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Sample 5g
Anhydrous Na,SO, 10 g
Extract with solvent* 50 mL, 30 mL
Homogenize 1 min :|~ 2 times
Centrifuge 3,000 rpm, 5 min

Make up to 100 mL with extracting solvent (extracted solution)

4mL of the extracted solution

Evaporate to dryness

Dissolve in 5 mL of hexane
Sep-Pak Plus Silica cartridge (690 mg)
(Pre-washed with 10 mL of hexane)
5 mL of hexane

15 mL of diethyl ether-hexane (1:9)
All of the eluate

Evaporate to dryness

Dissolve in 2 mL of ethanol

Filtrate (0.45 pm)

HPLC

Fig. 1. Analytical Procedure of Sudan Dyes and Para Red
in Food Except Spicy Oil

*Extracting solvent : methanol, ethanol, isopropanol or acetone

Sample 5g

‘ Hexane
Make up to 100 mL (Sample solution)

|
10 mL of the sample solution

30 mL of methanol saturated with hexane )

Shake 5 min } 2 times
All of the methanol layer
Evaporate to dryness
Dissolve in 5 mL of hexane
Sep-Pak Plus Silica cartridge (690 mg)
(Pre-washed with 10 mL of hexane)
5 mL of hexane
15 mL of diethyl ether-hexane (1:9)
All of the eluate
Evaporate to dryness
Dissolve in 5 mL of ethanol
Filtrate (0.45 pm)

HPLC

Fig. 2. Analytical Procedure of Sudan Dyes and Para Red
in Spicy Oil (Liquid-liquid Distribution Cleanup)



Ho

WZAFH S mLEMZ, HE1ALEH1I0 mLO~NFH %
WBLTCarvyTava=y I x8iToy VATF AV E—1Y
» 3 (Sep-Pak Plus Silica 690 mg) (AR L7z, I HIT~
FHUS5mLTHFAT T Az, ZOWERKEERT— b
Uy DICARLE., Z20%, PoFLm—T )L« ~FH
¥ (1:9) 15 mLEHAWTFZT7 T 2azlkny, hikxh
— MUy VITAR L, BEBKEGDE. 40°CTHE
EAEL, EFRKQET CHESE%, EEwc2-7rN
J—NAS5mLE IEMIZINZ, 045 um®D 7 VX — % L T
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Sample 5 g

‘ Acetone-ethanol (1:1) or (2:3)
Make up to 100 mL (Sample solution)
‘ Keep at -20°C overnight
10 mL of the sample solution
Evaporate to dryness
Dissolve in 5 mL of hexane
Sep-Pak Plus Silica cartridge (690 mg)
(Pre-washed with 10 mL of hexane)
5 mL of hexane
15 mL of diethyl ether-hexane (1:9)
All of the eluate
Evaporate to dryness
Dissolve in 5 mL of isopropanol
Filtrate (0.45 pm)

HPLC

Fig. 3. Analytical Procedure of Sudan Dyes and Para Red
in Spicy Oil (Cleanup by solidification of oil at -20°C)
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Table 1. HPLC Conditions of Sudan Dyes and Para Red

& Z W ' £, 61,2010

Column Inertsil ODS-3*(4.6 mm i.d.x250 mm, 5 pm)
Mobile phase Methanol-water (49:1)

Flow rate 1.0 mL/min

Column temperature 40°C

Detector PDA (520 nm)

Injection volume 20 uL

*:GL science
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Fig. 4. Effect of HPLC Column on HPLC Chromatograms
of Sudan I ~IV and Para Red
Concentration of dyes : 1 pg/mL
HPLC column : Cosmosil 5C18-AR-II (A), L-column ODS
(B), Inertsil ODS-3 (C) (4.6 mm i.d.x250 mm, 5 pm)
Mobile phase : acetonitrile-water (95:5), other HPLC
conditions were same as Table 1.
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Fig. 5. Effect of Mobile Phase on HPLC Chromatograms

of Sudan I ~1IV and Para Red

Concentration of dyes : 1 pg/mL

Mobile phase : methanol (A), methanol-ethanol (9:1) (B),
methanol-isopropanol (9:1) (C), methanol-water (49:1) (D),
other HPLC conditions were same as Table 1.
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Fig. 6. Effect of HPLC Column on HPLC Chromatograms
of Sudan I ~1IV and Para Red
Concentration of dyes : 1 pg/mL
HPLC column : Cosmosil 5C18-AR-II (A), L-column ODS
(B), Inertsil ODS-3 (C) (4.6 mm i.d.x250 mm, 5 pm)
HPLC conditions were same as Table 1.
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Fig. 7.  PDA Spectra of Sudan I ~IV and Para Red

Concentration of dyes : 1 pg/mL

Mobile phase : methanol-water (49:1) (developed method),
asetonitrile-water (95:5) (notified method),

other HPLC conditions were same as Table 1.
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Table 2. Recoveries of Sudan Dyes and Para Red Spiked to Various Foods

Acetone Isopropanol Ethanol Methanol Acetonitrile*

Recoveries CV  Recoveries CV  Recoveries CV  Recoveries CV  Recoveries CV

Para Red 92.9 4.7 92.1 4.4 94.4 5.2 75.8 9.8 91.4 43

Curry Sudan 1 93.4 0.8 92.7 43 93.1 3.8 80.3 6.7 96.7 1.3

roux Sudan I 91.8 2.1 92.7 32 89.6 4.6 80.1 5.4 93.8 2.8

Sudan IIT 96.7 0.7 89.4 4.9 94.2 2.3 80.1 6.9 94.5 0.6

Sudan IV 96.6 1.3 89.6 4.1 90.2 1.7 79.7 8.4 93.2 1.8

Para Red 96.2 0.2 89.1 3.4 96.0 1.6 70.4 9.8 93.9 3.2

. Sudan I 95.4 1.7 91.1 2.2 97.1 1.0 72.1 6.8 94.5 0.5
Tandoori

paste Sudan I 93.3 1.2 90.3 2.6 91.2 5.1 71.2 7.7 91.3 0.6

Sudan IIT 98.3 2.0 91.3 1.4 98.1 1.3 67.7 6.4 94.0 1.2

Sudan IV 97.8 1.3 91.8 2.1 96.2 2.2 60.5 5.5 90.7 1.2

Para Red 78.8 5.8 77.1 7.5 71.1 5.4 22.0 12.5 82.1 4.7

Chili Sudan I 78.3 5.5 81.3 52 73.0 52 24.7 5.1 84.5 0.2

sauce Sudan I 78.7 52 83.0 33 75.7 8.4 27.8 9.2 84.7 1.7

Sudan 111 81.8 5.4 81.8 6.0 76.9 6.4 28.6 14.2 84.7 2.7

Sudan IV 81.7 6.6 81.6 4.6 81.2 3.4 314 12.4 84.8 1.8

Para Red 91.6 2.1 82.5 2.5 87.1 1.8 68.5 3.1 91.8 2.1

Paprika Sudan I 92.1 52 86.6 3.0 87.8 3.0 75.9 43 90.5 2.2

powder Sudan 11 90.3 2.5 87.6 2.1 86.8 3.3 76.6 0.9 88.4 2.5

Sudan 111 97.1 2.3 87.4 1.0 89.3 2.4 78.5 2.8 93.5 2.9

Sudan IV 91.3 3.3 86.3 4.6 86.4 1.5 71.4 2.8 88.8 1.7

Para Red 88.5 1.6 92.6 4.4 87.5 3.1 84.4 4.0 95.9 2.4

Potato Sudan I 90.7 2.4 94.9 3.5 91.7 1.7 82.6 1.3 94.7 2.5

chips Sudan 11 88.3 1.6 95.4 3.5 90.6 4.1 74.2 1.7 91.6 3.0

Sudan 111 86.5 24 94.9 2.6 89.7 1.2 61.4 1.7 84.7 7.8

Sudan IV 84.6 0.4 95.5 2.9 85.6 4.8 46.9 4.2 75.5 2.9

Para Red 92.9 32 86.7 4.5 82.6 2.1 80.9 4.2 96.1 39

Fried Sudan I 95.4 2.0 85.7 4.6 83.4 3.4 86.6 2.8 96.4 1.5

chicken Sudan 11 94.8 14 83.4 4.3 81.4 2.8 82.9 2.3 95.2 0.6

Sudan IIT 96.9 5.0 87.4 7.8 76.8 5.7 72.0 4.0 91.3 6.8

Sudan IV 97.6 3.2 85.1 5.2 76.3 6.4 60.3 33 87.9 3.9

Para Red 78.4 8.3 80.4 3.2 78.2 5.8 78.4 4.9 90.0 1.3

Korean Sudan I 81.0 4.8 84.5 29 82.7 4.2 87.1 2.9 92.7 1.8

pickeles Sudan 11 80.8 44 84.9 0.4 81.9 39 89.6 0.3 91.2 3.1

Sudan IIT 86.1 4.3 86.6 1.9 81.7 6.9 87.2 4.1 91.9 0.4

Sudan IV 88.2 3.9 87.4 2.0 82.7 7.5 85.6 1.3 93.5 0.9

*:notified method, spiked level:5 pg/g (%, n=3)
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Fig. 8. HPLC Chromatograms of Sudan Dyes and Para Red

Spiked to Curry Roux

Extracting solvent : methanol (A), ethanol (B),
2-propanol (C), acetone (D), acetonitrile (E),

mix standard solution :0.5 pg/mL (F), Spiked level : 5 pg/g

Abs. (mAU)
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HPLC Chromatograms of Sudan Dyes and Para Red
Spiked to Chili Sauce

Extracting solvent : methanol (A), ethanol (B),
2-propanol (C), acetone (D), acetonitrile (E),

mix standard solution : 0.5 ug/mL (F), Spiked level : 5 pg/g

Abs. (mAU)

I T N m

Fig. 10.
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HPLC Chromatograms of Sudan Dyes and Para Red
Spiked to Chili Powder

Extracting solvent : methanol (A), ethanol (B),
2-propanol (C), acetone (D), acetonitrile (E),

mix standard solution :0.5 pg/mL (F), Spiked level : 5 pg/g
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Table 3. Recoveries of Sudan Dyes and Para Red Spiked to Spicy Oil

Solidification at -20°C

Cleanup Liquid-liquid

procedure distribution Acetone-ethanol Acetone-ethanol Notified method
(1:1) (2:3)

Recoveries CV Recoveries CV Recoveries CV Recoveries CV
Para Red 80.4 1.9 70.3 72.1 2.3 92.8 35
Sudan | 80.6 1.8 79.0 80.0 0.8 95.4 2.0
Sudan 11 78.2 7.1 77.4 77.7 0.1 93.5 7.3
Sudan 111 65.4 1.4 59.4 60.3 0.9 93.8 0.5
Sudan IV 57.5 4.0 55.5 57.6 0.7 90.2 2.0

(%, n=3)
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Fig. 11. HPLC Chromatograms of Sudan Dyes and Para Red
Spiked to Spicy Oil obtained by various cleanup procedure

Liquid-liquid distribution (A), Solidification at -20°C :
acetone-ethanol (2:3) (B), acetone-ethanol (1:1) (C),
Notified method (D), mix standard solution : 0.5 pg/mL (E)
Spiked level : 5 pg/g
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An Alternative for the Notified Method of Sudan Dyes and Para Red Analysis in Food by Eliminating Acetonitrile Use

Tetsuya SHINDO', Yuki SADAMASU", Keiko SUZUKI", Yasukazu TANAKA", Tomoko TAKAKUWA”,
Mitsuo NAKAZATO" and Yoko UEMATSU"

A high-performance liquid chromatography (HPLC) method for analysis of 4 Sudan dyes and Para Red dye was developed,
focusing on the substitution of acetonitrile with other organic solvents.

Acetonitrile is a mobile phase component of HPLC and is used as an extraction solvent in the notified method. Mutual
separation of dyes within 20 min was achieved with methanol-water (49:1) as an alternative HPLC mobile phase. Use of acetone,
2-propanol, or ethanol as an extraction solvent for foods, excluding spicy oil, can substitute for acetonitrile as shown by greater
than 80% recovery of spiked dyes. Dye quantitation limits is 0.5 pg/g from foods and 0.05 pg/mL from the HPLC test solution,
both of which were the same as indicated in the notified method. A liquid-liquid extraction procedure using hexane-acetonitrile is
specified in the notified method for cleanup of spicy oil. Substitution of acetonitrile with a different organic solvent or removing

oil by solidification at low temperature was not successful, as shown by the low recovery (below 60%) of Sudan III and IV.

Keywords: acetonitrile shortage, food, Sudan dye, Para Red, non-permitted food additives, notified method, extracting solvent,

liquid-liquid distribution processing, HPLC
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