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Fig. 1. TLC by Cooling with Iced Water

1: Pre-conditioning of the plate in the chamber

2: Development of the compounds
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Fig. 2. TLC with Various Developing Conditions:
(A) Room temperature (RT), (B) RT (after pre-conditioning), (C) Heated in the water bath (at 40°C, after pre-conditioning),

(D) Cooled in the refrigerator (after pre-conditioning) and (E) Cooled with iced water (after pre-conditioning)
Std: standards of R2, R102, Y5 and R106; QC: quality control (extract of syrup added R2 and R102)

(A-D) Developing solvent: methanol-acetonitrile-5% aqueous sodium sulfate solution (3:3:10)

(E) Developing solvent: methanol-acetonitrile-2% aqueous sodium sulfate solution (3:3:10)
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Fig. 3. TLC of Standard Substances of 12 Permitted Coloring Agents Developed at RT (A) and
Developed by Cooling with Iced Water (B)
(A) Developing solvent: methanol-acetonitrile-5% aqueous sodium sulfate solution (3:3:10)

(B) Developing solvent: methanol-acetonitrile-2% aqueous sodium sulfate solution (3:3:10)

Table 1. Rf Values of Standard Permitted Coloring Agents Developed at RT and by Cooling with Iced Water

Rfvalue )
Dyes n'! Rfratio™
RT* Iced water™
R2 3 0.86 0.77 0.90
R3 3 0.00 0.00
R40 3 0.42 0.38 0.90
R102 3 0.60 0.60 1.00
R104 3 0.00 0.00
R105 3 0.00 0.00
R106 3 0.04 0.02 0.50
Y4 3 0.92 0.84 0.91
Y5 3 0.53 0.50 0.94
G3 3 0.18 0.11 0.61
Bl 3 0.16 0.10 0.63
B2 3 0.69 0.66 0.96

*1: Total numbers of samples

*2: TLC developed at RT (developing solvent: methanol-acetonitrile-5% aqueous sodium sulfate solution (3:3:10))

*3: TLC developed by cooling with iced water (developing solvent: methanol-acetonitrile-2% aqueous sodium
sulfate solution (3:3:10))

*4: Rf ratio: Rf value of the food colors developed by cooling with iced water / Rf value of the food colors developed
at RT
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Fig. 4. TLC Chromatogram of Non-Permitted Coloring Agents Developed at RT (A) and Developed by Cooling with Iced Water (B)
(A) Developing solvent: methanol-acetonitrile-5% aqueous sodium sulfate solution (3:3:10)
(B) Developing solvent: methanol-acetonitrile-2% aqueous sodium sulfate sodium sulfate solution (3:3:10)
a) Azo Rubine, b) Fast Red E, ¢) Ponceau 6R, d) Ponceau R, €) Ponceau 3R, f) Scarlet GN, g) Naphthol Yellow S,
h) Quinoline Yellow, i) Orange G, j) Green S, k) Light Green SF, 1) Brilliant Black BN

Table 2. Rf 'Values of Non-Permitted Coloring Agents Developed at RT and Developed by Cooling with Iced Water

Rf'value

Dyes ! RT"! Iced water™ Rf ratio
Azo Rubine 3 0.20 0.16 0.80
Fast Red E 3 0.27 0.24 0.89
Ponceau 6R 3 0.94 0.95 1.01
Ponceau R 3 0.22 0.21 0.95
Ponceau 3R 3 0.15 0.13 0.87
Scarlet GN 3 0.28 0.29 1.04
Naphthol Yellow S 3 0.43 0.45 1.05
Quinoline Yellow™ 3 0.58 0.62 1.07
Orange G 3 0.45 0.44 0.98
Green S™ 3 0.21 0.19 0.90
Light Green SF 3 0.19 0.18 0.95
Brilliant Black BN 3 0.55 0.54 0.98

*1: Developing solvent: methanol-acetonitrile-5% aqueous sodium sulfate solution (3:3:10)
*2: Developing solvent: methanol-acetonitrile-2% aqueous sodium sulfate solution (3:3:10)

*3: Rf value of the dominant spot
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Table 3. Rf Ratio of Extracted Coloring Agents from Commercial Foods to Standard Coloring Agents

Developed at RT and Developed by Cooling with Iced Water

RT"! Iced water™
Food Dyes — -
Rfratio™ Ave. CV(%) Rf ratio Ave. CV(%)
R2 1 N.D* 0.99
R106 1 0.80 1.00
Soft drink .
Y4 3(2)* 1.00, 1.00 1.00 0.98-1.02 1.00 2.0
B1 3 0.93-1.00 0.98 2.8 1.00 1.00 0.0
R102 7 0.97-1.03 1.00 2.0 0.95-1.05 0.98 35
R106 3 1.00 1.00 0.0 1.00 1.00 0.0
Salty foods
Y4 6 1.00-1.02 1.02 0.8 0.98-1.02 1.00 1.6
BI 1 1.07 1.00
R102 1 0.98 0.92
Protein rich foods
Y5 2 1.02, 1.09 1.06 0.96, 1.04 1.00
R40 1 1.05 1.13
R102 1 1.00 1.00
Others Y4 2 1.02, 1.02 1.02 1.01, 1.01 1.01
Y5 1 1.00 0.98
B1 2 0.93, 1.00 0.97 1.00, 1.00 1.00

*1: Developing solvent: methanol-acetonitrile-5% aqueous sodium sulfate solution (3:3:10)

*2: Developing solvent: methanol-acetonitrile-2% aqueous sodium sulfate solution (3:3:10)

*3: Rfratio: Rf value of the coloring agent extracted from commercial foods / Rf value of the standard coloring agent

*4: Unable to measure the Rf values because of the overlapping of spots (Y4 and R2)
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Thin-Layer Chromatography of Coloring Agents in Food Developed Using the Iced Water Cooling Method
Hitomi KYOKO?, Asamoe OGAWA?, Yuki SADAMASU?, Narue SAKAMAKI?, Tetsuya SHINDO? and Yoko UEMATSU?

Thin-layer chromatography (TLC) is used for the analysis of coloring agents in food. The spot shape of some coloring agents with
high Rf values on reversed phase TLC, for example Y4 (tartrazine) and R2 (amaranth), was found to be distorted sometimes. This
happened, when working with a solid phase layer coated on an aluminum sheet, and made spot identification difficult. Equilibration of
the developing solvent between the vapor phase in the developing chamber and the solid phase on the plate prior to the development,
and development by cooling with iced-water led to improvements in spot shape and retention behavior. This made identification of the
coloring agent possible. The concentration of sodium sulfate in the conventional developing solvent was reduced from 5% to 2%,
because sodium sulfate precipitated on the plate due to the low temperature. The developing solvent used was a mixture of methanol,
acetonitrile and 2% aqueous sodium sulfate (3:3:10).

The separation and variation in Rf values for 12 permitted coloring agents and 12 non-permitted coloring agents using the new
method were equal or better compared to the conventional method. The method was applied with good results to some permitted

coloring agents extracted from commercial foods.

Keywords: thin-layer chromatography, aluminum sheet, reversed-phase TLC plate, coloring agent

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