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To develop a method for separation process using Sep-pak C,;, simultaneous and systematic analysis of 8 per-
mitted and 11 non-permitted synthetic food colors in Korea, optimization of analysis conditions for reverse phase
ion-pair high performance liquid chromatography was carried out. For the best result of Sep-pak C,; separation
the pH of color standard mixture solution was 5~6 and 0.1% HCl-methanol solution were set as eluent. The col-
ors eluated from Sep-pak C,; cartridge were determined and confirmed by high performance liquid chromatog-
raphy with a photodiode array detector at 420 nm for yellow colors type, at 520 nm for red colors type, at 600
nm for blue and green colors type and at 254 nm for mixed colors. Conditions for HPLC analysis were as fol-
lows: column, Symmetry C,; (5 m, 3.9 mm i.d.X150 mm); mobile phase, 0.025 M ammonium acetate (containing
0.01 M tetrabutylammonium bromide) : acetonitrile : methanol (65 :25:10) and 0.025 M ammonium acetate
(containing 0.01 M tetrabutylammonium bromide) : acetonitrile : methanol (40 : 50 : 10); flow rate, 1 mL/min. It
takes 35 minutes for simultaneaus analysis and 18 minutes for systematic analysis. The detection limits range of

each colors were 0.01~0.05 pg/g.

Key words : ion-pair HPLC, synthetic food colors, systematic analysis, simultaneous analysis
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Table 1. Synthetic food colors used to set up the simultaneous and systematic HPLC analysis

Permitted”

Non-permitted”

Food Red No. 2 (Amaranth, R2)

Food Red No. 3 (Erythrosine, R3)

Food Red No. 40 (Allura Red, R40)

Food Blue No. 1 (Brilliant Blue FCE, B1)
Food Blue No. 2 (Indigocarmine, B2)

Food Green No. 3 (Fast green FCF, G3)
Food Yellow No. 4 (Tartrazine, Y4)

Food Yellow No. 5 (Sunset Yellow FCF, Y5)

Food Red No. 102 (Ponceau 4R, R102)
Food Red No. 104 (Phloxine, R104)
Food Red No. 105 (Rose Bengal, R105)
Food Red No. 106 (Acid Red, R106)
Orange IT (ORII)

Azo Rubine (Azo)

Red 2G (R2G)

Brilliant Black BN (BBN)

Patent Blue V (PBV)?

Green S (GS)

Quinoline Yellow (QY)?

UThe aluminum lake salts of permitted food colors except Food Red No. 3 were also used.
PPBV and QY are the products of Warner Jenkinson Co., King's Lynn, England.
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Fig. 1. HPLC/PDA plot of 19 mixed food colors at wide
wavelenth (210~750 mm)

1.B2. 2.QY, 3.GS, 4.Y5, 5.Y4, 6.R40, 7.R2, 8.G3, 9.R2G, 10.BlI,
11R102, 12.R106, 13.Azo, 14.BBN, 15PB, 16.0RII, 17.R3,
18.R104, 19.R105.
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Fig. 2. Effect of TBA-Br concentration on the colum capacity
factor (K") for the analysis of food colors
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Fig. 3. Effect of ammonium acetate concentration on the colum
capacity factor (K') for the analysis of food colors
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Table 2. HPLC conditions for simultaneous and systematic
analysis of 19 synthetic food colors

Wavelength Gradient system
Color type of UV Mobile phase Mobile phase Retention
detector (nm) AD B? time (min)
Mixed 254 100 0 2
24
60 40
26
0 100 35
Yellow 420 100 0
8
0 100 15
Red 520 75 25
8
0 100 18
Blue & Green 620 100 0
7
40 60 15

0.025 M ammonium acetate(containing 0.01 M TBA-Br) : acetonitrile
: methanol = 65 :25: 10
%0.025 M ammonium acetate(containing 0.01 M TBA-Br) : acetonitrile
: methanol =40 : 50 : 10
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Fig. 4. Calibration curves of food colors by HPLC
(a) Yellow type colors, (b) Red type colors, (c) Blue and Green type
colors.
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Table 3. Retention (%) on Sep-pak C,q cartridge of the 19 food
colors at various TBA-Br concentration

Table 4. Elution (%) from Sep-pak C,, cartridge of the 19 food
colors add various acids

Food Concentration of TBA-Br (%)

Colors 0.00 0.01 0.02 0.03 0.04
B2 0 12 92 100 101
QY 0 64 100 101 102
GS 100 100 100 99 101
Y5 0 45 98 101 101
Y4 0 4 86 100 101
R40 8 94 98 101 102
R2 7 9 91 101 102
G3 103 103 101 101 102
R2G 6 88 100 100 100
B1 101 102 102 100 102
R102 0 37 97 101 102
R106 99 100 100 100 101
Azo 17 96 100 101 102
BBN 21 90 100 103 103
PB 96 99 100 100 99
ORIl 101 102 100 101 102
R3 98 99 98 100 101
R104 101 99 99 98 99

R105 101 94 89 95 97
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Acids added to methanol
Foodeolots )10 4ol 19 Aceticacia |7 Phosphoric
acid
B2 92.8 99.1 99.4
QY 932 937 98.9
GS 95.1 96.1 95.1
Y5 97.9 98.9 97.6
Y4 98.2 98.7 98.3
R40 96.8 98.6 96.9
R2 982 98.7 98.8
G3 96.9 99.3 96.5
R2G 932 98.1 96.1
Bl 100.8 100.1 97.3
R102 98.8 98.8 99.6
R106 98.8 99.0 97.1
Azo 98.4 97.9 94.1
BBN 93.4 98.4 98.2
PB 100.9 100.4 98.7
ORIl 97.3 98.1 91.8
R3 94.1 83.9 59.1
R104 93.0 92.3 574
R105 87.9 733 57.6
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Fig. 5. HPLC chromatogram of the 19 mixed food colors standard
by simultaneous analysis (Numbers are same as in Fig. 1)
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Fig. 6. HPLC chromatogram of the 19 mixed food colors
standards by systematic analysis (Numbers refer to Fig. 1)

(@) 4 Yellow type colors, (b) 9 Red type colors, (c) 6 Blue and
Green type colors.
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