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Abstract A new, simple, sensitive, and inexpensive meth-
od for simultaneous determination of binary mixtures of
food colorants, carmoisine and ponceau 4R, which are
species with highly overlapped spectra, by using H-point
standard addition method (HPSAM) is proposed. Absor-
bances at the two pair of wavelengths, 460 and 549 nm or
490 and 541 nm, were monitored while adding standard
solutions of carmoisine or ponceau 4R, respectively. The
accuracy and reproducibility of the determination method
for various known amounts of carmoisine and ponceau 4R
in their binary mixtures were evaluated. This method was
satisfactorily applied for the determination of carmoisine
and ponceau 4R in synthetic binary mixtures and several
commercial products. The total relative standard error for
applying the HPSAM to five synthetic samples was 3.26%
or 4.96% with carmoisine or ponceau 4R addition,
respectively.

Keywords H-point standard addition method -
Spectrophotometry - Colorants
Introduction

Color is a vital constituent of food and probably the first
characteristic perceived by the human senses. Probably, for
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economic reasons, brightly colored and stable synthetic
colorants have been widely used as food additives. These
dyes are used to supplement and enhance natural colors
destroyed during processing or storage and substantially
increase the appeal and acceptability of food stuffs. The
term color additive can be applied to any dye, pigment, or
other substance artificially made or obtained from a
vegetable, animal, mineral, or another natural source
(Branen et al. 1989). Some synthetic colorants and their
metabolic products that are consumed in large amounts may
be toxic and cause cancer, deformation, etc. (Vries 1996).
Therefore, safety data for every synthetic colorant food
additive have been repeatedly determined and evaluated.
Carmoisine (E 122) and ponceau 4R (E124) are synthetic
dyes that contain azo and aromatic ring structures and are
often used in dyeing food, drink, medicine, and cosmetics.
Chromatographic methods have been used for colorant
analysis in food, and they are recommended when the
mixture contains many different colorants (Dossi et al.
2006; Garcia-Falcon and Simal-Géndara 2005). Several
simultaneous determinations of colorants in foods have
been also reported by electro-analytical methods and
capillary electrophoresis (Dossi et al. 2007; Prado et al.
2006). Generally, spectrophotometry is used in determining
these colorants, and due to serious spectral overlap,
separation is often required. To avoid time-consuming
clean-up procedures, attempts to resolve complex spectra
by using instrumental approaches or various chemometric
methods have been made. Derivative techniques (Altionz
and Toptan 2002; Altinoz and Toptan 2003; Kiroglu
and Ozdemir 2000) and multivariate statistical analysis
(Koyuncu et al. 2003; Oveisi et al. 2003; Dinc et al. 2002;
Lopez-de-Alba et al. 2002; Pravdova et al. 2002; Berzas
Nevado et al. 1999) have been successfully applied to the
multi-component analysis of mixtures by UV/Vis molecular
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absorption spectrophotometry. All these approaches are
useful for the reduction of band-overlapping errors in
quantitative analysis, but they are often used for more
complex mixtures. In 1988, Bosch-Reig and Campins-
Falco (1988) presented a new technique, H-point standard
addition method (HPSAM), that was based on the principle
of dual wavelength spectrophotometry and the standard
addition method. They further studied its principle and
application (Bosch-Reig et al. 1991, 1993; Campins-Falco
etal. 1992a, b, ¢, 1995). The greatest advantage of HPSAM
is that it can remove the errors resulting from the presence
of an interfering and blank reagent (Bosch-Reig et al.
1994). HPSAM was applied for the resolution of binary
mixtures (Eskandari and Bagherian Dehaghi 2004) and then
has been developed for ternary samples (Ni et al. 2001).

In the first publications, the HPSAM was applied to UV-
Vis spectrophotometry; later, it was also extended to liquid
chromatography with diode array detection (Bosch-Reig
and Campins-Falco 1988) and spectrofluorimetry (Yang et
al. 1996). Very accurate results are reported even for
extensively overlapping in UV-visible spectrophotometry
(Hund et al. 1999).

In this present work, a selective, sensitive, simple, and
low-cost procedure for simultaneous determination of
carmoisine and ponceau 4R by using HPSAM is suggested.

Materials and Methods
Apparatus

A UV-Visible Cintra 40 double-beam spectrophotometer
equipped with a 1.0-cm path length glass cell and
connected to an IBM Pentium 100 computer was used.
All spectra were recorded with a scan speed of 1,000 nm
min ' at 0.427-nm intervals against a blank of deionized
water containing acetate buffer solution (pH=4.5) in the

ratio of 4:1. The pH of the solutions were measured with
Metrohm 713 pH meter (Metrohm, Switzerland).

Reagent

All reagents were of analytical-reagent grade, and double-
distilled water was used throughout. Carmoisine (E 122, C.
I. 14720, Food Red 3), also named Azorubin or Chromo-
trope FB, and Ponceau 4R (E124, C.I. 16255, Food Red 7),
also named New Coccine or Cochineal Red, were obtained
from the Institute of Standard of Industrial Research of Iran.
The crystalline of colorants was dried at 65 °C for 6 h.
Stock solutions of each colorant were prepared at a
concentration of 1 mg ml™' in buffer that is stable
approximately for 1 month and diluted to 100 pg ml™" for
use. A buffer solution was prepared from acetic acid and
sodium acetate (pH=4.5, 0.2 M). MN-polyamide-SC 6
adsorbent and TLC plastic sheets (Silica gel 60 F,s4) were
purchased from Merck (Darmstadt, Germany). Phosphate
buffer solutions (pH 1-10, with step one, 0.2 M) were used
for evaluating the pH influence on color absorption spectra.
The ammonia solution (pH=11) was used for desorbing
colorants.

Individual Calibration

Each of two colorant solutions (100 pg ml™") was prepared
from stock solutions of each colorant in 25 ml volumetric
flask individually. The spectra of carmoisine shows a
maximum at 515 nm, and ponceau 4R shows a maximum
at 508 nm (Fig. 1). To verify the governing Beer’s law,
2.0 ml of acetate buffer solution (pH 4.5) and adequate
volumes of individual considered colorant solution (100 pg
ml™") were placed into a 10-ml volumetric flask, made up
to the mark with double-distilled water, and the calibration
curves were constructed over the A=515 nm for carmoisine
and 508 nm for ponceau 4R. These calibration curves were

Fig. 1 Absorbance spectra of
20 pg/ml a carmoisine and b

ponceau 4R in the range of 200—
800 nm at pH=4.5
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Table 1 Accuracy of the method for simultaneous determination of
carmoisine and ponceau 4R in the different binary mixtures

Theoretical Found recovery Found recovery
concentration carmoisine added ponceau added
(ngml™)
Ponceau Carmoisine Ponceau Carmoisine Ponceau Carmoisine
9 4 99.11  101.75 107.44 97.00
8 6 100.25 94.67 97.5 101.83
6 9 98.67 96.22 90.16 102.44
11 6 95.09  107.00 102.73 94.33
7 15 97.14 101.47 97.71  105.53

prepared for each colorant separately and in the presence of
a fixed amount of other colorant. The appropriate correla-
tion coefficients obtained (in the range 0.9981-0.9999)
indicate that the interaction between the two colorants dose
not exist. Individual calibration curves were constructed
with several points, as absorbance versus colorant concen-
tration in the range of 1-50 pg ml™' for carmoisine and 1—
40 pg ml' for ponceau 4R and evaluated by linear
regression. The intercepts on the ordinates were negligible
in the calibration curves. For simultaneous calibration, a set
of calibration solutions containing 2.0 ml acetate buffer
(pH=4.5) and appropriate volume of carmoisine and
ponceau 4R were prepared. Simultaneous determination of
carmoisine and ponceau 4R with HPSAM was performed
by measuring the absorbances at 460 and 549 nm (when
standards of carmoisine were added) or 490 and 541 nm
(when standards of ponceau 4R were added) for each
sample solution. For validation procedure, five synthetic
samples (Table 1) containing different concentration ratios
of carmoisine and ponceau 4R were prepared, and standard
additions of carmoisine and ponceau 4R were made. The
concentration range of carmoisine and ponceau 4R for
construction of HPSA calibration graph were 1-50 pg ml ™'

v =0.0174x +0.2276
R2=0.9997 , 549nm

Abs. (Absorption unit)

0.5 1

y=0.01x +0.2043
R?=0.9993 , 460nm

-10 0 10 20 30 40
C added (pg/ ml)

Fig. 2 Plot of H-point standard addition method in 460 and 549 nm
for simultaneous determination of carmoisine and ponceau 4R in
solution containing 2.5 pg ml~' carmoisine and 10 pg ml ™' ponceau
4R when different standard carmoisine solutions are added
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Fig. 3 Plot of H-point standard addition method in 460 and 549 nm
for simultaneous determination of fixed amounts of carmoisine with
different amounts of ponceau 4R when different standard carmoisine
solutions are added

and 1-40 pg ml™', respectively. For the analysis of real
samples, the same procedure was repeated.

Commercial food sample preparations

Treatment of drink Twenty-five milliliters of the sample
was transferred to a 50-ml volumetric flask and diluted to
the volume with deionized water. The pH of this solution
was then adjusted to 4.5 with 20% citric acid.

Treatment of candy The candy was ground with a mortar
and pestle, 45 g of this sample dissolved in 100 ml of
deionized distilled water, and gently warmed to dissolve

1.5 1 @ carmoisine]12.5ug/ml

A carmoisine 10 pg/ml
O carmoisine 5 pg/ml

m carmoisine 2.5 pg/ml

Abs. (Absorption unit)

T A4 T T T 1

-10 0 10 20 30 40
C added (pg/ml)
Fig. 4 Plot of H-point standard addition method in 490 and 541 nm
for simultaneous determination of fixed amounts of ponceau with
different amounts of carmoisine when different standard ponceau 4R
solutions are added
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Table 2 Percentage of error in determining concentration of carmoi-
sine and ponceau 4R in binary mixtures

Colorant RSE (single) Carmoisine is RSE (single) Ponceau 4R
matter added is added

Carmoisine  3.37 4.72

Ponceau 4R 3.13 5.21

RSE (total) 3.26 4.96

completely. The pH of the solution was then adjusted to 4.5
with 20% citric acid.

Treatment of chocolate in crisp sugar shell Five grams of
this sample was transferred into a baker. For dissolving dye
without dissolving titanium dioxide (the shell), 6 ml
acetone was added; after 1 min, 2 ml of distilled deionized
water was added and shook slowly. A solution of acetone
and water (3:1) was prepared and added several times into
the baker to dissolve the remained color. The obtained
solution was filtered and warmed to remove the acetone by
a rotary evaporator. The pH of the solution was then
adjusted to 4.5 with 20% citric acid.

Treatment of pediatric grip syrup Fifty milliliters of the
sample was transferred in to a 100-ml volumetric flask. The
volume was adjusted to 100 ml with deionized distilled
water. The pH of the solution was then adjusted to 4.5 with
20% citric acid.

Further treatment of food samples The solutions obtained
above were then warmed on a water-bath, and the
temperature was let to increase to 70 °C. A 0.5 g of
polyamide adsorbent was added, and the mixture was
stirred vigorously to adsorb all the colorants in the solution
(if the solution still had some color, a small further amount
of polyamide adsorbent should be added). The mixture was
filtered, and the adsorbent was washed thrice with 20 ml
citric acid solution (20% v/v, pH=4.5) at 70 °C and then
several times with distilled water of 70 °C. The prepared

adsorbent was then washed by solution of alkaline-
ammonia (pH=11) several times to desorb all the colorants.
The solution collected was warmed on a water-bath to draw
out all the ammonia and then transferred in to a volumetric
flask with appropriate volume (due to the amount of color);
2 ml of acetate buffer solution (pH=4.5) was added and
diluted with distilled deionoized water. The colorants type
in these food samples were detected by thin-layer chroma-
tography method (butanol/acetic acid/water, 4:1:1) and then
analyzed by the proposed method.

Results and Discussion

HPSAM is a modification of the standard addition method
that permits transformation of the indeterminate error
resulting from the presence of a direct interferent in the
determination of an analyte into a systematic constant error
that can be evaluated free from bias error. The basis of the
method permits the determination of two species with
extensively overlapped spectra (Bosch-Reig and Campins-
Falco 1988) and corrects both proportional and constant
errors originated from matrix of the sample and interferent.
The method is based on selecting two pairs of independent
variables in such a way that in each pair, the analytical
signal, due to one of the species, is constant and for another
one as different as possible. Two pairs of standard addition
plots can be obtained by plotting the analytical signals in
two pairs of selected independent variables versus the
analyte concentrations that are added to the sample solution
simultaneously and in a constant ratio. Each pair of plots
has an intersection point that its coordinate on the
concentration axis is —CA.

Influence of pH

The influence of pH on the absorption spectra for solutions
of ponceau 4R and carmoisine (20 ug ml™') was studied.

Table 3 Determination of car-

moisine and ponceau 4R in Commercial sample Concentration”
commercial samples by H- —
point standard addition method Carmoisine Ponceau 4R
Result Claimed Result Claimed
Drink 1 132.43+3.14 135.23 98.31+2.41 100.60
Drink 2 77.9642.12 80.89 ND® 0.00
Drink 3 78.92+2.35 80.14 ND 0.00
Drink 4 59.15+2.91 61.32 38.08+1.71 39.24
The values are given in mg Chocolate in crisp sugar shell 535.47+4.09 540.12 ND 0.00
1! for soft drink and mg kg71 Candy 30.37+1.82 31.29 ND 0.00
for the others. Pediatric grip syrup ND 0.00 38.69+1.69 40.08

> Not detected
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To establish a suitable pH for this study, a range between
1.0 and 10.0 pH values with one step was examined
obtaining the following results: carmoisine shows a
maximum at 515 nm whose absorbance decrease over
pH 9.0 values but no significant change was observed for
ponceau 4R in the 1.0-10.0 pH range. Therefore, there was
not any significant difference between pH ranges, and the
pH value of 4.5 was selected in this research.

Wavelength Selection

When caimoisine is selected as an analyte, some pairs of
wavelengths showing the same absorbances for the ponceau
4R are possible. When selecting one pair of wavelengths
for obtaining good accuracy, absorbance differences at the
two wavelengths for the carmoisine must be considered as
high as possible. Based on the spectra of the carmoisine and
poncea 4R (Fig. 1), one of the best pairs of wavelengths are
460 and 549 nm. With these wavelengths, almost maximum
sensitivity differences are attainable. HPSAM can also be
applied by addition of standard solutions of ponceau 4R.
For this purpose, one pair of wavelengths must be selected
as analytical for ponceau 4R. The selected wavelengths are
490 and 541 nm. Figure 2 shows the H-point standard
addition plot for the simultaneous determination of carmoi-
sine and ponceau 4R using the selected wavelengths when
carmoisine was added.

Accuracy of the Method

Several experiments for evaluating HPSAM on the deter-
mination of carmoisine and ponceau 4R in a series of
samples containing fixed amounts of carmoisine with
different amounts of ponceau 4R (Fig. 3) or fixed amounts
of ponceau 4R with different amounts of carmoisine
(Fig. 4) were carried out by the addition of carmoisine
and ponceau 4R, respectively. The accuracy of the method
for both colorants addition was evaluated using 490 and
549 nm wavelength when carmoisine was added and the
two other wavelength (490 and 541 nm) when ponceau 4R
was added. The proposed HPSAM also was applied to the
resolution of five synthetic mixtures of the two colorants.
The composition of the mixtures is shown in Table 1. The
prediction ability of HPSAM for each colorant can be
described in terms of the relative standard error (RSE),
which is the square root of the mean square of the error in
the prediction.

N 0.5

S (¢-¢) i (c)

J=1

RSE(single) = 100

Where N is the number of samples, C; is the concentra-
tion of the colorant in the jth mixture and C; is the

@ Springer

estimated concentration. The total prediction error of N
samples is calculated as follows:

RSE (total) = 100 [iv: f: (Cj—

i=j j=I

0.5

Cy)’ / i:i (C)°

J=1

Where Cj; is the concentration of the ith colorant in the
Jjth mixture and (A?ij is its estimation; N is total number of
samples, and M is total number of components. Table 2
shows reasonable single and total relative errors for such a
system. The results show that the carmoisine and ponceau
4R concentrations in the samples have been determined
accurately, but the single and total relative standard errors
for ponceau 4R addition were relatively more than
carmoisine (Table 2). Therefore, the question of applicabil-
ity of the proposed procedure to carmoisine and ponceau
4R determination has been clarified.

Application to Real Samples

The proposed method was used to determine the amount of
colorant in some commercial samples. The accuracy of the
method was verified by means of recovery assay. This was
accomplished by an analyzing sample solution and spiked
(enriched) samples. The average recovery obtained for
carmoisine and ponceau 4R were 97.55 and 97.10,
respectively. The analytical results obtained from the
samples show that they are quite acceptable and consistent
with those of the nominal contents provided by the
manufacturers (Table 3). The HPSAM was applied to
determine carmoisine and ponceau 4R simultaneously.
The proposed simple method offers sufficient selectivity
and sensitivity reproducibility in a wide range concentration
of carmoisine and ponceau 4R.
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