition 2 (CE; V)
5.74 | Rhodamine B 443.2>399.2 (40) | 443.2>355.1 (55) 443.2>413.2 (37)
6.04 | Sudan Orange G| 215.1>198 (11) 215.1>93.2 (22) 215.1>122 (14)
7.16 | Para Red 294.3>277.1 (11) | 294.3>128.1 (24) | 294.3>156 (14)
7.23 | Sudan Yellow 226.1>77.2 (20) | 226.1>120.1 (28) | 226.1>121.1 (18)
7.40 | Sudan | D5 254.1>237.1(10) - -

7.43 | Sudan | 249.1>232 (10) 249.1>93.1 (21) 249.1>156.1 (12)
8.03 | Sudan Il 277.2>121.2(16) | 277.2>156.1 (10) | 277.2>260.1 (10)
8.49 | Sudan Il 353.2>197.1 (15) | 353.2>156.1 (18) | 353.2>196 (19)
9.01 | Sudan IV D6 387.2>225 (12) - -

9.04 | Sudan IV 381.2>224.1(18) | 381.2>91.2 (25) 381.2>209.1 (25)
9.18 | Sudan Red 7B | 380.2>183 (10) 380.2>142.1 (24) | 380.2>169.1 (22)




RT: 481-822 S 156 RT: 491-754 SN:96 R 5.66-8.66 SM: 156
RT:ST N 297E4 RT:604 NL: 33084 RT:716 NL 5553
A 401561 Base Peak miz= 398 7039970 F: AR 304607 Base Peak miz= RI0BI0F: + AN BLLTE Base Peak miz= 276.60-277 §0F:
AH: 29682 +CESI SRM ms2 443,200 AR 32812 CESISRM ms2 215.100 AH. 5514 +CESI SRM ms2 294300
I S48 [355.009-355.101, 10~ SN:563 [93.199-93.201, 121.998-122.001, 1 SN:218 [128098-128.101,
UJ-‘ 300.199:399.01, 413199413.201] 17.999-198.001] NS [CIS 155,99-156.001, 277.099-217.101)
o MS ICIS MATRIX200ppb-01 o MATRIX200ppb-01 9 NS ICIS MATRIX200ppb-01
i 8 8
T TH ™
. X 6H 6+
Rhodamine B Chloride Sudan Orange G
B kg Para Red
iH Lt
3H Kl
il 2
1 1H gl
611 652 677 480
RARRARAARARAR R AR RN R RN AR UL L L e T T T L T I T T
50 55 60 65 0 5 80 50 55 60 65 0 60 65 0 75 80 85
Time (min) Time (min) Time (min)
IRT:5.73-8.73 SM. 96 RT: 590-890 SM: 96 RT: 5.93-8.93 SM: 96
RT3 N 28565 RT:740 NL: 15884 RT:743 N 366E4
A 2165129 Base Peakmiz= T610-TT.10F: + AA 123083 Base Peak miz= 236.60-237 60 F: AN 265968 Base Peak miz= 231 50-232.50F:
AH 284663 CESI SRMms2.226.100 AH: 15734 +CESISRM ms2 254,100 AH: 36559 +CESI SRM ms2 249.100
e SN: 10521 [77.198-77.201, 120099-120.101, 100 SN: 889 98.199-98.201, 156.099-156.101, 100 SN 2107 [93.099:93.101, 156.099-196.101,
120.086-120.101) S ICIS 237.098-237.101) NS ICIS 231,998-232.001] MS ICIS
Py MATRIX00pob 1 o MATRIX200pob-01 a MATRIXZ00pg01
BH 8 8H
3 ™ N
i Sudan Yell o Sudan | D5 0 Sudan |
N udan Yellow o kS
i i ]
3H 3 3H
H 2 il
1+ g} 1H
67: 79 825 0 83 678 19 8%
T T T P T T T T T T T T T TR T T T REARAREEEE AR Ry
60 6. 0 80 60 65 0 15 80 85
Time (min) Time (min) Time (min)
IRT: 653953 SM. 96 RT: 6.99-999 SM: 156 RT: 751- 1051 SM: 116
RT:803 N 2694 RT:849 AL 158E3 RT:901 NL5.1264
A 175799 Base Peak mlz= 2070-12L 70F: AL 14503 Base Peak miz= 196.60-197.60 F: A 340084 TICF: +CESI SRMms2
AH: 26401 +CESI SRM ms2277.200 AR 1565 +CESI SRMms2 353200 AH: 50961 387.200 [106.099-106.101,
" Si: 1356 120198120201, 100 SN.173 [156.099-156.101, 100 SN: 3531 208.999-209.001,
156,099-156.101, 260.099-260.101) 195,999-196.001, 167.099-197.101) 224.999-225,001] NS ICIS
Py S 1CIS MATRIXZ0ppb-0L a0 S 1C1S MATRIX200pg01 a MATRIXZ00pp 1
BH 8 8H
3 ™ N
& Sudan I & & Sudan IV D6
Sudan Il
5H 50 5H
i i ]
3H 3 3H
H 2 il
1+ g} 1H
787 814 831 863 004
3 R RRE R EEE N R AR R e R R RRE SR
1 80 85 90 5 80 85 80 95 100 105
Time (min) Time (min) Time (min)
IRT: 7541054 SM: 156 R: 7.68- 1068 SM. 156
RT:004 NL 188E3 RT:9.18 N L14ES
A 17660 Base Peak miz= A 993464 Base Peak miz= 18250-183 50 F:
AH: 1869 2360-2460F: + CESI SRM AH: 113851 +CES| SRM ms2 380.200
. SN: 166 ms2 381200 e SN: 4909 [142009-142.01,
[224.009-224.101, 169.099-169.101, 182.999-183.001]
9 25199225.201] MS 01 H MS ICIS MATRIX200ppt-01
MATRIX200ppb-01
8H 8
™ ™
H sud v 60H
uaan
i 5 Sudan Red 7B
N )
i I
bl o 2
1+
i 862
80 85 90 95 00 108
Time (min) Time (min)
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5.2 mfmLﬂuLéﬁummmm’]Wmmgm (Linearity)
AINNI9AIIATA matrix matched standard solution mﬂﬂ@ﬁﬁ‘mmﬂﬁu 5 AN

dindu Ae 10, 50, 100, 150 WAz 200 ng/mL wazasanaWiEumselinsWEunsaiia R°

v
v o KR A

NINNTT 0.990 B 0.9924-0.9995 NNANT AIZLN 2 AR A MmN zan Tun9 1Ty

4
naNIAIFIY
Rhodamine_E 433.2>399.2 Sudan_Or 15.1>198 Para_F 2111
Y =0.0934191+0.01 =0.9937 W: Equal Y =0.0358557+0.01 20,9941 W: Equal Y =0.024004+0.002 =0.9995 W: Equal
; 50 :
35 257 057
0 i ]
255 207 04
205 151 03]
107 ] ]
05; 0,5E 01;
0-07\\\\‘\\\\‘\\\\‘\\\\‘\\ 0-07\\\\‘\\\\‘\\\\‘\\\\‘\\ 0-07\\\\‘\\\\‘\\\\‘\\\\‘\\
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
ng/ml
Sudan_ A1>772 Suda »232 Sudan 1212
Y =0.570412+0.09 0.9929 W: Equal Y =0.00812282+0.0: =0.9978 W: Equal Y =0.0696451+0.00¢ =0.9924 W: Equal
20 259 ]
] ] 15
15 207 ]
154 104
104 ] ]
] 104 b
] [ ] + ]
B 0.5
5 ] ]
1 057 1 .
07\\\\\\\\\\\\\\\\\\\\\\ 007\\\\\\\\\\\\\\\\\\\\\\ [0 o e e e e LA e e
100 150 200 0 100 150 200 0 50 100 150 200
Sudan 197.1 Sudan. 224.1 Sudan_F 0.2>183
Y =0.0168343+0.000 =0.9939 W: Equal Y =0.00593718+0.00 =0.9968 W:Equal Y = 0.126837+0.04¢ 0.9947 W: Equal
0,14 ] 107
012 0.15 8]
0.10 ] ]
1 1 6]
0.087 010 1
0,065 ] +
0.04] 0.05-] ]
1 1 2]
0,027 ] 1
0-007\\\\\\\\\\\\\\\\\\\\\\ L0200 e e N 07\\\\\\\\\\\\\\\\\\\\\\
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200

gﬂﬁ 2 N9 INLAURASIURY matrix matched standard solution



5.3 ﬂ'ﬁmmL?ﬂim?ﬂ]uﬁflmﬁmmq@amwwui’m’ (Limit of Detection; LOD) wazAaHLdindn
ﬁimmﬁmﬁmmmﬁmmﬁ (Limit of Quantitation; LOQ)

ANNIMAGaL spiked sample TANEIHALAAZANTIYINTL 10 Hg/kg AU

10 F92N9 AMWINLAT LOD (3 x S’y ) Az LOQ (10 x S, ) 18 2 ez 10 ug/kg suasw T

YNA19 aNiuA1s Rhodamine B @HAN LOD waz LOQ Wil 8 uaz 25 ug/kg ANNANGL
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AINN1INAGALAINN M LA UDIRBIATITTAINMINIGTIRS  EURACHEM  (2014)
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pnaAuTuNans aniiuans Rhodamine B @9dAN LOD way LOQ Winril 8 waz 25 pgrkg
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