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Method Development for the Sample Preparation and
Quantitative Analysis of Synthetic Colors in Foods

Sung-Kwan Park, Tal-Su Lee, and Seung-Kook Park**

Food Additives Division, Korea Food and Drug Administration
Department of Food Science and Biotechnology, Kyung Hee University

Method for sample preparation and quantitative analysis of 19 permitted and non-permitted synthetic colors in
foods was developed based on reversed-phase ion-pairing high performance liquid chromatography. For color
extraction of samples, delonized water was added, and pH was appropriately adjusted with 1% ammonia water.
Any undissolved matters were extracted with 50% ethanol or 70% methanol. Lipid in snacks was first removed
using n-hexane with centrifugation, water was added to extract colors, followed by clean-up and concentration
using Sep-Pak C,, cartridge. Recovery efficiencies at known concentrations of 19 standard food colors spiked into
foods were in 90.3-97.9% range for soft drink, 79.2-101.9% for candy, 84.1-103.4% for jelly, 86.4-100.8% for
chewing gum, 83.5-103.4% for ice cream, and 78.5-95.6% for snack.

Key words. synthetic food colors, sample preparation, ion-pairing HPLC
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Methanol 3+ acetonitrile®  MerckAHDarmdtadt, Germany) 2|
HPLCH<S, terabutylammonium  bromidg(TBA-Br)=  Junsd
ChemicalAk(Tokyo, Japan)®] Al&FS ARSI, 2 & Alok2
WakorHOsaka, Japan)®] Sw41ks ARS8t Aol A8
A AEL TCIAKTokyo, Jpan)e] AIEZo2 Table 100 A28k
th. AAE JHEZAE SepPk Cy(Waers, Milford, MA.,
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R2G) FAAIZ(Y4, Y5, ORI, QY), 3 A %(B1, B2
G3, GS, PBV, BBN) A AE ¥ &34 EFEE9°] 100ppm
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Table 1. Synthetic food colors used as standards for HPLC
analysis

Permitted colors®

Food Red No. 2 (Amaranth, R2)

Food Red No. 3 (Erythrosine, R3)

Food Red No. 40 (Allura Red, R40)

Food Red No. 102 (Ponceau 4R, R102)
Food Blue No. 1 (Brilliant Blue FCF, B1)
Food Blue No. 2 (Indigocarmine, B2)

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

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

Non-permitted colors?

Food Red No. 104 (Phloxine, 104)
Food Red No. 105 (Rose Bengal, R105)
Food Red No. 106 (Acid Red, R106)
Orangell (ORII)
Azo Rubine (Az0)
Red 2G (R2G)
Brilliant Black BN (BBN)
Patent Blue V (PBV)
Green S(GS)
Quinaline Yelow (QY)
YAluminum lake of permitted food colors except for Food Red No. 3

and 102 were also used.
2PBV and QY are the products of Warner Jenkinson in Great Britain.
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Table 2. HPL C conditionsfor the analysis of 19 synthetic food colors
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Color type Operating conditions
Yellow Column Symmetry C,, (3.9 mmi.d. X150 mm, 5 pm)
Eluent AY:B?=100:0— 0:100/8 min, curve#8, 0: 100/15 min
Detector wavelength UV 420 nm
Flow rate 1.0mL/min
Injection vol. 20 uL
Red Column Symmetry Cjg (3.9 mmi.d. X150 mm, 5 pm)
Eluent A:B=75:25—0:100/8 min, curve#9, 0: 100/18 min
Detector wavelength UV 520 nm
Flow rate 1.0 mL/min
Injection vol. 20 uL
Blue& Green Column Symmetry C,, (3.9 mmi.d.><X 150 mm, 5 pm)
Eluent A :B=100:0— 40:60/7 min, curve#7, 40 : 60/15 min
Detector wavelength UV 620 nm
Flow rate 1.0mL/min
Injection vol. 20 uL
Mixed Column Symmetry Cjg (3.9 mmi.d. <X 150 mm, 5 pm)
Eluent A :B=100:0/2min, 1_00:0—>60:40/24min, _curve#6,
60 : 40 — 0: 100/26 min, curve#6, 0 : 100/35 min
Detector wavelength UV 254 nm
Flow rate 1.0mL/min
Injection vol. 20 uL

YA: 0.025 M ammonium acetate (containing 0.01 M TBA-Br):acetonitrile:methanol = 65 : 25 : 10.

2B: 0.025 M ammonium acetate (containing 0.01 M TBA-Br):acetonitrile:methanol
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Fig. 1. Calibration curvesfor food colorsby HPLC.

A: Yellow color types, B: Red color types, C: Blue and green color
types.
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Table 3. Recovery efficiencies (%) for 19 food color s spiked to the saveral foods followed by HPL C analysis
Sample Recovery efficiencies (%)
Food color Soft drink Candy Jly Chewing gum Ice cream Ceredls
B2 95.3+0.93 79.2+0.68 1034+ 1.64 99.1+0.51 91.4+181 79.2+0.21
QY 97.7+1.01 101.9+0.47 98.4+1.09 98.6+0.42 97.9+2.38 93.3+0.29
GS 97.2+0.93 96.6+1.10 93.1+£1.65 93.5+0.38 835+3.63 80.4+1.60
Y5 97.2+1.01 93.2+2.30 97.1+£0.76 97.7+041 995+ 157 93.8+0.42
Y4 96.7+£0.79 100.3+£1.75 101.2+1.01 95.1+0.62 96.3+5.33 83.0+0.32
R40 97.9+1.12 99.1+1.42 969+1.14 96.2+0.28 994+1.12 95.6+0.78
R2 96.5+0.95 1004+ 152 96.7+1.11 97.0+£0.36 98.0+1.99 86.3+0.52
G3 97.8+1.06 949+131 949+1.13 96.0+0.44 99.3+0.80 94.8+0.86
R2G 92.0+1.81 96.2+1.21 97.8+1.10 98.9+0.89 99.6+ 157 94.1+0.17
Bl 96.1+1.49 98.4+1.60 100.8+2.32 100.8+0.65 103.4+1.28 95.6+0.45
R102 97.0+£1.03 929+155 959+1.15 97.0+£0.31 99.5+0.78 88.9+0.47
R106 97.0£0.95 99.7+153 96.3+1.13 97.3+£0.52 100.4£0.90 95.6+0.48
Azo 96.5+154 959+1.10 923+211 91.2+0.16 98.9+1.66 93.9+1.90
BBN 97.6+0.96 90.8+0.78 97.9+1.20 98.8+0.57 94.0+2.08 78.5+0.69
PB 96.4+1.58 95.0+0.80 95.6+1.20 96.4+0.57 100.4+0.88 92.8+0.68
ORIl 96.5+1.14 91.3+242 95.4+0.99 95.4+0.84 98.6+1.25 94.6+1.23
R3 95.1+2.03 95.9+1.89 975+1.32 98.2+0.63 97.1+1.36 90.5+0.51
R104 95.5+0.50 96.4+0.90 97.2+155 97.4+0.55 95.6+2.07 91.4+0.65
R105 90.3+1.82 91.7+211 84.1+043 86.4+0.17 85.0+255 87.7+£0.77
YMean + standard deviation.
Table 4. Concentration of the yellow colorsquantified in various foods by HPLC
No. of Food . Mean
Samples sample color Concentrations (mg/kg) (Mg/kg)
Y5 N.D.YX 17, 2.04,5.22, 37.67 14.98
Soft drink 20 Y4 N.D.X 11,141, 1.68,2.82,4.14, 4.78, 5.84, 8.23, 23.61, 32.64 9.46
QY and ORII were not detected..
Y5 N.D.X 8, 2.08, 4.17, 6.34, 6.89, 9.05, 10.98, 17.48, 19.71, 31.10, 34.91, 69.65, 90.41 25.23
Candy 20 Y4 N.D.X 8, 4.56, 8.68, 9.40, 15.19, 17.41, 19.75, 21.66, 27.14, 44.18, 68.69, 70.76, 84.59 32.67
QY and ORIl were not detected..
Y5 N.D.X 10, 0.61, 0.90, 1.93, 1.93, 2.44, 13.53, 150.5, 22.33, 26.83, 41.89 12.74
N.D.X3,0.93, 1.27, 3.40,5.17, 7.72, 10.25, 11.30, 14.35, 18.38, 22.43, 22.94, 23.33, 28.15,
Jly 20 Y4 3845,89.04, 154.19, 270.21 4244
QY and ORIl were not detected..
) Y5 N.D.X19, 21.77 21.77
Chi"r’r']”g 20 Y4  N.D.X12,1.39,5.68, 6.45, 6.74, 8.38, 1591, 16.32, 40.49 12.67
g QY and ORIl were not detected..
Y5 N.D.X 16, 0.57,0.89, 7.95, 15.72 6.28
Ice cream 20 Y4 N.D.X 10, 0.96, 1.16, 2.83, 3.36, 4.76, 5.44, 8.30, 13.78, 14.49 591
QY and ORIl were not detected..
Y5 N.D.X12,1.12, 2.26, 2.43, 3.27, 4.16, 33.96, 80.70, 144.61 34.07
Cered 20 Y4 N.D.X11, 2.05,2.72, 6.67, 14.31, 17.18, 20.86, 125.80, 148.18, 157.25 55.00
QY and ORII were not detected..
ON.D.: not detected.
238 AR 5 N7F Codexe] FHuis]gaol 24 AM-=F (Teble 6). B1o] -t 53] Zxpel Atwel ol AREEHIATH
< Btk R3= olE 7IEE 23 AEE = /il A Codexoll A= WaF 9 olo]2m2e] Bl, B2 ¥ G3E 100
=9 AV AAAISAAE 5 RP) A A1F 7 Aol 7} mgkg7A HUI= 38313 3 EUClAE Bl B2E H|Y
F ARERIES} ARE-Fo] Wkt HA gl =4 AlFe] AAs & FEEEe] 100, FAF 300, 229l 200 mgkg7HA] &
ZFolA BlS EF AEHYL B2E AFAFE A3 RE 2 2 383kl J=ul(28) 2 AFA BT AIRE el
FA, G3= HFFe} A, ofo]2A AT AEEH At olE AHTIES 23 AEE fidiTh
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Table 5. Concentrations of red colors quantified in variousfoodsby HPLC

No. of Food . Mean
Samples smple color Concentrations (mg/mg) (mg/mg)
R40 N.D.Y17,0.81, 36.74, 46.26 27.94
Soft drink 20 R2 N.D. 16, 1.35, 3.91, 18.72, 24.98 12.24
R2G, R102, R106, Azo, R3, R104 and R105 were not detected.
R40 N.D. X5, 0.10, 0.82, 3.17, 8.80, 16.78, 24.77, 27.80, 27.92, 30.60, 32.61, 34.39, 63.80, 92.39, 53.94
143.92, 301.16 ’
Candy 20 R2 N.D. X 15, 4.35, 5.36, 6.08, 10.88, 12.98 7.93
R3 N.D.X17,0.23, 0.47, 5.60 2.10
R2G, R102, R106, Azo, R3, R104 and R105 were not detected.
R40 N.D.X10, 0.36, 3.16, 7.06, 19.21, 20.92, 27.30, 32.45, 61.23, 66.38 22.84
ol 20 R2 N.D.X 13, 1.54, 3.21, 4.27, 5.82, 13.67, 19.49, 196.85 34.98
y R3  N.D.x19 855 8.55
R2G, R102, R106, Azo, R3, R104 and R105 were not detected.
R40 N.D.X16, 0.90, 2.72, 20.05, 64.87 2214
Chewing 20 R2 N.D.X 16, 4.42, 7.51, 15.02, 21.28 12.06
gum R3 N.D.X 14, 0.20,0.24, 0.68, 1.81, 2.77, 4.43 1.69
R2G, R102, R106, Azo, R3, R104 and R105 were not detected.
R40 N.D.X15, 158, 3.64, 7.54, 14.24, 51.27 15.66
Ice cream 20 R2 N.D.X 13, 4.47,6.17,6.47, 17.21, 23.97, 26.79, 34.98 17.14
R2G, R102, R106, Azo, R3, R104 and R105 were not detected.
R40 N.D.X17,1.47,45.78, 357.85 135.04
Coredl 20 R2 N.D.X 18, 3.70, 10.75 7.22
R3 N.D.X17,0.42, 053, 54.57 1851
R2G, R102, R106, Azo, R3, R104 and R105 were not detected.
ON.D.: not detected.
Table 6. Concentrations of blue and green colors quantified in various foodsby HPLC
No. of Food . Mean
Samples sample color Concentrations (mg/mg) (mg/mg)
B2 N.D.Yx19,0.78 0.78
. G3 N.D.X 19, 1.09 1.09
Softarink 20 Bl  N.D.X11,0.18, 031, 050,090, 1.11, 2.07, 2.21, 5.74, 7.61 2.29
GS, BBN, and PB were not detected.
B2 N.D.X 15, 0.07, 0.44, 0.83, 1.65, 20.95 479
Con 20 G3 N.D.x 19, 0.09 0.09
dy B1 N.D.X5,0.18, 0.87,0.92, 1.23, 1.30, 1.39, 1.54, 1.95, 2.57, 2.76, 4.28, 8.16, 11.36, 14.16, 36.66 5.96
GS, BBN, and PB were not detected.
B2 N.D. X 19, 0.86 0.86
Jdly 20 B1 N.D.X 11, 0.05, 0.18, 1.12, 1.32, 2.31, 2.84, 3.88, 3.95, 7.43 2.56
GS, BBN, and PB were not detected.
. B2 N.D.X 19, 0.15 0.15
cr;mng 20 Bl  N.D.x11, 008,091, 100,101, 1.43, 5.15, 8.04, 8.37, 8.74 3.86
GS, BBN, and PB were not detected.
B2 N.D.X 19, 0.63 0.63
| 20 G3 N.D. X 18, 0.04, 0.21 0.12
cecream Bl  N.D.X14,121, 137,175, 2.36, 6.34, 843 358
GS, BBN, and PB were not detected.
B1 N.D.X 15,091, 1.15, 2.37, 19.90, 21.43 9.15
Cered 20

GS, BBN, and PB were not detected.

ON.D.: not detected.
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