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Tar Colors in Foods Distributed throughout the Gyeong-In Region
-Monitoring Favorite Food Items of Children Near Elementary Schools
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Abstract In Korean, nine tar colors are permitted in foods. This study assessed these compounds in the favorite food
items of children found near elementary schools. A tota of 439 items categorized under six food types were included in
the analysis. The most frequently detected tar colors were tartrazine (Y4), Brilliant Blue FCF (Y5), Allura Red, and Sunset
Yellow FCF, respectively. One or a mixture of two tar colors were commonly found in products such as gums, ice bars,
soft drinks, and cereals. However, most often, combinations of two or three tar colors were detected. The levels of tar
colors in candies, chocolates, gums, ice bars, cereds, and soft drinks were 0.11-1169.58 mg/kg, 0.73-468.02 mg/kg, 0.10-
602.46 mg/kg, 0.25-162.32 mg/kg, 0.11-753.68 mg/kg, and 0.21-69.45 mg/kg, respectively. Tar color levels were higher in
chocolates and gums than in soft drinks and ice bars. And Y4 and Y5 were detected at the highest levels. For ages 7-12,
the total estimated daily intake (22EDI) of each tar color ranged from 0.004 to 1.017 mg/day/person. These vaues were
0.02-5.98% of the FAO/WHO's acceptable daily intake (ADI).
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Table 1. Regulation for permitted food colors of Codex, EU,
USA, Japan, and Korea
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Tar colors
Tartrazine (Y 4)
Sunset Yellow FCF (Y5)
Amaranth (R2)
Erythrosine (R3)
AlluraRed (R40)
Ponceau 4R (R102)
Fast Green FCF (G3)
Brilliant Blue FCF (B1)
Indigo Carmine (B2)

©, permitted with limited use; A, permited without limited use; X,
not permited

USA Jgpan Korea
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AB7171 & BM =A

1) AH7171

EAof A& 717191 high performance liquid chromatograpy
(HPLC)= Agillent 1100 series(Agilent, Santa Clara, CA, USA),
7Z71= DAD detector(35900E, Interface)S A1, AA1E
271 Hanil HMR210IV(Hanil Science Industrid Co., Ltd.,,
Incheon, Korea)E, rotary vacuum evaporator= rotary evaporator
NE-series(Tokyo Rikakikai Co., Ltd., Tokyo, Japan)S z}2t A&
3t

Table 2. HPLC chromatographic operating conditions for
mixture of ninetar colors

Column Shiseido Capcell pak C18 (4.6x150 mm, 5 pum)
A: 0.025M CH,COONH, containing 0.01M TBA-Br/
acetonitrile/methanol (65/25/10, viviv)
B: 0.025M CH,COONH, containing 0.01M TBA-Br/
acetonitrile/methanol (50/40/10, viviv)
Mohil Time (min) A B
phase 0 100 0
16 0 100
20 0 100
25 100 0
. B1, B2, G3: UV 254 nm and 620 nm
DESion  v4, v5: UV 254 nmand 420 nm
R2, R3, R40, R102: UV 254 nm and 520 nm
Flow rate 1.0mL/min
Injection vol. 20 uL

Table 3. Recovery rates of added tar colorsin several food
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Fig. 1. Chromatograms of ninetar color standards usng HPLC
at 254 nm (a), 420 nm (b), 620 nm (c), and 520 nm (d). B2,
Indigocarmine; Y5, Sunset Yellow FCF; Y 4, Tartrazine; R40, Allura
Red; R2, Amaranth;, G3, Fast Green FCF; B1, Brilliant Blue FCF;
R102, Ponceau 4R; R3, Erythrosine

Tar Recovery (%)

color Chocolate Candy Chewing gum Ice bar Cered Soft drink Average
B2 82.0+2.56Y 85.1+217 77.8+1.82 824+234 746+ 1.26 84.9+1.94 8L1
Y5 99.8+5.37 99.3+0.71 100.5+0.56 100.3+0.66 98.4+0.41 100.0+2.37 99.7
Y4 92.9+1.02 990.3+1.15 100.5+0.59 99.98+0.59 98.4+041 100.9£1.03 98.7
R40 99.5+0.67 99.9+0.75 102.2+0.98 101.6+0.14 99.2+0.72 99.7+1.09 100.3
R2 89.5+0.47 934+0.77 97.9+0.59 98.2+0.51 94.4+0.26 96.5+1.31 94.9
G3 100.8+£0.61 99.6+0.75 100.4+£0.48 100.7£0.48 98.5+1.22 99.3+1.45 99.9
Bl 97.3+£0.75 98.0+1.94 99.1+0.81 99.6+0.44 96.9+0.77 97.3+1.79 98.0

R102 99.7+0.18 98.7+0.56 99.9+0.53 100.3+0.56 98.7+0.55 99.0+0.94 994
R3 99.6+4.59 97.06+2.98 97.3£1.04 89.4+4.37 95.9+343 94.4+5.20 95.6

Average 95.7 96.7 97.3 96.9 95 96.9

Y Data are respresented Mean+ SD.
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Fig. 2. Sandard curves of blue and green tar colors (A), yellow ZAA AMSHIEE 9397402 et A5, WaE, dESs
tar colors (B), and red tar colors (C) by HPLC at 620, 420, and 2 AFRAME F2 gl = T Ko gEALS ALLE)
520 nm, respectively. Each R? are 1.0.

Table 4. Usage frequency of tar colors by food type

Foodtypes _SampleNo. B2 v5 7z RAD R2 a3 BT RI02 R3
@ 104 185 4 B 0 153 7 77

Candy 230 P 359 (638 (497 (131 ) (528) 2.4) ©9.3)
S s 0 8 14 9 0 0 10 1 11
Q) (833 (933 (60.0) Q) Q) (66.7) (6.7) (7133

cum o 0 14 2% 29 5 0 19 1 3
) @55 @73 (27 (1) 0 @5 (19 (55)

eber - 0 5 17 6 10 0 14 1 0
¢) (39 (65.4) (231) (385) ©) (538 (3.9) )

0 14 2 3 2 1 3 2 0

Cereal 27 0 (519  (8L5)  (1L1) (7.4) 37 (1L1) (7.4) 0
. 0 4 8 7 8 0 12 0 0

Soft drink % O (3 @ (B9 @8 O @29 8
— - 0 149 272 1% & 1 pat) 2 )
0 @8  (BL7) (M9 (143 (02 418 @7 93

YDetection number of tar color
2Number in parenthesis means percentage.
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Fig. 5. Detection frequency of tar colorsin imported foods.
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Table 5. Content of tar colorsin food items

Sample Content (mg/kg)

Tar color Candy Chocolate Chewing gum Ice bar Cered Soft drink Average
B2 N.DY N.D N.D N.D N.D N.D -
Y5 0.37-320.93% 0.86-136.13 0.59-140.21 1.87-162.32 0.22-357.96 27.77-69.45 21.94

(36.68)Y (65.83) (32.77) (36.78) (35.54) (44.04) '
va 0.13-1169.58 1.05-300.83 0.10-312.82 0.68-104.79 0.11-753.68 0.89-16.50 4704
(46.18) (88.39) (4857) (19.61) (73.48) (7.68) ’
RAO 0.56-372.39 13.63-468.02 0.54-602.46 3.09-20.96 0.96-37.21 1.61-33.60 38.32
(38.82 (98.16) (53.26) (9.81) (14.03) (15.84) '
R2 0.34-277.59 N.D? 0.92-58.23 1.39-25.35 9.82-60.79 2.79-56.19 2391
(24.65) : (3212 (14.013) (35.31) (13.44) )
1319
G3 N.D N.D N.D N.D (13.19) N.D 1319
B1 0.19-242.52 0.73-31.39 1.14-30.38 0.25-6.92 2.60-37.66 0.21-7.20 743
(11.73) (5.35) (8.03) (2.68) (14.39) (2.38) ’
1.84-71.29 1711 118.82 0.25 0.22-0.26
R102 (16.56) (17.10) (118:82) (0.25) (0.24) N.D 3059
0.10-307.33 1.54-40.87 3.28-11.98
R3 (24.25) (11.10) 6.77) N.D N.D N.D 10.04
Average 2841 47.66 42.82 13.86 26.59 16.68

YN.D: Not detected
ADetected content (Minimum-Maximum)
IMean content

FHo AR AASFO wel 500mgkg olstol™, thi-Eo]

250
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Table 6. Over 100 mg/kg detection value of tar colorsin Korean and imported products

Food Tar Content (mg/kg)
color Korean products Imported products
Y5 105.29, 107.23, 128.79, 140.15, 151.20 116.41, 124.74, 152.41, 291.11, 320.93
Y4 101.96, 109.75, 114.26, 115.50, 116.04, 102.64, 114.92, 116.28
136.89, 139.64, 165.67, 170.74, 186.10,
187.15, 213.17, 303.47, 426.42 524.03,
535.22, 1169.58
Candy R40 106.00, 115.68, 116.78, 123.24, 146.08, 109.94, 306.67
158.76, 228.25, 240.43, 372.40
R2 120.46, 277.59
Bl 103.23, 168.08, 168.22 24252
R3 307.33
Y5 135.45, 136.13
Chocolate Y4 183.62, 256.66, 300.83 115.29
R40 160.63, 468.63
Y5 357.96
Cered
Y4 151.80, 197.57, 216.62, 753.69
Y5 140.20
Gum Y4 133.63 121.69, 312.82
R40 114.72, 133.93 602.46
R102 118.82
Y5 162.32
Ice bar
Y4 104.79

Table 7. Acceptabledaily intake (ADI) of each tar color

(Unit: mg/kg- body weight)

Tar colors B2 Y5 Y4 R40

R2 G3 B1 R102 R3

ADI 0-5.0 0-25 0-75 0-7.0

0-05 0-25 0-125 0-4.0 0-01

Table 8. Average food intake for each food item of 7-12 aged per
son

Table 9. Comparison of total estimated daily intakes (EDI) to
acceptable daily intake (ADI) for tar colors

Commodity Average food intake (g)
Candy 12
Chocolate 09
Cered 155
Gum 01
Ice bar 8.7
Soft drink 329

kgs AHE-sHATH

g2 s totd EDIE Y4 398, Y5 243, R40 096, R2
114, G3 020, B1 0.34, R102 066, R3 0.04% 7}7} k& =|9)
o1 o] S FAOWHORIN A3t 7 49 ADI (Teble 7)
I vl W we FEolqdrh

ZASE=P PRY AD|oﬂ th&k EDIQ] H|&S 002-598%= et
L}, totd EDI= % ADI thH] 039%=Z tid2EFS 53 4o
AHe g o= weE

ool AdE T & HH 5w T {5
ojglo] 7|54 Fe S 518 BtEA RS Ag FUAES H
alo] FUAEZME Y4, Bl, RA0S ARRHIET} H&9 &

UL totd EDIZF FAOWHORNA AAg FFR) Sol <t
T E AdtE oItk AR ofe] 7|5 A Fe] AMEEoA =

el

1) 2
T g/?—I:DLIZ od Jg}? 1'52Da'g oy Tou E/EZ)I/ADI
person/day) person/day)
B2 190.65 - -
Y5 95.32 243 255
Y4 285.98 3.98 139
R40 266.91 0.96 0.36
R2 19.07 114 5.98
G3 935.25 0.20 0.02
B1 476.63 0.34 0.07
R102 152.52 0.46 0.30
R3 381 0.04 1.05
Tota 2426.14 9.55 0.39
DADI is expressed in terms of mg/kg/day by children (7-12 age) of
38.13 kg.

2EDI (mg/day/person)=Food intake (g/day/person)xAverage contents
of synthetic colors contents in food (mg/kg)
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A4z, FAR1E, DA 408, FAA5E £o2 vepte 4,
3] o) B2ALE A}
galolom, AriRet 2TAHE

FE 2FMHA 9 MAE TE3)
o] ARESITE BlEAAY] AEEE WeE YR 011-1169.58

mg/kg, 237 0.73-46802mgkg, 7 0.10-602.46 mg/kg, 877+
0.25-162.32 mg/kg, A3}+F 0.11-753.68 mgkg, ¥ B8 0.21-69.45
mgkge- 2 YEeldth AEF=7F 500mgkg oI5kl 71.2%7F
TEOL, 3001mgkg 1 AEE AT 15%3ch 2FE
I AellM o] B2 A Hdhge] B9aL, A s AR
A Wtk A Aol S A55e] HEdhge] the A4
Hrh =) 7124 obFe] 7t AFel tid F EDI= 0004
1017 mg/day/person©] 132, Z+ EfEZA 4] F EDIE 0.04-
3.98 mg/day/persone] . oH, Aol & ADIO] thet & EDIS] H]
£ 0.02-5.98%°]UTh.
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