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Abstract Food colorants are an important class of food
additives that give the first impression to consumers about
the quality of food. Ce(IV)-reducing antioxidant capacity
assay originally developed in our laboratories was adapted
to the determination of synthetic food colorants for the first
time. This method allowing for total antioxidant capacity
assay of dietary polyphenols, flavonoids, and ascorbic acid
in plant extracts is based on the room temperature oxidation
of antioxidant compounds with Ce(IV) sulfate in dilute
H,SO, solution and measurement of the absorbance of
unreacted Ce(IV) at 320 nm. The results of the proposed
method were correlated with high-performance liquid chro-
matography (HPLC) findings. Individual standard solutions,
synthetic mixtures of synthetic colorants, and colorant
extracts were identified and quantified with HPLC on a
C,g column equipped with a diode array detector, and slight
modifications on the existing HPLC method were made to
analyze synthetic colorant mixtures. This work proposes Ce
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Introduction

Food colorants are an important class of food additives
attracting the attention of consumers, and give the first
impression about the taste and quality of a food product.
They are subgrouped as natural and synthetic colorants and
controlled by the limitations of European Union (EU) and
Federal Food, Drug, and Cosmetic Act (FD&C; EC 1994;
FDA 2007.) Synthetic colorants are preferred for their low
price and high stability. However, some research studies
raise serious doubts about their possible adverse health
effects (Kapadia et al. 1998; Eigenmann and Haenggeli
2007). In the light of these risks, it is a necessity to develop
rapid, simple, and inexpensive techniques for the analysis of
food colorants in relatively less equipped conventional
laboratories.

Color in one form or another has been added to our foods
for centuries. It is known that Egyptians colored candy and
wine dating back to 400 BC (Downham and Collins 2000).
Synthetic colorants show several advantages over natural
colorants such as high stability to light, oxygen, and pH;
color uniformity; low microbiological contamination; and
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relatively lower production costs (Alves et al. 2008). How-
ever, certain researchers raise serious suspects about life-
threatening risks of synthetic colorants (Kapadia et al. 1998;
Eigenmann and Haenggeli 2007).

Many analytical methods such as molecular spectroscopy
(Lachenmeier and Kessler 2008; Altinoz and Toptan 2002;
Vallvey et al. 2002); voltammetry (Silva et al. 2007) capil-
lary electrophoresis (Ryvolava et al. 2007); spectrophotom-
etry in combination with chemometrics (Ni et al. 2009) have
been developed to identify and determine synthetic food
colorants. However, most of these mentioned methods are
time-consuming and/or have sensitivity/selectivity prob-
lems. Most preferred methods for the determination of syn-
thetic food colorants are still chromatographic techniques
coupled with ultraviolet (UV) or diode array detectors
(DADs; Serdar and Knezevic 2009; Culzoni et al. 2009;
Kirschbaum et al. 2006) There are two main problems with
the use of single-wavelength UV detectors. Firstly, different
types of food colorants have various UV—visible (UV—Vis)
spectra with different maximum absorbance wavelengths.
Thus, wavelength switching during the chromatographic run
fails as a result of long separation time of several food
colorants. The second problem is the possible overlap of
colorant peaks or the presence of other organic compounds
such as flavors in the sample. Both problems can be solved
in the case of DADs. All dyes can be detected near to their
maximum wavelength with the aid of multisignal detection
capability, and peak identity can be easily confirmed. High-
performance liquid chromatography (HPLC) methods have
been used with isocratic and gradient elution systems for the
determination of colorants in food and beverages.

It is extremely challenging to colorimetrically quantify
colorants, thus it may be more selective and accurate to
develop an analysis procedure depending on the redox
properties of colorants. Such an oxidative estimation can
also be carried out by visible spectroscopy using a chromo-
genic oxidizing agent such as Ce(IV) sulfate, the ceric
reducing antioxidant capacity (CERAC) reagent, successful
in finding the antioxidant capacity of flavanoids, phenolics,
vitamins C and E (Ozyurt et al. 2007, 2010). Since the
formal potential of the Ce(IV,III) redox couple in the pres-
ence of dilute sulfuric acid containing Na,SO, is decreased
from the standard potential of +1.61 V down to a value less
than that of citric acid (Ozyurt et al. 2010), colorants with a
redox potential less than this value can easily react with the
CERAC reagent and be determined at the maximum
absorption wavelength of Ce(IV). The most important
advantages of this method are the low cost of reagents
and instrumentation, reasonable selectivity of redox
spectrophotometry (i.e., citric acid and simple sugars
are not oxidized with Ce(IV) under optimal conditions),
and the short time of analysis when compared to other
analytical techniques.
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Materials and Methods
Reagents and Solutions

Analytical reagent-grade chemicals and milli-Q water were
used in all experiments. The colorants, tartrazine (E102),
sunset yellow FCF (E110), erythrosine (E127) were pur-
chased from Aldrich. Ponceau 4R (E124) and indigo car-
mine (E132) were obtained from E. Merck, along with the
chemicals: ammonium acetate, cerium(IV) sulfate tetrahy-
drate, sodium sulfate, concentrated sulfuric acid, and HPLC-
grade methanol. The chemical structures, common names,
and European Community numbers (E numbers) of colo-
rants are shown in Table 1. Stock solutions of colorants were
prepared at a concentration of 1,000 mg 1"" in water.

For CERAC spectrophotometric determinations, Ce(IV)
sulfate solution at 2.0x 10> M concentration was prepared
by dissolving 0.0808 g Ce(SO4),-4H,0 in water, transfer-
ring to a 100 ml volumetric flask, adding 17 ml of concen-
trated H,SO4 to prevent ceric ion hydrolysis, and diluting to
the mark with H,O. Na,SO4 at 1.0 M was prepared by
dissolving 35.50 g of the salt in water and diluting to
250 ml with H,O.

Apparatus

Reversed-phase liquid chromatography (RPLC) experi-
ments were carried out using Hitachi HPLC system consist-
ing of a pump (Hitachi L-2130 HPLC pump), a stainless
steel column packed with C18 sorbent (250 mm>4.6 mm;
Hitachi), and UV-PDA detector system (Hitachi L-2455).
The UV-Vis spectra and absorption measurements were
recorded using a Varian Cary UV-Vis spectrophotometer.
For the homogenization of the prepared stock solutions,
solutions were kept in BANDELIN RK100H model ultra-
sonic bath for 30 min.

Chromatographic Conditions

For the separation of colorants, reversed phase C18 column
system was used. The mobile phase consisted of 0.13 M
ammonium acetate solution (mobile phase A) and HPLC-
grade methanol solution (mobile phase B). Gradient elution
program was chosen to accurately separate and identify
colorants. In order to achieve full resolution of all colorants,
a variety of gradient elution programs were tested, using
different mobile phases and changing retention times. But in
all optimization experiments, the flow rate and injection
volume were kept constant as 1 ml min~' and 20 pl, respec-
tively. The optimized gradient program is shown in Table 2.
The total length of time required for separation was 35 min.

For the detection of colorants, DAD system was set to a
range of 350-800 nm, monitoring each colorant at its
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Table 1 Color index numbers, European Community numbers, common names, and chemical structures of the colorants

Color Index (CI) | European Community Common Names of Chemical Structure
Numbers Numbers of Colorants Colorants
19140 E 102 Tartrazine o
= ! ‘UH L on
15985 E 110 Sunset Yellow FCF B
73015 E 132 Indigo Carmine ]
T~
45430 E 127 Erythrosine
16255 E 124 Ponceau 4R

appropriate absorbance wavelength. Column conditioning
was maintained by passing through the mobile phase before
injection, and a mixture of water—methanol (1:1, v/v) after
injection for a minimal time period of 1 h.

Preparation of Standard and Sample Solutions

All stock colorant solutions were prepared by dissolving
100 mg of colorant in 100 ml milli-Q water. The solutions
were kept in the dark, and by appropriate dilution of stock
solutions, standard solutions in the concentration range
between 0.5 and 50 mg "' were prepared. The content of
individual food colorants in the mixed standard solutions
(synthetic mixture solutions) were also in the same concen-
tration range.

Six different real samples were purchased from the local
market and analysed for their colorant contents. For energy
drinks, dilution was not required. Powder beverage samples
such as aromatic tea and fruit juices were accurately
weighed as 1 g and dissolved in 50 ml of milli-Q water.

Table 2 Optimized

gradient elution pro- t (min) A4 (%) B (%)
gram for the separation
of colorants by HPLC- 0 100 0
DAD 2 100 0
20 45 55
30 0 100
32 0 100
33 100 0
35 100 0

Sample solutions were degassed and kept in an ultrasonic
bath for 30 min to achieve complete homogenization. The
sample solutions were injected to the chromatographic
system after filtering through 0.45um disposable syringe
filters.

CERAC Assay of Total Antioxidant Capacity Applied
to the Determination of Total Colorant Content

Add 8 ml CERAC reagent [1 ml of 2.0x107 M Ce(IV)
solution + 7 ml of 1 M Na,SO, solution] + x ml of food
colorant solution into a test tube; dilute to 10 ml with H,O
[since the Ce(IV) solution originally contains sulfuric acid,
the final H,SO,4 molarity is normally 0.3 M; however, adjust
the final sulfuric acid molarity to 0.3 M if necessary]. Let
the mixture stand for 30 min at room temperature and
measure the 320 nm absorbance (4359 ,m) due to Ce(IV)
(Ozyurt et al. 2010). Construct the calibration curves and
titration graphs for each colorant under the conditions
described above.

Spectrophotometric Titration of a Fixed Ce(IV) Solution
with Food Colorants

As described in the standard CERAC method, 8 ml CERAC
reagent [1 ml of 2.0x 10> M Ce(IV) solution + 7 ml of I M
Na,SO, solution] was taken, and titrated with increasing
volumes of the food colorant solution, and the absorbance
at 320 nm was recorded as a function of colorant concen-
tration (exemplified with sunset yellow FCF), the total
volume being kept at 10 ml with appropriate dilution.
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For controlling the parallellism of titration curves, a fixed
volume (0.5 ml) of beverage (exemplified with orange pow-
der beverage containing sunset yellow FCF) was added to
8 ml CERAC reagent, and different volumes of the colorant
(changing between 100 and 1,500 pl) were added as titrant,
the total volume being kept at 10 ml with appropriate
dilution.

Results and Discussion
Optimization of the Chromatographic Separation Method

A simple and fast chromatographic method for the determi-
nation of five synthetic food colorants was developed,
involving RP-HPLC consisting of a nonpolar or slightly
polar stationary phase and a strongly polar mobile phase
such as acetonitrile, methanol or water. The accurate analy-
sis of food colorants is based on the appropriate conditions.
The most important property in maintaining the right con-
ditions is hydrophobic properties of assayed colorants and
the acidic groups present in their molecules. Hydrophobicity
of azo-dyes and dyes with naphtelene ring is generally
higher than that of the rest of dye molecules. Therefore,
for improving separation and shortening time of analysis,
inorganic electrolytes are added to the mobile phase. The
suitable modificator is often an ammonium acetate buffer at
optimal concentration above 0.1 M (Kucharska and Grabka
2010). Higher concentrations of buffer solution cause
lengthening of retention time as a result of salting-out effect.
In the chromatographic analysis of food colorants, 0.13 M
of ammonium acetate buffer solution was chosen to be the
most suitable eluent for mobile phase A. Earlier studies in
literature recommended a mixture of methanol and acetonitrile
for mobile phase B (Minioti et al. 2007) since acetonitrile
could improve the asymmetry of the peaks. Neverthe-
less, in the analysis of five synthetic colorants in this
work, the presence of acetonitrile was neither required
for the symmetry of peaks nor for eliminating resolution
problems.

For the optimization of gradient elution program, a stan-
dard mixture solution of five synthetic colorants at 5 mg 1"’
concentration value was used. In the first 2 min, mobile
phase A was passed through the column for the removal of
inorganic impurities. Between the 30th and 32nd min,
mobile phase B was passed to remove organic impurities.
The last 2 min were necessary to prepare the column for the
next run.

Under these optimized conditions, five food colorants in
admixture were analyzed (chromatogram shown in Fig. 1)
by scanning the wavelength range from 350 nm to 800 nm.
The software used to process data enables the calcula-
tion of the retention time (fg) and peak area. The flow
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Fig. 1 The chromatogram of standard colorant mixture solution. (Col-
orant mixture consists of 1: E102, 2: E132, 3: E110, 4: E124, 5: E127,
respectively. The concentration of all five colorants is 5 mg L', and
flow rate is 1 mLmin )

rate was fixed to 1 ml min~', since at higher flow rates,
high-pressure build-up in the chromatographic column
was observed.

Validation of the Chromatographic Method

Maximum absorbance wavelengths and retention times for
the five colorants are shown in Table 3 with their calibration
line equations, calibration coefficients (as R?), retention
times (fr), linear concentration range, and limits of detection
(LOD). Calibration graphs were constructed using peak area
(A) versus concentration (mg I™") of each colorant.

CERAC Assay of Total Colorant Determination

CERAC method was first developed by Ozyurt et al. (2007)
and later modified in by Ozyurt et al. (2010) to improve
selectivity for the determination of total antioxidant capac-
ity. The method is based on the oxidation of phenolic anti-
oxidants with tetravalent cerium at room temperature. The
advantage of the method is its simplicity, low cost, and
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Table 3 Chromatographic analysis data of the colorants using the optimized gradient program

Peak Colorant Amax trESD (min) Calibration equation: 4 = mC LOD Linear range R?

(nm) [n=10] (mg 1) +n (gl (mg 1)

1 E102 427 14.58+0.03 A=(37.98x10H)C+(11.13x10% 1.85 0.5-50.0 0.9997
2 E132 608 16.11+0.01 A=(8.09x10HC+(7.02x10% 5.08 0.5-50.0 0.9997
3 E110 482 19.38+0.03 A=(14.58x10%H)C+(12.51 x10%) 3.96 0.5-50.0 0.9999
4 El124 508 19.40+0.02 A=(13.24x10%)C+(10.72x 10% 19.2 0.5-50.0 0.9998
5 E127 528 28.70+0.03 A=(38.48x10%)C+(10.68x10%) 6.60 0.5-50.0 0.9996

applicability to conventional laboratories without high-level
instrumentation (Ozyurt et al. 2007). The redox potential of
the Ce(IV) oxidant in the modified assay (Ozyurt et al.
2010) was fine-tuned in 0.3 M H,SO4 + 0.7 M Na,SO,4
aqueous medium so as to selectively oxidize true antioxi-
dants but not citric acid, simple sugars, and other pharma-
ceutical ingredients, constituting the basic novelty of this
work to antioxidant research. This main idea of the CERAC
method was applied to the determination of food colorants
by constructing their calibration curves (as Ce(IV) absor-
bance at 320 nm versus colorant concentration) and calcu-
lating their indirect absorptivities (with respect to their Ce
(IV) reducing power) from the slopes of these lines.
Standard calibration and/or spectrophotometric titration
curves of five synthetic food colorants were redrawn
both in water and in a real sample matrix so as to
observe the parallelism between the calibration lines.
This parallelism indicated the absence of chemical devia-
tions from Beer’s law in the determinations. The absorption
coefficients (indirect molar absorptivities) and linear con-
centration ranges of the tested colorants are given in
Table 4.

The spectrophotometric titration data of the tested colo-
rants showed that the total colorant content of the real
sample solution may be precisely calculated without chem-
ical interactions among constituents (i.e., the observed
absorbances were additive). Sunset yellow in orange powder
beverage was chosen as a representative sample to verify the
parallelism between the left arms of the spectrophotometric

titration curves (Fig. 2) of a fixed Ce(IV) solution with the
analyte colorant alone and analyte in beverage, indicating
the absence of chemical deviations from Beer’s law in the
selected spectrophotometric procedure. Before the equiv-
alence point was reached, absorbance at 320 nm (Asjg)
decreased with colorant concentration due to Ce(IV)
consumption, and beyond the equivalence point, Asz,q
increased with concentration due to the inherent color of
the colorant.

Results of Beverage Sample Analyses

The beverage samples were prepared and analyzed as
described in “Preparation of standard and sample solu-
tions.” The individual contents of the analyzed beverage
samples were found with the aid of the calibration
curves drawn as HPLC peak area vs. concentration
(Table 3). The sum of the individual concentration val-
ues found for each colorant was compared with the
colorant content (on a molar basis) achieved by the
modified CERAC method of spectrophotometric titration
(Table 5).

Conclusions
In this study, determination of five synthetic food colorants

was investigated using chromatographic and spectrophoto-
metric methods. HPLC analysis of colorants was performed

Table 4 The indirect molar absorptivities (¢) and linear concentration ranges of the tested colorants with respect to the CERAC method (N=5)

Name of colorant e (L mol ' cm™) Linear range (mol D} Calibration equation: 4 = mC (mol I™Y+n R?

Tartrazine 1.05x10* 9.36x10°-74.86x10°° A=—-1.05x10*C+1.05 0.9446
Ponceau 4R 1.43x10* 6.57x10°-52.59x10°° A=-143x10*C+1.01 0.9789
Eryhtrosine 7.61x10* 5.98x107°-119.63x107° A=-7.61x10°C+1.23 0.9099
Sunset yellow FCF 2.03x10* 9.93x107°-88.42x10° A=-2.03x10*C+1.20 0.9918
Indigo carmine 2.11x10* 10.72x107°-85.77x10°° A=-2.11x10*C+1.01 0.9919
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Fig. 2 Spectrophotometric titration curves of a fixed Ce(IV) so-
lution with Sunset Yellow FCF alone and with the same colorant
in orange powder beverage. a m Titration curve with Sunset
Yellow FCF [1 ml of 2.0x107> M Ce(IV) solution + 7 ml of
1 M Na,SO4 solution + x ml colorant solution + (2.0-x) ml

using PDA detector system, monitoring each colorant at its
maximum absorbance wavelength. The selected mobile
phase for the gradient elution program enabled the shorten-
ing of total analysis time when compared to other chromato-
graphic methods. Furthermore, since acetonitrile as the
conventional solvent was not used in the eluent, solution
costs were minimized. Food colorants are regulated by the
legislations issued by EU, FD&C, or by the own directives
of a country. These regulations limit the usage of colorants
during the production process of foods or beverages by
controlling the quantities of each colorant. However, the
total colorant content may be useful in some cases for rapid
monitoring of colorants. By adapting the novel spectropho-
tometric CERAC assay of total antioxidant capacity to the
determination of total food colorant content, certain bever-
age or food samples were easily and accurately analyzed.

water]. b A Titration curve with sunset yellow FCF in orange
powder beverage [1 ml of 2.0x107> M Ce(IV) solution + 7 ml of
1 M Na,SO, solution + 0.5 ml beverage + x ml colorant solution
+ (1.5-x) ml water]

The total colorant content was found at low reagent and
instrumentation costs with the use of a UV—vis spectropho-
tometer easily found in a conventional laboratory equipped
with simple instruments. Moreover, simple sugars and citric
acid, which are not colorants, are not oxidized in the
CERAC method and therefore do not yield errors in colorant
content calculations. For future prospects of this study,
HPLC technique and CERAC method are planned to work
together in an online post-column system, enabling the mon-
itoring of colorant content in food and beverage samples as
fingerprints. In such a system, HPLC column effluents are first
detected at a fixed-wavelength UV—Vis detector, and the
colorants may be further reacted with the CERAC reagent in
a post-column reactor coil to reach a fluorescence detector for
measuring the emerged Ce(Ill) or a UV—Vis absorbance
detector for measuring Ce(IV) consumption.

Table 5 Comparison of food colorant contents individually found by HPLC and totally found by CERAC methods in real sample solutions (N=3)

Content of individual

food colorants found

by HPLC method

(mean concentration mol 17"

Name of the sample

Total content of food
colorant calculated by
CERAC method

(mean concentration mol 1)

Total content of food
colorant calculated by

HPLC method

(mean concentration mol 17"

E102: (15.89+0.01)x10">; E110:
(3.11£0.01)x107°
E102: (6.21£0.03)x107°

E102: (0.85+0.03)x107>; E110 :
(2.34+0.01)x10°°

E102: (0.24+0.02)x10">; E110:
(2.34+0.02)x10°

E102: (0.24+0.02)x10°

E110: (4.42+0.03)x 107

Orange beverage

Mixed flavored fruit beverage

Peach beverage
Orange powder beverage

Lemon powder beverage

Energy drink

(19.0040.02)x 107> (20.12+0.55)x 107>

(6.21£0.03)x107°
(3.19+0.04)x 107>

(6.65+0.22)x107°

(4.20+0.10)x107°
(2.58+0.03)x107° (3.12+0.11)x 1073

(0.24+0.02)x107°
(4.42+0.03)x107°

(0.41+0.04)x107°
(5.78+0.07)x107°
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