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ABSTRACT KEYWORDS
Two methods are recommended for the simultaneous determination of Allurared;
tthese colorants in foodstuff. The mixtures of food colorants, containing Tartrazine;
tartrazine, sunset yellow, allurared and caramel were simultaneously ana- Sunset yellow;
lyzed with spectrophotometry without previous chemical separation. The Caramel;
data aquired from experiments were processed by one of chemometric Chemometry.

approaches with partial least squares (PLS) using the absorbance and po-
tentiometric data. The linear relationship between the volumes of titrant
and the concentrations of analytes was obtained by chemometric meth-
ods. The designed model was the used to predict the concentrations of
components in unknown sample. In the next step, PLS method, commer-
cia beverage samplecaramel, allurared, tartrazine and sunset yellow quan-
tity determinations were performed at the same time. PLS calculated from
experimental data, calibration methods, a good fit between the observed
and the results were compared statistically.
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INTRODUCTION

Synthetic sweetenersused in foodsfor centuries
and there are foods that make you more attractive
features such as whet your appetite¥. By reducing
the appearance of the party by adding col orants col or
variations, natural color and natura color enhanc-
ers for products that have consumer appeal can be
maintained while producing®@. In recent years, food
additives have been investigated to evaluate their
toxicity®. Theamount of these chemical s should be
used and sometimes alergy in susceptibleindividu-
as, asthma and other health disolders should be

checked because it can produce. Various analyti-
cal methods have been used for the qualitative and
guantitative analyses of food color-, including spec-
trophotometry™9, potentiometry!”9l, chromatogra-
phy®,

Multivariate calibration methods are utilized in
the spectrophotometric and potentiometric data
analysis for the mixtures containing two or more
compounds.

In this work, Partial Least Squares (PLS) was
used for thes multaneous determination of tartrazine,
alurared, caramel and sunset yellow in foodstuff
without any separation stey. Two methodswere used
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potentiometry and UV-spectrophotometry compara-
tively.

EXPERIMENTAL

Chemicalsand reagents

Analytical reagent grade chemicals were used,
unless stated otherwise. Stock solutions 10 mg/ 100
mL of sunset yellow (Fluka), 10 mg/ 100mL of
tartrazine (Fluka), 10 mg/ 100mL of allura red
(Sigma), 10 mg/ 100mL of caramel (Gurme) (TABLE
1.) were made ready by the exact weighing of the
standards and solution with reverse osmosisquality
water. Working solutions were prepared from the
stock solution diluted with water. The solutions ob-
tained in all the samplesisdetermined for at least a
month. To adjust the pH of the standards and samples
a0.1 M HCI agueous sol ution was used.

I nstrumentsand software

Pharma 1700 Spectrophotometer / SHIMADZU
connected to an IBM PSfitted with UV Probe Soft-
ware was used for all measurements and treatment
of data. Absorbance measurements were made two
matching 1.0 cm quartz cells.

The potentiometric equipment used was, ORION
5 STAR pH / ion meter equipped with a combined
glass-calomel electrode.

Absorbancemeasurements

Absorbance spectra of the food colorants were
recorded between 250-600 nm with a range of 0.1
nm between each two points and were contrasted
with the corresponding blanks. The calibration ma-
trix was prepared from 31 sol utions contai ning mix-
tures of the four components in different ratios. an
aiquat of sample containing between 0,4 and 20 (mg/
mL) (TABLE 2,4.) of the colorantswas placed in a
25 mL volumetric flask and 0.1 M HCI was added.
The mixture was shaken for 20 min and packedina

TABLE 1 : Sructure of the colorants
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1nmcell. Thecolorant isprepared in the same man-
ner as described for the blind and standards all re-
agents except for the place.

Procedurefor real sample

For this purpose, an amount volume to 20 mL
samplesin foodstuff. The samplewastransferred to
25 mL calibrated flask and dissolved in water me-
chanically.

Potentiometric measur ements
The temperature was adjusted from the outside

——  Ful] Peper

of the cell at 25°C + 0.1 with a cooler system water
bath and the test solution was mixed magnetically at
the purified nitrogen medium. The e.m.f. measure-
ments to quantify the pH of the solution were ap-
pliedwithamodel ORION 5 STAR pH /ion analyser
withAg/AgCl combined pH el ectrode system (+0.1
mV)

The determination of food colorantsin synthetic
real sampleswere nominated by titration, usng KOH
solution astitrant, in respect of the criteriapromoted
by IUPACI133,

TABLE 2 : Composition of the calibration set for the food colorants

Concentration (mg / mL)

No Caramel AlluraRed Tartrazine Qunse Y dlow
1 20 04 0.8 0.4
2 40 04 0.8 0.4
3 6.0 04 0.8 0.4
4 8.0 04 0.8 0.4
5 10.0 04 0.8 0.4
6 12.0 04 0.8 0.4
7 14.0 04 0.8 0.4
8 16.0 04 0.8 0.4
9 20.0 04 0.8 0.4
10 40 06 0.8 0.4
11 40 08 0.8 0.4
12 40 10 0.8 0.4
13 40 12 0.8 0.4
14 40 16 0.8 0.4
15 40 18 0.8 0.4
16 40 20 0.8 0.4
17 40 22 0.8 0.4
18 40 04 12 0.4
19 40 04 16 0.4
20 40 04 20 0.4
21 40 04 24 0.4
22 40 04 28 0.4
23 40 04 32 0.4
24 40 04 36 0.4
25 40 04 0.8 0.8
26 40 04 0.8 1.0
27 40 04 0.8 1.2
28 40 04 0.8 1.4
29 40 04 0.8 1.6
30 40 04 0.8 1.8
31 40 04 0.8 2.0
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TABLE 3 : Satistical parameter values for calibration step- simultaneous determination of food colorants using

partial least square method

Compounds Compounds
Parameter Method Caramd Allura Red Tartrazine Sunset Ydlow

RMSEC PLS 0.1167 0.1158 0.1516 0.1720

PRESS PLS 0.4223 0.4156 0.7122 0.9178

Regression Coefficent PLS 0.9995 0.9997 0.9998 0.9989

Intercept PLS 0.0142 0.0405 0.0205 0.0175

Sope PLS 0.9962 0.9998 0.9997 0.9995

TABLE 4 : The composition of validation set
Concentration (mg/ mL)
No Caramel AlluraRed Tartrazine Sunst Yellow

1 40 04 0.8 0.4
2 80 04 0.8 0.4
3 120 04 0.8 0.4
4 16.0 04 0.8 0.4
5 40 0.8 0.8 0.4
6 40 12 0.8 0.4
7 40 16 0.8 0.4
8 40 04 0.8 0.8
9 40 04 0.8 12
10 40 04 0.8 16
11 40 04 16 0.4
12 40 04 24 0.4
13 40 04 3.2 0.4

The standardisation of the el ectrode system was
performed, each timein mixtures studied by Gran’s
method™.

At this step, on conjectural quantity of solution
at the same conditions as temprature, ionic strength
and solvent composition (hereafter will be called
background solution) wasplaced in adouble-walled,
thermostated vessel. In first step, the potential was
allowed to come to balance after each addition of
acid or base and then value was utilized to acquired
the standard potential of the cell, E°. The electrode
was dipped in background solution and it was ti-
trated with a strong base in the same experimental
conditions of ionic strength and solvent composi-
tion. Usually, about 10 or 12 additionsisenough for
verify E° to be accurately determined.

In second step, an aliquat of sample containing
between 0,4 and 20 (mg/mL) (TABLE 2,4.) of the
colorants wastitrated by sodium hydroxide.

For real sample; an amount volume of food

sample add to the cell and titrated by base.
Partial least Sguares (PLS)

Partia least squaresregression (PLS-regression)
isone of the most widely used multivariate calibra-
tion methodsin chemometricg®.

PL S components obtained us ng both experimen-
tal (or x) and concentration (c) dataat the sametime.
Often PLSispresented in theform of two equations.
There are a number of ways of expressing these, a
convenient are being;

X=TP+E (1)
c=Tq+f (2)

X points the experimental measurements (e.g.
spectra) and ¢ the concentrations. The vector q has
some analogy to aloading vector. The matrix T is
common to both equations. E is an error matrix for
thex block and f an error vector for the c block The
scores are orthogonal, but the loadings (P) are not
orthogonal, usually they are not normalized(*¢..
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We used Minitab 15 program. Minitab 15 was
used for all the process of the absorbance / pH —
concentration data and the statistical calculations.
Minitab can be used for learning about statistics as
well as statistical research(*”.

RESULT AND DISCUSSION

Thecalibration set of 32 standard mixture solu-
tions which containsthe concentrationswith differ-
ent ratio of food colorants (TABLE 2).

The prediction residual error sum-of-squres
(PRESS) of the calibration step was calcul ated as;

PRESS = Z ( Cded . foundy2 3)
i1

C*d : Actual Concentration, the added con-
centration of colorantsis,

dded .. . .
C™™ . Prediction Concentration, is the found
concentration of colorants.

The RM SEC can provideagood measure of how
well, on average, the calibration model performs.

According to the actual and the predicted con-
centration in samples, RMSEC and PRESS values
of alurared and brilliant blue were calculated for
the colorantsin TABLE 3.

——>  FUll Paper

The root mean square error of cross-validation-
RM SEC was calcul ated for each method asfollow;

RMSEC = (PRESS/n)¥?, n: the number of pre-
dicted samples.

Thefirst step in the simultaneous determination
of the colorants by PLS involves constructing the
validation set for the quarternary mixtures of them
(TABLE 4).

The mean recoveries and the relative standard
deviations of partial least squares were calculated
and were shown in TABLE 5,6. In this study, the
statistical parameterswerefound saticfactory for the
validity PLS method. The reliable accuracy and
higher precision in application of PLS method.

In first step; the food colorants were analyzed
with UV-spectrophotometry. Tartrazine, sunset yel-
low, allurared and caramel are all highly absorbing
substancesin thevisibleregion. Figure 1 showsthe
absorbance-wavel ength (nm) curves of them.

It is seen their highly overlapping peaksin Fig-
ure 1. Because of thisreason the quantitative analy-
sis of these colorants is not possible by traditional
spectrophotometric method. The obtained results of
partial least square method were obtained from
potentiometry and spectrophotometry.

In second step; the food colorants were exam-

TABLE 5 : The obtained spectrophotometric recovery results by partial least square method

Concentration (mg/ mL)

No Caramel AlluraRd Tartrazine Sunset Yellow
1 101.10 99.85 99.85 100.00
2 100.79 100.12 9759 100.00
3 10053 98.03 98.75 99.98
4 99.87 101.78 96.26 100.03
5 100.04 100.55 98.10 100.00
6 99.25 98.14 96.36 100.03
7 97.28 97.73 10081 99.98
8 98.13 100.73 96.68 100.00
9 100.04 97.78 103.07 99.99
10 104.93 99.75 9955 100.01
11 102.29 100.93 98.29 100.03
12 99.32 99.23 99.82 100.00
13 97.65 9943 99.88 100.00
Mean 100.09 99.54 98.85 100.00
SD 2.03 131 1.9 0.02
RSD 202% 1.32% 197% 0.02%
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TABLE 6 : The obtained potentiometric recovery results by partial least square method

Concentration (mg / mL)

No Caramd AlluraRed Tartrazine Sunset Yellow
1 98.70 .49 98.63 98.78
2 99.49 102.19 96.40 99.28
3 102.76 %.69 100.26 100.00
4 98.31 101.50 100.21 100.34
5 99.76 101.11 100.25 100.08
6 96.36 100.77 97.55 98.90
7 96.69 98.86 96.40 98.06
8 99.79 100.35 100.64 10055
9 100.79 .70 100.36 10011
10 101.59 %.75 97.79 99.31
11 9757 101.74 100.03 100.60
12 100.79 97.20 99.50 98.69
13 102.40 %.96 99.26 98.11
Mean 99.62 .56 99.02 99.45
SD 205 200 152 0.89
RSD 2.05% 2.01% 1.54% 0.90%
822 - weretitrated with 0,1 M potassium hydroxide. The
1 figure showsthetitration curves of individual acids
S and also the titration curve of a mixture of four
B colorants. For the mixture, the titration curve (Fig-
ure 2) shows one inflection point, and, as is obvi-
0,16 ous, the determination of each acid by usua meth-
odsin not possible.
CALS We used partial least square regression of the
N chemometric methods. Multivariate calibrationsare
2 8.12 1 utility on spectrophometric, potentiometric and chro-
| Jo— matographic analysis. Especialy, at the same time,
g | including multi-spectral densities, significantly im-
< opa - prove the precision and predictive ability.
] Inthisstudy, the statistical parameterswerefound
BAE saticfactory for the validity PLS method. The reli-
1 able accuracy and higher precision in application of
gk - PLS method.
- Some statistical parameters were defined the
] ability of a calibration in several ways. The stan-
TR dard error of prediction (SEP) are given by the next
. : . : expression;
20| X0 m =0 i]= <]
nm N

Figure 1 : The spectrum of mixtures

ined with potentiometry. In primary experiments,
each colorant and aquarternary mixture of colorants

Z (Ciadded _ qfound )2

SEP =2 1 (3)
n —

C* : Actual Concentration, the added con-
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Figure 2 : The titration curve of mixtures
TABLE 7 : Satistical parameters for validation set
Parameter Method Spectrophotometric method
Caramel AlluraRed Tartrazine Sunset Y dlow Caramel
SEP PLS 15775 0.0133 0.0201 0.0001
Regression Coefficient PLS 0.9996 0.9997 0.9995 1.0000
Inter cept PLS 0.0008 0.0104 0.0123 7.107
Slope PLS 1.0016 09735 1.0017 1.0000
Parameter Method Potentiometric method
Caramd Allura Red Tartrazine Sunst Ydlow
SEP PLS 0.1297 0.0112 0.0164 0.0054
Regression Coefficient PLS 0.9989 0.9992 0.9997 0.9999
Inter cept PLS 0.0492 0.0003 0.0051 0.0013
Slope PLS 1.0073 0.9952 0.9960 0.9977

TABLE 8 : Recovery results obtained standart addition technique using the proposed PL S method

Sampleno. Composdtion (ug mL™) % Remvery
Caramel Allurared Tartrazine S.Yellow Spectrophotometric method
Caramel Allurared Tartrazine S.Ydlow
1 4.0 04 0.80 04 99.98 99.78 98.90 B.A
2 6.0 0.8 1.00 0.6 99.96 99.89 90.75 93.85
3 8.0 1.20 1.20 0.8 99.82 93.83 98.78 99.42
Mean 99.92 99.52 99.14 99.07
SD. 0.09 0.55 053 031
RSD 0.0%% 056% 0.53% 0.31%
Sampleno. Composition (ug mL™) % Recovay
Caramel Allurared Tartrazine S.Yelow Patentiometric method
Caramel Allurared Tartrazine S.Ydlow
1 4.0 04 0.80 04 99.85 93.72 97.85 99.04
2 6.0 0.8 1.00 0.6 98.86 99.12 98.25 99.15
3 8.0 1.20 1.20 0.8 9951 93.74 98.98 99.14
Mean 9941 93.86 98.36 99.11
SD. 050 0.23 057 0.06
RSD 051% 0.23% 0.58% 0.06%
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TABLE 9 : Determination of food colorants in commercial products using PLS method

Spectrophotometric method

No Caramel Allurared Tartrazine Sunset Yellow
1 0.050 5230 0.840 0.330
2 0.051 5440 0.750 0.420
3 0.049 5.350 0.880 0.360
Mean 0.050 5.340 0.820 0.370
SD 0.001 0.105 0.067 0.046
RSD 2.0% 20% 8.08% 12.39%
Potentiometric method
No Caramel Allurared Tartrazine Sunset Yellow
1 0.049 5390 0.830 0.350
2 0.051 5470 0.840 0.400
3 0.051 5500 0.890 0.380
Mean 0.050 5450 0.840 0.380
SD 0.001 0.057 0.045 0.025
RSD 22% 1.04% 5.35% 6.68%

centration of colorantsis,

added
G . Prediction Concentration, is the found
concentration of colorants and nisthetotal number

of the synthetic mixtures. The SEP can provide a
good measure of how well, on average, the calibra-
tion model performs. The SEP values is shown
TABLE7.

The standart of allurared, caramel tartrazineand
sunset yellow was added to the product solution for
testing the selectivity of the applied methods (stan-
dard addition method). When the obtained results
were compared with expected results, the recover-
ies were obtained excellent values (TABLE 8).

Analysisof real samples

Theexperimental resultsof two numerical meth-
ods to commercial product —Yedigiin®- blood or-
ange (madein Turkey) inthiswork shownin TABLE
9. We observed that the results sighted in two meth-
ods are very close to each other. The commercia
product was repeated three times.

CONCLUSIONS

PLS of multivariate calibration methods allow
the simultaneous determination of tartrazine, alura
red, sunset yellow and caramel in the synthetic mix-
turesand commercial food sample.

The corresponding calibrations indicated good
results both for the mixtures and commercia prod-
uct. The fit of data to a straight line (with a R*>=
0.9989-1.000) comfirms the excellent predictive
ability of the plot used in thisinvestigation.

Mean recoveries of PLS were found between
98.85-100.09 (spectrophotometry) and between
99.02-99.62 (potentiometry). For all points, low
prediction errors and high correlations coefficients
emhasize the high linear relation ship between the
predicted and actual concentrations show excellent
predictive ability of this methods.

The proposed chemometric method can be ap-
plied for the routine analysis of commercial product
without ay aprior chemical separation and without
time consuming.This simple and confident
chemometric techniques are suitable for the quality
control of food colorantsin commercia products.
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