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3. Thin layer chromatography (TLC)
4. Electrochemical methods

5. Electrophoresis

6. Spectrophotometer

7. Chemical luminescence

8. Montmorillonite calcium

9. Sudan dye I

10. Solid phase spectrophotometry
11. Tartrazine

12. ponceau R

13. Sunset yellow
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1. Azo functional group
2. Aromatic rings



wdlge 53 S s o gias G, WS (5,805l

u_:lJS r.k}‘ 9 o:bﬁ > J.:.\ALS

il Sl o peae G Ol 4 e lS S|
. Z. . \e

e 355 Sl o sae 6K, Olpe 4 LY S 5 sk
a5l a5 eslimal 93 5 Slowe 4 43 55 L L iledd
u___u']A__vl)))uw‘&]_\__ﬁébﬁ)lé)ltﬂ__v‘)ig‘}wa_ﬂ
)bwla-éb_éljlehﬁ_:.b.L.vjid.lu_'béuob)j\)_;
-L;'abjj'é\)" wd U'-'-' Ql}‘)ﬁ Qlw;&;lﬂxw L;Uao:j_\:u
o:l_»tj_'uu.a.?'ul_?j_gojy\ﬁ‘_\;-J\\uiﬁaélit..»\d;)jﬁo)bu
S0 s e 5o OF Sl J 28 s bl S

S S S ke 4 3y lkl 5 el 3 S ol sl
)jﬂfﬁ)b&\;\_&}\ﬂsﬁ_gou o}j)é'jl?udﬁjmtgugﬁ)
QA_IJI.LE.A}@JJ;SQ)}],AU%W}@\ oLiS b ome
o=l o b s e glagleslu owys i sl 3 LS S
E] S O._gj_"vobl_m )\ oslasl b &S Sl U’-'-lJ" S ‘g;“hjj‘%
3 L;ll—""u ollds Cg e s cL;AK..Z.LLA)T C;\}:.@.?J
o o Syt o o gmae GG, 4lS WS (Sl
Sydosls 13 ab g e elislesT Slastl s 5 & G,y S
Qauﬁﬁﬁuglﬁfbj;u%‘aﬁ45\)\0,:2:‘5)).3
SlaS S alez 3l as cul s eslanl UV ST
Sobm 53 (Solw w5 Jseme jsba & il 31 S by S
.:xf& )\J:é salaul )90 ‘u._a'\_'\..ﬁb\j» JJI.S L;UMK.J..;LA)T

Lhuf&_g)_g:‘y—\'

Ol 5 OS5 o) Y
gl sl Sl s 5l 5L 3550 S 03,315 Slas yol S
Shs S (Lol s sjluilnd A ag Tl
(S 5l S LT Gl el (5300 ol
LS T kS 51 sl o b Y S s bl
comle B8 sles S b bisial 5 dske gladd>

3T e Sl S S sl 5 Sl Al (Sl s 3

9. Indigo carmine
10. Quinoline yellow
11. Analytical grad
12. Sigma Company
13. Merck Company
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1. HPLC — Luminescence detector
2. LC-Mass

3. Diode array detector

4. Adsorption and desorption

5. Solid phase extraction

6. Carmoisine

7. Allura red

8. Brilliant blue
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Table 3 variation program of the UV detector
wavelength in the presence of the red and yellow
colors in sample

Time (min) Wavelength (nm)
1 0 435
2 9 435
3 9.2 490
4 9.55 490
5 9.65 435
6 11.6 435
7 11.9 490
8 24 490
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Table 4 program of the mobile phase variation
with time in a run

Time (min) A B C
0 97 1
1 97 1
22 40 30 30
23 90 10 0
24 90 10 0
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4. Mobile phase

5. Buffer

6. Deionized water

7. Matrix match technique
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Table 1 variation program of the UV detector
wavelength in the presence of the red and blue
colors in sample

Time (min) Wavelength (nm)
1 0 490
2 9.8 490
3 9.9 611
4 10.6 611
5 10.8 490
6 19 490
7 19.2 611
8 24 611

Table 2 variation program of the UV detector
wavelength in the presence of the yellow and
blue colors in sample

Time (min) Wavelength (nm)
1 0 611
2 10.5 611
3 10.7 435
4 18.3 435
5 18.5 611
6 24 611

1. Syringe Filter
2. Millipore Company
3. Reverse Phase Column Chromatography
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2. Resolution

3. Theoretical plates
4. Retention time

5. Salting-out
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1. Reverse phase chromatography (RP-HPLC)
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Fig 1 structure of the allowed food colors
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Table 5 accepted range of the validation
parameters in international standards (AOAC)

Validation parameters Accepted Rang
R’ 0.99 <
Repeatability 6%
Reproducibility 11%
Recovery percent 80-115 %
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10. Linearity
11. Relative standard deviation
12. Recovery percent
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. Validation parameters

. Specificity

. Calibration curve

. Correlation parameter

. Detection limit (LOD)

. Limit of quantitation (LOQ)
. Repeatability

. Accuracy

. Interference
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Fig 2 Chromatograms of the yellow standard colors (a) red standard colors (b) and blue standard colors(c)
Table 6 Retention times of the allowed food colors in standard solutions, in sample matric and added to
sample
Allowed food colors R¢Standards (min) R Color of sample R¢Standards add to ice
matric (min) products (min)
Quinoline yellow (I) 7.4(x0.05) 7.48(x0.05) 7.53(£0.05)
Quinoline yellow (II) 9.68(+0.1) 9.65(x0.1) 9.75(0.1)
Quinoline yellow (IIT) 11.53(%0.2) 11.78(%0.2) 11.48(%0.2)
Sunset yellow 10.66(%0.2) - 10.86(+0.2)
Ponceau R 11.95(=0.1) - 12.05(x0.1)
Allura red 14.75(£0.2) - 14.9(+0.2)
Carmoisine 18.23(%0.1) 18.20(%0.1) 18.32(+0.1)
Indigo carmine 10.38(+0.005) - 10.4(+0.005)
Brilliant blue 19.66(£0.005) 19.71(x0.005) 19.63(+0.005)

YA

Vaolts



wdlge 53 S s o gias G, WS (5,805l

u_:lJS r.k}‘j °>‘Jﬁu"""' J.:...ols

SLY Sl e ol ey crlas S0k gl IS
Sloa o 5l ol il S e e =Sl
(b s ((Sieman b Jald edd ) O el IS
S 555 0 edalie .ol o £,V Jsa> 55 LOQ 5, LOD
J=B bl S (S sl sLalS, adS 3550 3
ppm Jslee (5, So3lll J6 Sl oy xS 5 ) PPM jasiis
ppm YU slac ble Sy, ool 5leslanl b pa sl Ve

s (5 Se3lul LB VL Sl o33 LY

Lwh" AQJJPM &::as Lb}rﬂf::“s ‘.;.\"-.\A (’nﬂ) -Y-Y-¥
Sk 4 S oLl s A3 slacand j5 &S bols

osle ol Ly s bl (glad glos (& g0l ag ile 31 8 S Ly
B 250 53 A 4 I Ol 403G & ged Jshoes S
Lol Ol 4ol 33 4yl Il ( (S OS5 onl 5l 5
Sl an b s Slo Comlus s 5 A5 Gy 5 oS &
r}mul__u‘l{)ajué&ffi)lxk_wl&-ﬂﬁa}w

e Sl eslial 5,50 Crl_:.v_,\_..ﬂ rﬂ)oﬂ\rjls

Table 7 correlation coefficient, linear range, LOD and LOQ obtained from calibration curves

Calibration curve R? Lanear Range LOD LOQ

eqution (ppm) (ppm) (ppm)
Quinoline yellow (II) y=101624x-3090.5 0.999 10 - 300 1(+0.03) 10(0.3)
Sunset yellow y= 24859x +47100 0.997 10 -300 1(+0.02) 10(0.3)
Ponceau R y=37366 x +27819 0.999 10 -200 1(x0.01) 10(x0.1)
Allura red y=45184 x +22136 0.999 10-150 1(+0.03) 10(0.3)
Carmoisine y= 23922 x -24022 0.998 10 - 200 1(+0.03) 10(0.2)
Indigo carmine y= 44737 x -58459 0.997 10-150 1(+0.02) 10(0.4)
Brilliant blue y=127711x-165112 0.998 10-150 1(+0.02) 10(0.3)
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Table 8 accuracy results of measurement the allowed food colors in ice products

Peak Area Optained . Recovery Percent
Concenteratin
Quinoline yellow sample B

(1) sample +20 ppm 2208386(x1510) 21.76136051(%1) 104.870257(x1.5)
sample + 42 .85 ppm 4671850(+41504) 46.00232721(+1.4) 105.6425657(£3)

sample 22.00764311(%0.8)
Sunset yellow sample +20 ppm 1128204(+1740) 43.48944044(+1.6) 107.4089867(£2)
sample + 42 .85 ppm 1805432(+12468) 70.73220966(£2) 113.8424452(£5)

sample - -

Ponceau R sample +25 ppm 967184(+8653) 25.13956538(%2.1) 100.5582615(+3)
sample +50 ppm 1953667(+2345) 51.54011668(x1.1) 103.0802334(%2.5)
sample + 75 ppm 2825399(£19835) 74.86966761(£2.35)  99.82622348(+2.75)

sample - -

Allura red sample +25 ppm 1179685(+23690) 25.61855967(%1) 102.4742387(x4)
sample +50 ppm 2203065(£19267) 48.26772751(%2.5) 96.53545503(%2.9)
sample + 75 ppm 3458855(+24897) 76.06053028(+2.2) 101.4140404(%3.5)

sample 135885(+1520) 6.684516345(+0.5)

Carmoisine sample +25 ppm 722291(+1730) 31.19776775(x1.5) 98.0530056(£2)
sample +50 ppm 1362403(+45960) 57.95606555(%1) 102.5430984(%£5)
sample + 75 ppm 1844946(+23968) 78.12758131(%2.2) 95.25741995(%2.8)

sample - -

Indigo carmine sample +25 ppm 1076516(+35809) 25.8399981(%0.9) 100.8799924(+4 3)
sample +60 ppm 2526343(+49140) 60.24(%1.05) 100.4(£3.5)
sample + 15 ppm 690108(+1458) 16.6697202(x1.9) 111.131468(£7)

sample 200517(x1769) 1.843236572(x0.1)
Brilliant blue sample +25 ppm 2898402(+£27685) 24.96552079(=1.4) 92.50208315(%6)
sample +60 ppm 6930994(+38976) 59.52(x1.4) 96.12793905(%2)
sample + 15 ppm 1813354(x10670) 15.66609244(+1.76) 104.4406163(£2)
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Table 9 Precision results of measurement the allowed food colors in ice products

1 2 3 4 5 6 Average sd RSD
o Peak area 1572649 1543738 1550353 1547006 1526281 1579515 1553257 196537 126
331111?311(?; Concen (ppm) 155 1522 15.28 15.25 15.05 15.57 1531 0.19 1.26
R,(min) 9.75 9.7 9.8 9.65 9.87 9.68 9.74 0.08 0.84
Peak area 300077 313859 314084 315248 315816 315579 3124438 61105 195
S;ngvt Concen (ppm)  10.17 10.73 10.74 10.78 10.8 10.8 10.67 0.24 23
R,(min) 139 13.8 13.7 13.63 13.66 1351 137 0.13 097
Peak area 1525623 1580899 1485884 1533109 1574571 1583916 1547334 391319  2.52
Ponceau R Concen (ppm)  40.08 4156 39.02 4028 4139 41.64 40.66 1.04 257
R,(min) 12033 11.983 12.08 12.017 11.98 1198 12012 00399 033
Peak area 1887061 1879218 1849981 1845427 1867786 1885823 1869216  18067.5  0.96
Allurared  Concen (ppm) 4127 41.1 4045 4035 40.84 4124 4087 039 097
R (min) 14.85 14.85 148 14.73 14.81 14.73 14.79 0.05 036
Peak area 103492 1104264 1058900 1064509 1072792 1038294 1062281 253493 238
Carmoisine ~ Concen (ppm)  39.76 42.66 40.76 41.00 4134 39.90 4091 1059 2.59
R,(min) 18.32 18.23 1835 18.22 1825 183 1827 0.053 0.29
_ Peak area 867310 879346 863400 862394 895622 843178 8685416 176586  2.03
Cg‘n‘if]fe Concen (ppm)  20.87 21.16 20.78 20.75 21.54 203 209 042 2.00
R,(min) 10.23 103 10.15 10.26 1021 10.17 1022 00568 055
N Peak area 1818670 1788680 1805630 177580 1852710 1856740 1816371 331168  1.82
B‘;}EZ“ Concen (ppm)  10.68 10.65 10.67 10.64 10.71 1071 10.68 0.028 1.68
R,(min) 19.55 19.61 19.51 19.45 19.56 1953 0.061 032
Table 10 reproducibility results of measurement the allowed food colors in ice products
Sunset Yellow Carmiosine Brilliant Blue
(Eggfrf)“ R, (min) (Eggflf)“ R, (min) %’;ﬁf)“ R, (min)
1 22.007 13.85 6.68 18.32 2.59 19.35
2 21.62 13.8 6.71 18.25 2.86 19.8
3 2241 13.75 6.63 18.41 2.61 19.6
4 21.79 13.68 6.11 18.35 2.96 19.5
5 21.89 13.76 7.14 18.2 2.74 19.56
6 22.13 13.41 6.68 18.31 2.74 19.39
Average 2197 13.7 6.66 18.3 2.75 19.53
Sd 0.27 0.15 0.32 0.076 0.14 0.16
RSDg 1.25 1.14 491 0.41 5.23 0.83
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Table 11 accuracy results of measurement the red and blue allowed food colors in yellow ice products

Added colors Added colors to Peak area Obta}ned Recovery percent
yellow sample concentration (ppm)
yeil‘z);v(;;ﬁl;le 970993 (+1320) 2524(%1.2) 100.96(+1.5)
llow sample +
Ponceau R ye P 1681472(+15687 4425(%2.1 98.33(%2.5
20 (o (+15687) (#2.1) (+2.5)
yellow sample +
2531523(£15520 67(£3.1 89.33(£3.5
2% (oo (£15520) (#3.0) (£35)
yellow sample
+25(ppm) 1134368(+12348) 24.61(+123) 98 44(+2)
llow sample +
Allura red e p 2169033(£14567 4751(x18 105.5(2.2
20 (o (£14567) (£18) (£22)
yellow sample +
3371621(%£18790 74.13(%2.1 98.84(£2.5
%% (oo (+18790) (#2.1) (+2.5)
yeﬂ‘z);v(;;ﬁl)”le 549778(£5645) 23.98(+1.5) 92.95(2)
. llow sample +
Carmoisine ye 1157369(%£12126 49.38(+1.8 109.7(%2.1
20 (o (£12126) (£18) (#2.1)
yellow sample +
1769134(+£23467 74.95(%2.25 99.93(£2.5
2% (oo (:23467) (+2.25) (+2.5)
Indigo carmine yellow &1“;{’)16 T30 1262479(:16579) 30.25(x1.5) 100.84(%1.8)
Brilliant blue yellow (;1“12’)16 T30 3167796(+22348) 2727(+12) 90.91(x1.9)
o=l 5l s (g s sladisal 55 Sy s b, Sl iy e OlsS s amd lw S L e Sole w
el S, Sl 5 jasis 5 giluldr gl awle B ol
Table 12 accuracy results of measurement the yellow and blue allowed food colors in red ice products
Added colors Added colors to red Peak area Obtg ined Recovery percent
sample concentration (ppm)
fgos?;lfﬂg 818215(x1320) 31.019(2.1) 103.39(2.5)
Sunset yellow red sa nfple
60 (ppua) 1495418(15467) 58.26(1) 97.10(x1.5)
Indigo carmine fgosiggﬂl‘; 1271354(£12167) 30.46(£1.5) 101.5(:1.9)
Brilliant blue fgos?ggﬂl‘; 3268994(+13457) 28.14(%2.3) 93.8(+2.8)

Table 13 accuracy results of measurement the red and yellow allowed food colors in blue ice products

Added colors Added sC:rE)prlSetO blue Peak area conce(n)t?:tliigsd(ppm) Recovery percent

Sunset yellow T‘;%Sg;ﬂ)e 804744(+1546) 30.48(x1.5) 101.6(+2)
Ponceau R T‘;S&‘;ﬂ; 871496(+1170) 22.57(+1) 90.3(1.3)
Allura red T‘;S&‘;ﬂ; 1103915.5(12379) 23.94(+2.1) 95.76(x3)
Carmoisine T‘;‘; S&‘;ﬂ)e 519370(x1697) 23.035(x2) 92.14(2.4)
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Table 14 results of measurement the type and amount used colors in ice products produced by different
companies

Observed colors concentration (ppm)

Sample Quinoline Sunset Carmoisine  Allurared  Ponceau R Indlgo Brilliant
yellow yellow carmine blue
A 45.6(£1.4) - - - - - -
B - 48.5(£1.6) - - - - -
C - - 40.91(%1) - - - -
D - - - - - - 10.67(x0.7)
E 10.25(x0.7) - - - - - 6.75(x0.5)
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Synthetic colors are additives which can affect the health and safety of food directly. As a result of the
increase of synthetic dyes usage in industry and harmful effects of excessive consumption of synthetic
colors on human health, we have attempted to propose a valid method by the simplest laboratory
equipment for control dose of synthetic colors in foods. In this study, we have selected ice products as the
real sample because of its simple matrix. Here, we have attempted to the determination of all allowed
synthetic colors in ice samples as individual and mixtures of them (yellow-red, yellow-blue and red-
blue) in one run simultaneously. All validation parameters of the method were calculated for each color
and compared with international standards. Obtained results are in accordance with international standards
and confirm that this method has a good potential to apply as a valid laboratory method not only for
qualitative but also the measurement of synthetic colors in food.

Keywords: Health and food safety, Quantitative measurement, allowed synthetic food colors, Ice
products.
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