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Abstract A simple and efficient analytical method for the simultaneous determination of seven tar color additives was
developed using ion pair high performance liquid chromatography. The conditions for HPLC analysis were as
follows: column, p-Bondapak C18 (10 ym, 300 x 3.9 mm i.d.); gradient mobile phase, 0.025 mol/L ammonium
acetate (containing 0.01 mol/L tetrabutylammonium bromide)-acetonitrile-methanol (65 : 25 : 10) as a mobile for
fraction A and 0.025 mol/L ammonium acetate (containing 0.01 mol/L tetrabutylammonium bromide)-acetonitrile-
methanol (40 : 50 : 10) as a mobile for fraction B; flow rate, 1.0 mL/ min; detection wavelength, 254/520/620 nm.
We could attain to the detection limits as 0.01~0.05 pg/mL (254 nm) and 0.005~0.01 pg/mL (520 nm) for six red
tar color additives, and 0.05 pyg/mL (254 nm) and 0.002 pg/mL (620 nm) for Fast green FCF. This analytical
method was applicable to determine the tar color additives contained in several commercial cold syrups.
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AAaztETY YL ool JEE T4
HPLCE AFg-8te] 2ol 38F3{tth. HP Model-1100
Series (Agilent Technologies)= HP1100 Series quaternary
pump, HP1100 Series auto-sampler, HP1100 Series Diode
Array detector®} Luminescence Spectrometer LS-55
(PerkinElmer)E AH8-3}$3TF Methanol®} acetonitrile2 J.
T. BakerA}9] HPLCH <, n-tetrabutylammonium bromide
(TBA-Br), ammonium acetatei= Sigma-AldrichAF2] A|E-2
AH85H T Allura Red AC (R40)+= Aldrich, Rhodamine B
(R213)<= Sigma, Rose Bengal (R105)<= Aldrich, Phloxine
B (R104)= Aldrich, Eosin Y disodium salt (R103)< Sigma,
Lake Red CBA (R204)= Y¥ 5733143 U5243) A}, Fast
green FCF (G3)+= Aldrichol|l A 5k ar, Al#3kal =
71k AHES Al oFollx] Tdsted AFsAT Table 1
off £ A7l AREZF ofe Bf=AA WAl tigk AS vl
stof YERRSIT

HPLC &Xx2

A Ao 2 = WatersAH] p-Bondapak C18 (10 pm, 300
x 3.9 mm i.d, Waters, USA) ZH& AL&3}4c} o]54
0.025 mol/L ammonium acetate 820 0] 248 FAIA]F]
= E2=Z 0.01 mol/L TBA-Br& AF&3}31.2 M, acetonitrile,
methanol& 65 : 25 : 10 (°]5F A M) 40 : 50 : 10
(°]5% B &9 vl&=E 93t F /A 249 s
ARS8t gradient mode® EA8F5ATE o5 F&E

1.0 mL/min®. 2 3} A5 20 L FYP3IEoH, HAE7]
o] 93} o] 54 gradient 271 (A 1B = 100 : 0/2 min,
100 :0 — 0 : 100/17 min, 0 : 100/30 min)ellA] &2)3}3Act.

EZ8%0| HIE

A7 (stock)-&2: 22 A% (R40, R213, R105, R104, R103,
R204)3} =2 AlE (G3)= 33k Sl 831A1A 1 mg/mL
o] £F AFEAE ZAGITH

FEEY: HFE AFEAES 44 2 pl, 10 pL, 20 plL,
40 pL, 100 pL, 200 pL, 400 pL, 600 L, 1000 pL< &}k
ZHTFE 348t 20 mL HEE ZA8k 0.1, 0.5, 1, 2,
5, 10, 20, 30, 50 pg/mL 5] FF&NS ZA|3t) Lake
Red CBA (R204)= ol & 54| o}, AH 30 pg/mL &
o] ¥F8HE ZA51 0.1, 0.5, 1, 2, 5, 10, 20, 30 pg/mL
TEo FFE&HE A

Assay validation

B F2H9] intra-day <} inter-day JE=o} JEE 2
< 213l Allura Red AC (R40)2] 67]9] AlEE% (2, 5, 10,
20, 30, 50 pg/mL)°ll thal 242t 6312 SAst] Rl FF
A} = vl

Az T2

k= 4719 AlF AR E 938 FAP 0 AR
PTFE 0.45 pm hydrophilic disposable syringe filter
(Advanted, Toyo Roshi Kaisha, Ltd. Japan)S A8} o
T & 24e9).

a8 AY o 2 -Bondapak C18 (10 pum, 300 x 3.9 mm
i.d, Waters, USA), Capcell Pak C18 (5 pm, 250 x 4.6 mm
i.d, Shiseido Fine chemicals, Japan), Capcell Pak C18 (5 pm,
150 x 4.6 mm i.d, Shiseido Fine chemicals, Japan), Agilent

Table 1. The specification of synthetic tar color additives used in this study [3-7]

Tar color additives Common name FDA name

Color index number

Color index name Other common name

R40 Allura Red AC FD&C Red No0.40
R103 Eosin Y disodium salt D&C Red No.22
R104 Phloxine B D&C Red No.28
R105 Rose Bengal -

R204 Lake Red CBA D&C Red No.9
R213 Rhodamine B D&C Red No.19

G3 Fast green FCF FD&C Green No.3

16035 Food Red 40 Food Red 17
45380 Acid Red 87 Eosin Yellow
45410 Acid Red 92 Eosin 10B
45440 Acid Red 94 Rose Bengal Extra
15585 Pig. Red 53 (Ba) -

45170 Basic Violet 10 Brilliant Pink B
42053 Food Green 3 -
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C18 (10 um, 250 x 4.6 mm i.d, Agilent, USA), Symmetry
CI8 (5 pm, 150 x 4.6 mm i.d, Waters, USA) 5¢] oj2] 94}
HAHES vlnl AESIE Capeell Pakd} Agilent A H <]
7%, R407} G371 2 EEl=A] ko™ Symmetry C182]
75, EFEAAS} AA AlRe] ErEl] HA e HA= <l
AREE = IRlk SH AtellA] p-Bondapak C189] 7-%-
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2} o590 FEjiEMoR AHe 07 WAHYAT[11-13],
2 AFollA ookl Frlske oY BlEAAEe] AT
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Fig. 1. HPLC chromatograms of the 7 mixed synthetic tar color
additives standards in 3 different wavelength detection
(top: 254nm, middle: 520nm, bottom: 620nm). Elution
oder of tar color additives: R40, t = 6.447; G3, t = 8.151;
R103, t = 11.418; R104, t = 15.918; R204, t = 16.510;
R105, t = 17.577; R213, t = 18.249.
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M= o]@4 X|eko & TBA-Br AHEEt] Fko] wh2 Wiz}
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Lol MEL Qs Aoz BEF e, 0.015 mol/L
ool FrollA Gl Mske dF= dold 7 A
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HHE A3 02 SR1sH A7) felse MAE] SAde 4
S A stk kol olefg APAHRE 71EE St
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Table 2. Regression equations, correlation coefficients, limits of detection (LODs) and limits of quantification (LOQs) for tar color

additives

Detection at 254 nm

Tar color additives - -
Regression equation

Correlation coefficient LOD (pg/mL) LOQ (pg/mL)

Allura Red AC (R40)

Fast green FCF (G3)

Eosin Y disodium salt (R103)
Phloxine B (R104)

Lake Red CBA (R204)

Rose Bengal (R105)
Rhodamine B (R213)

36.695X + 0.783
10.584X - 0.085
47.804X - 15.525
41.955X - 9.615
11.935X + 0.097
30.280X + 1.279
61.158X - 30.880

<< <=<=<=<=<
L LI L T | B | O [}

0.998 0.01 0.04
0.998 0.05 0.1

0.997 0.01 0.04
0.996 0.01 0.04
0.998 0.05 0.1

0.996 0.01 0.04
0.995 0.01 0.05

Detection at 520 nm

Tar color additives - -
Regression equation

Correlation coefficient LOD (ug/mL) LOQ (ug/mL)

Allura Red AC (R40)

Fast green FCF (G3)

Eosin Y disodium salt (R103)
Phloxine B (R104)

Lake Red CBA (R204)

Rose Bengal (R105)
Rhodamine B (R213)

51.703X - 10.881
152.927X + 8.865"
125.340X - 11.278
42.122X + 0.716
13.496X + 0.877
31.336X - 6.704
93.305X - 65.264

<< <=<=<=<=<
mnm mnmmnnnn

0.998 0.005 0.02
0.998" 0.002" 0.01"
0.996 0.005 0.02
0.995 0.005 0.02
0.998 0.01 0.05
0.996 0.01 0.05
0.996 0.005 0.02

": Wavelength at 620 nm.

0]%5742= 0.01 mol/L TBA-Brg ¥+¢h0.025 mol/L 3¢
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Fig. 2. Effect of TBA-Br concentration on the column capacity
factor (k') for tar color additives.

HES o FEEA

2}z gl2 s 284S 0.1, 0.5, 1, 2, 5, 10, 20, 30,
50 pg/mLE=E (Lake Red CBAE 0.05~30 pg/mL) A
3kar 24zt 20 LS HPLCO Y% o}@l D2 A=rtETH
ol ¥F 7 ZA S X_]—k]?sﬂ KR ELH J—}-X]' 254 nm, 520 nm,

620 nmolA 958 A (¥ = 0.995~0.998)S JERNS]
o} &3k HESHAIE S5t AdE JYs Ze g @

2 FETA ARgEt] e HARHAOE 771 BFEA A0
A=3H (LOD)2} B3 (LOQ)E ICHS] Q2B 7lo|=
ZRRlo| A AASh= W OZ 13Tt [16]. Table 2014
Ko = nke} o] 679 ZJ%H E‘rf—iﬁiA AEM=
254 nmolA 0.01~0.05 pg/mL, 520 nmollA] 0.005~0.01 pg/mL

< YEhle] 520 nmoll A B F2 AESIAIE HAF3
E]—. T3} Fast green FCF (G3)<2] AESHAI= 254 nmol| A

0.05 pg/mL, 620 nmol|A] 0.002 pg/mLE YJERAATH
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Fig. 3. Effect of ammonium acetate concentration on the column
capacity factor (k') for tar color additives.
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Table 3. Determined concentrations of R40 (Allura Red AC) in 4
commercial cold syrups

Mean(ug/mL)£SD
Cold syrups - -
Detection at 254 nm  Detection at 520 nm
A 9.94 + 0.44 9.08 + 0.07
B 42.78 + 0.40 42.06 + 0.17
C 19.96 + 0.77 18.65 + 0.44
D 20.96 + 0.33 20.82 + 0.12

20 uLA A FUst AE 37 254 nm, 520 nm, 620 nm
ANA BA HEIPHA 2] A% A7), ofe] BEAA TR
H] R40 W] HEFIUTE 3 ZF A|ROA EAste de
R40 E}=ZA12-0] F 5 Table 39 VERR A3} o] &y}
7} 254 nm AZZA)A R40 EFEAAT} AXE 9.94 pg/ml,
BAIE 42.78 pg/mL, CAIE 19.96 pg/mL, DAE 20.96 pg/mL
o2 717 SAHAT A3 520 nm HEERAAAE
R40 E}2447} AAIE 9.08 pg/mL, BAIE 42.06 pg/mL, CA]
B 18.65 pg/mL, DA E 20.82 pg/mLE =AU} Fig. 4
= AIEER ) AlY] R FollA] e diRAR] AZrfE
WS HAdFT Q) g2yt 23k A A)Y ok
e 2 A= 34 254 nm, 520 nm, 620 nmol|A] FA] A
Z0| 7Fsotes AP W A=AV 2= 3 254 nm
Ho} 520 nm (352 620 nm)ol|A] 2~5918 % o] SO} 520 nm
(2= 620 nm)ollA9] FAE7F O stk g At
AZ9E 254 nmoME thE 9=79] HF3ko 2 213 matrix
effect7} G Ao} HETF 520 nm (== 620 nm)ol|A]
= El=2AA o]2ld]] Tt B4 AEEA] 2o} matrix effect
ANA AR v 2 S 7L ok AA 2 A7
oA AlY oFEe] AFEREAA], 520 nm AEIE 7000 A
OE A9 Mie Aol ASHA] &al FY3H R40 )=

who] Uiz Feliaje] js Gol8 gAe nejFa
91tk Table 3014 Mol 213 2o] 520 nm #E51o]
el wERA gro] 254 nm BEIFOIN ZnTh 2L
e o2 ZsEn.

Sig=254 Sig=254

E may
804 i
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T T T
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Fig. 4. Typical chromatograms of B (left) and C (right) in commercial
cold syrups. See experimentals for chromatographic
conditions under 3 detection wavelengths (top: 254 nm,
middle: 520 nm, bottom: 620 nm).

EAMH validation

ool AR BA41H 9] validationS 93] intra-day 2}
inter-day precisionS Z7d3}3 =], Allura Red AC (R40)
o] 6709 ABFE (2, 5, 10, 20, 30, 50 pg/mL)ol| thaj
77} 63|18 At dojzl BFRAF FFOZ v W3S
t} (Table 4, 5). AAZA3} R409] intra-day2] ST =Z vk
= AN 23} (relative error, RE)= 254 nm<} 520 nm A&

Table 4. Intra-day relative error and relative standard deviation of R40 (Allura Red AC) at detection wavelength 254 nm and 520 nm

Detection at 254 nm

Detection at 520 nm

Concentration of R40 (ug/mL)

Mean (ug/mL) + SD  RE (%) RSD (%) Mean (ug/mL) +SD  RE (%) RSD (%)
2 1.98+0.02 -1.11 0.94 2.00£0.031 -0.02 1.53
5 4.89+0.13 2.23 2.75 4.890.23 -2.29 4.67
10 9.97+0.07 -0.34 0.76 9.93+0.08 -0.74 0.80
20 19.79+0.42 -1.03 2.13 19.66£0.52 .72 2.66
30 30.76+0.43 1.39 30.80+0.40 2.67 1.30
50 51.04+1.88 -2.08 3.69 50.21+0.95 0.42 1.89

RE (%) = (measured value - true value)/true valuex100%, RSD (%) = (standard deviation/mean)x100%

Table 5. Inter-day relative error and relative standard deviation of R40 (Allura Red AC) at detection wavelength 254 nm and 520 nm

Detection at 254 nm

Concentration of R40 (ug/mL)

Detection at 520 nm

Mean (ug/mL) + SD  RE (%) RSD (%) Mean (ug/mL) + SD  RE (%) RSD (%)
2 1.95£0.09 -2.64 4.93 1.94+0.08 -3.01 3.93
5 5.05£0.10 1.98 5.06+0.06 1.27 1.28
10 9.85+0.34 -1.51 3.45 9.88+0.29 -1.18 2.98
20 19.94+0.32 -0.33 1.59 19.85:0.31 -0.75 1.55
30 29.42+0.39 -1.92 1.34 29.46+0.34 -1.80 1.14
50 48.78+1.21 2.44 2.49 48.99+1.16 -2.02 2.37

RE (%) = (measured value - true value)/true valuex100%, RSD (%) = (standard deviation/mean)x100%
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Z73904 22} 0.34-2.53%2} 0.02-2.67%, FL=E YERY
= AHEFHA (relative standard deviation, RSD)= 0.76-
3.69%%} 0.80-4.67% AT inter-day 2] Ath 2 XR= 254 nm
9} 520 nm AZZ7NA 242} 0.33-2.64% 2} 0.75-3.01%,
ANEFAXR= 1.34-4.93%2} 1.14-3.93%E eh} B A

o] 4ol sl T Aom ATHUH.
g8 A8
B Ao 2EE 7o s =} s A9

19 o

=

SHAT vlolaz I¥loz AlEEI Qe 471A
AE AES 242 500 pL #Hsked 10 mL k=0
Yy 557} 242} 20 pg/mL, 40 pg/mL, 50 pg/mLSl R40
F8A9 500 Ly Yerh 183 A|EE AAHe
A2)gk 3 24zt 254 nmé} 520 nm FEETEO|A 4714
7719k ARl R40S H71et a9 AEEE SH3A
t}. Table 694 HAF= w9} 2] 254nme} 520nm 73
STl A 4712 7171k Al R40S H71gH 3482
Z¥7} 92.7%~101.9%, 93.5%~101.7%°]31, RSDE z}zt
1.75%°13}, 1.53%°]3t=2 Yeht £ FA4Ho] 3] 4l
g vksk Ao g etk

_—

Kl
N

Table 6. Average recovery of R40 (Allura Red AC) in cold syrups

(n=3)
Detection at 254 nm Detection at 520 nm
Cold Added

syrups  (ug/mL) Recovery RSD Recovery RSD
(%) (%) (%) (%)
20 95.1 1.52 96.3 1.14
A 40 98.8 1.14 99.3 1.34
50 96.8 0.98 95.6 0.89
20 96.9 1.73 97.3 1.25
B 40 100.4 1.06 100.6 1.23
50 94.3 0.92 94.5 0.85
20 98.4 1.75 96.5 1.53
C 40 101.9 1.34 101.7 1.26
50 92.7 1.02 93.9 0.95
20 93.2 1.20 93.5 1.06
D 40 99.4 1.16 99.8 0.93
50 95.3 1.05 95.7 0.86

4 e

= 7ellMe HPLCE o183 of2 79 94 Bada
A Bestn AR A AE BAUL 35
St 1Yo 2= p-Bondapak C18 ZAHS ARSI
o]FAO & 0.01 mol/L TBA-Brg -3+ 0.025 mol/L
ammonium acetate2} acetonitrile, methanol2 65 : 25 : 10
7} 40 150 1 1002 S35 F /1A 2/d9] BulE ARESt
gradient mode 2 FAI8Ith. AES {1 HEIPFL FA
w49 B9 254 nm, AlTEAE A ATE 520 nm, =4

AE-E 620 nm= AASHATE 2 AFolA FHE 94
HPLC B4z A A&7 254, 520, 620 nmojA]
AIATE EF 0.995~0.9982 53k A4S YR
Ak AEIFAE HA EFENLEL 0.01~0.05 pg/mL
(FAZ34 254 nm), 0.005~0.01 pg/mL (FZ3 520 nm)
EAELE A A (G3)E 0.05 pg/mL (AE34 254 nm),
0.002 pug/mL (AZ3 620 nm)Z UEPGT) 9]2] EAHS
883t AlFol A Fufstal Qe 4714 7719k A9 <F
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