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Abstract

A green chromatographic analytical method for determination of Tartrazine, Brilliant Blue and Sunset Yellow in food samples is proposed.
The method is based on the modification of a C18 column with a 0.25% (v/v) Triton X-100 aqueous solution at pH 7 and in the usage
of the same surfactant solution as mobile phase without the presence of any organic solvent modifier. After the separation process on tf
chromatographic column, the colorants are detected at 430, 630 and 480 nm, respectively. The chromatographic procedure yielded preci
results and is able to run one sample in only 8 min, consuming 15.0 mg of Triton X-100 and 38.8 mg of phosphate. When the flow rate of
the mobile phase is 1 ml min the retention times are 2.1, 3.6 and 7.0 min for Tartrazine, Brilliant Blue and Sunset Yellow, respectively; and
all peak resolutions are ca. 2. The analytical curves present the following linear equations: area2¥ 2210 [Tartrazine] (R=0.998,
n=7); area=1.09 10+ 3.75 16 [Brilliant] (R =0.9995,,=7) and area=-7.34 1¢ + 2.33 16 [Sunset] (R=0.998),n =7) and, the limits of
detection for Tartrazine, Brilliant Blue and Sunset Yellow were estimated as 0.125, 0.080 and 0.143Witgn the proposed method is
applied to food samples analysis, precise results are obtained (R.S.Dr<S8)oand in agreement with those obtained by using the classical
spectrophotometric method. The traditional usage of organic solvent as mobile phase in HPLC is not used here, which permits to classify th
present method as green.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the amount of chemical waste that is generated during the
analysis should be minimal. Nowadays we see the advent
There are several definitions to analytical chemistry and of the methodologies that eliminate or minimize the utiliza-
to what the analytical chemists do. In general, “Analyti- tion of organic solvent and toxic reagents. Among them, we
cal Chemistry seeks ever improved means of measuring thecan emphasize solid-phase extraction methodolddjebat
chemical composition of natural or artificial materials” and eliminate and minimize the usage of liquid—liquid extraction;
the Analytical Chemists is the person that works to “improve the solid-phase spectrofotomefB} that minimizes the usage
the reliability of existing techniques to meet the demands for of toxic reagents and the organic solvents; flow analjgis
better chemical measuremenfd]. Nowadays, the society  that minimizes the amount of the waste generated and the
claim for the development of new analytical methods where bead injection methods for metallic ions determinatipfis
the later good characteristics as selectivity and sensitivity that combine the better characteristics of the flow analysis,
are not sufficient, the modern analytical methods needs tosolid-phase spectrophotometry and solid-phase extraction.
be Green[2,3]. In this way, the chemists should develop Associated with the tendency for Green Analytical Meth-
analytical methods that not use hazardous reagents and thabds is the necessity for better control of the quality of the
foods as people are worried about their heath and, it is known
* Corresponding author. Tel.: +55 442614334; fax: +55 442635784, thatsome food additives, when are presentin high concentra-
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with the free commerce, countries that want to export foods use, through a 0.45m membrane filter. The critical mecellar
should give guarantees of their qualities. concentration (CMC) of Triton X-100 is 0.18% (v/v).
Colorants are added to foods to make them more attractive
[9], replacing their natural color that can be lost during the 2.2. Samples
industrial process or to avoids variations in the color of the
final product[10]. The trouble is that some synthetic azo The artificial juice and gelatin samples were homoge-
dyes can be noxious to the human health and when in contachized; ca. 2.0g was weighed and dissolved in hot water
with some drugs can cause allergic and asthmatic reactiong60°C). After cooling, the sample was transferred to a volu-
to some peopl§ll], induced the development of can§&?] metric flask and the volume was adjusted to 50 ml with water.
and others diseasgk3]. In this way, in the last years efforts  Finally, the samples were filtered through a Qu4B mem-
have been made to control and to limit the amount of synthetic brane filter.
colorants that are added in foddsgl], whereas the more toxic
dyes have been banndd]. Inthisway, itisnecessarytohave 2.3. Liquid chromatography and separation conditions
efficient methodologies to control the amount of colorants in
foods. Chromatographic separation was carried out using a Var-
There are a lot of analytical procedures to carry out the ian ProStar System with Star Chromatography Worksta-
determination of dyes in foods, such as spectrophotometrytion and LC control software (Varian Analytical Instru-
[16], solid-phase spectrophotome[8y, voltametry[17] and ments) comprising a ProStar 240 solvent delivery mod-
chromatographjl5]. As normally, the final color of the food  ules, a Model ProStar 410 AutoSampler with a sample loop
is composed by a mixture of two or more colorants dyes, of 20ul, a Model ProStar 330 photodiode array detector
it is necessary to have a method that is able to determineswith the Polyview 2000 program and a microsorb C18
multi-components, thus a preference is given to the chromato-250 mmx 4.6 mm column with particles of pm equipped
graphic method as the spectrophotometric ones, sometimesvith a microsorb C18 10 mm 4 mm guard column. All the
suffer spectral interferences that cannot be solved by theexperiments were conducted at room temperature. Before
derivative ratio spectra methods. analysis, the column was conditioned making the mobile
As the chromatographic method is elected to determine phase flows through the system for 20 min at 1.0 mIthin
dyes in foods, and normally this method cannot be consid- During the chromatographic separation the mobile phase was
ered Green due to the utilization of several organic solvents kept isocratic, at 1.0 mlmint and the acquisition of the data
as mobile phase, the present work proposes a new Greerwere done at 426, 480 and 630 nm to Tartrazine, Sunset Yel-
Chromatographic Method to determine Tartrazine, Brilliant low and Brilliant Blue, respectively.
Blue and Sunset Yellow in foods. Here, to avoid the com-  For quantitative determination external calibration was
mon usage of organic solvent as mobile phase, a surfactanused plotting peak area (y) versus injected amount (x;Hg |
is utilized to vary the polarity of the water and to change The LODs (n= 3) were calculated by using a signal-to-noise
the characteristics of the C18 chromatographic column. It is ratio of 3.
known that surfactant in aqueous solutions can be organized
in micelles that are able to interact with organic compounds 2.4. System optimization
and thus, increase the solubility of non-polar molec{d&§
inaqueous medium. Here, the strategy is utilized to determine  For system optimization the main important parameters,
dyes in food samples using as mobile phase only surfactantsuch as buffer concentration, surfactant concentration, pH
in aqueous medium becoming the chromatographic methodsand eluant flow rate were investigated. It should be stressed
more green. that for pH optimization acetate and phosphate buffer solu-
tions were used and that the colorantg@®ere determined
by using potentiometric titration and the modified Gran func-
2. Experimental tion [19].

2.1. Reagent and solutions
3. Results and discussion

The colorants standard stock solution, 1000 g ivas
prepared by dissolving 0.1000 g of Tartrazine (Aldrich), Bril- In the development of the green chromatographic method
liant Blue (Aldrich) and Sunset Yellow (Sigma) dye stuffs in  for determination of Brilliant Blue, Tartrazine and Sunset
100 ml of HPLC-grade water, and the working standard solu- Yellow it was decided that all reagents should be as green
tions (0.0-50.0 mg1il) were prepared by proper dilution of as possible and that the selected stationary phase should be
the stock solution. familiar to all HPLC laboratories. In this way, a C18 column

The mobile phase was prepared dissolving 0.25 ml of Tri- was elected as stationary phase and the mobile phase should
ton X-100 (Sigma) up to 100 ml with 50 mmol} phosphate be an aqueous solution. Then, all the subsequent experiments
buffer solution at pH 7 and, the solution was passed, before were planned with the above mentioned strategy in mind.
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compounds when a C18 column and aqgueous solutions is
used as mobile phase is: Tartrazine, Brilliant Blue and Sun-
set Yellow.

Tartrazine, Brilliant Blue and Sunset Yellow are very sol-
uble in water as they are charged in pH 7 and present low
affinity by the stationary phase (C18) due to the non-polar
characteristics of the C18 group. Thus, it is not possible to
get the separation of the three colorants using only water as
mobile phase, as any interaction with the column occurs and
the colorants will be eluted together. The usage of a non-ionic
surfactant as mobile phase is proposed here to circumvent this
problem. With this strategy, the mechanism of the separation
is changed as the surfactant is absorbed by the stationary
phase increasing its polarity and, at the same time, the sol-
vent characteristics are changed too, as the presence of the
surfactant induces the formation of micelles. In this way, the
C18stationary phase in the presence of Triton X-100 becomes
more polar, whereas the charges of the colorant molecules are
stabilized due to the presence of the micelles, becoming pos-
sible to get the separation of Tartrazine, Sunset Yellow and
Brilliant Blue using a C18 column as stationary phase and an
aqueous Triton X-100 surfactant solution as mobile phase.

During the separation process the concentration of the
Triton X-100 aqueous solution was fixed as 0.25% (v/v) as
the better compromise among chromatographic resolution,
analytical frequency, sensitivity and less consumption of sur-
factant and consequently less waste generation (Fig. 2). It

Brilliant Blue is a triarylmethane compound whereas Tar- was observed that the resolution is inversely proportional to
trazine and Sunset Yellow are azo dye colorants (Fig. 1). the Triton X-100 concentration in the range of 0.25-1.0%
As the hydrophobicity of non-azo colorants is weaker than (v/v). When the surfactant concentration in the mobile phase
those of azo colorants, this difference can be exploited to is lower than 0.25% (v/v) any separation occurs, demonstrat-
carried out their chromatographic separation. Other charac-ing that the mobile phase did not interact with the stationary
teristic that should take into account is that the hydrophobicity phase. On the other hand, when the concentration of Triton
of colorants with naphthalene ring is stronger than those with X-100 is high than 1.0% (v/v) the resolution become poor
benzene ring. Thus, the hydrophobicity of Sunset Yellow and a quantitative analysis cannot be done. The Triton X-100
that contains in its molecular structure a naphthalene ring is concentration can be varied between 0.25 and 1.0% (v/v), but
higher than the Tartrazine hydrophocity. Thus, hydrophobic
sequence for the selected colorants should be: Sunset Yel-
low > Tartrazine > Brilliant Blue and, when a C18 column is
used to carried out the separation of the colorants and aqueous
solution is used as mobile phase the elution sequence should
be Brilliant Blue, Tartrazine and Sunset Yellow. As normally,
the chromatographic determination of the colorants is done
in pH around of 7 the acid and alkaline groups present in
the molecules can change the elution sequence. Tartrazine is
the smaller molecule and presents two strong sulfonic acid
groups (pk 2) and one acetate weak acid group {faXthat
are dissociated in pH 7; furthermore, thejuKits azo group
is 10.86, and is protonated at pH 7 becoming the molecule
high hydrophilic. Brilliant Blue has three sulfonic acid groups
and two amino groups with pkof 9.22 that are protonated
at pH 7, but the molecule is big and less hydrophilic than the
;itgiélgfaf;igsggrggggg 2?[3:'%/ é{v)\;ggs;gf ;\;Ca?ﬁfs%:ggp& _aration. Data were obtaingd with the mobile phase flow rate at 1 mimin

) : > in phosphate buffer solution 50 mmofi at pH 7 and for 30 mgi! of
ture presents a naphthalene ring, for these reasons it is the leSgartrazine, Brilliant Blue and Sunset Yellow. The black chromatogram cor-
hydrophilic. Thus, an expected elution sequence for the threeresponds to the selected condition (0.25%, viv).

Fig. 1. Structure of Tartrazine, Brilliant Blue and Sunset Yellow.

Fig. 2. Effect of the Triton X-100 concentration in the chromatographic sep-
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Table 1

Chromatographic resolutions

pH Rs for Tartrazine/ Rs for Brilliant Blue/
Brilliant Blue Sunset Yellow

4.5 0.56 0.65

5.0 0.68 1.30

55 0.75 1.49

6.0 1.21 2.56

6.5 1.31 2.34

7.0 1.60 2.28

7.2 1.83 2.09

7.3 1.62 2.13

7.4 1.73 2.18

7.5 1.63 2.16

7.6 1.42 2.16

The values were calculated for Triton X-100 concentration of 1% (v/v),
mobile phase flow rate at 1 ml mif, phosphate buffer or acetate buffer
solution 50 mmolt? and for 30 mgt! of Tartrazine, Brilliant Blue and
Sunset Yellow.

Fig. 4. Effect of the buffer concentration in the chromatographic separation.
Data were obtained with the Triton X-100 concentration of 0.50% (v/v),
mobile phase flow rate at 1 mlmif in phosphate buffer at pH 7 and for
30mg ! of Tartrazine, Brilliant Blue and Sunset Yellow. The black chro-
the 0.25% (v/v) solution was selected because of the minor matogram corresponds to the selected condition (buffer at 50 mijol |

waste generation; but in cases where the analytical frequency
is critical, the Triton X-100 concentration can be increased analysis (Fig. 3). Thus, the pH 7 was elected as the better
to 1% (viv) (Fig. 2). condition and all chemical analysis were carried out at this
The pH plays an important role in the separation of the pH value because the separation is quantitative (Fig. 3), the
colorants. It was verified that at pH values lower than 6.5 the low toxic phosphate can be used as buffer solution and the
chromatographic resolution was poor (Table 1) and the datachemical residues are neutral, characteristics that becoming
cannot be used to quantitative analysis (Fig. 3). For pH 4.5 the method more green.
it was observed only two peaks with high degree of superpo- It was noted that the buffer concentration has influence in
sition, indicating that the separation was poor. When the pH the chromatographic separation (Fig. 4); probably the effect
value isincreased itis noted an improvement in the resolution is associated with the charges of the buffer components that
and the third peak begin to appear. To pH values high than can stabilize the charged colorant molecules. When the phos-
6.5 the three colorants are separated, the sensitivity is pracphate buffer concentration was 1.5 mniol nd the pH was
tically constant and the resolution is adequate to quantitative 7 the chromatographic separation was very poor as only one
peak with a small shoulder was observed (Fig. 4). It was
observed an improvement in the resolution when the concen-
tration of the phosphate buffer solution was increased and to
concentration values higher than 50 mmdi the separation
was adequate and the obtained date could be used to quanti-
tative analysis (Fig. 4). It was observed that for higher buffer
solution concentration the resolution continues to be adequate
but peak broadening was observed as well as an increase in
the retention time, which could decrease the sensitivity and
the analytical frequency (Fig. 4). Thus, the concentration of
the buffer solution was fixed as 50 mmotl as the better
compromise among sensitivity, analytical frequency and the
minor amount of waste generation; this last factor depend on
the buffer concentration.
The flow rate of the mobile phase is an important parame-
terinthe separation of Tartrazine, Sunset Yellow and Brilliant
Blue. When the flow rate is very high (2 mlmi#) it was
noted a decrease in the chromatographic resolution and in
the sensitivity (Fig. 5). On the other hand, for low flow rate
Fig. 3. Effect of the pH in the chromatographic separation. Data were (0.25ml min—l) the sensitivity increase, but the analytical
obtained with the Triton X-100 concentration of 0.50% (v/v), mobile phase frequency is poor (Fig. 5). Thus, in the present work the

flow rate at 1mlmin® in phosphate buffer or acetate buffer solution . . :
50mmol It and for 30mgt?! of Tartrazine, Brilliant Blue and Sunset mobile phase flow rate was fixed as 1.0 ml mhs the better

Yellow. The black chromatogram corresponds to the selected condition COMpromise betwe.en SenSit.iVity and a.n.allytical freqU.enCY- It
(pPH 7). should be emphasized that if the sensitivity was critical and
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Table 2
Determination of Tartrazine (T), Brilliant Blue (BB) and Sunset Yellow (SY) in food samples by the proposed chromatographic method (HPLC) and by the
spectrophotometric one (SPEC)

Sample T (HPLC) BB (HPLC) SY (HPLC) T (SPEC) BB (SPEC) SY (SPEC)

1 1.44+ 0.07 - 1.16+ 0.06 1.43+ 0.03 - 1.244 0.03
2 0.1794 0.009 0.02@: 0.002 0.088+ 0.005 0.193+ 0.007 0.096: 0.004 0.020+ 0.001
3 0.0334 0.003 - 0.020+ 0.002 0.026+ 0.002 - 0.019+ 0.001
2 0.94+ 0.04 - 0.80+ 0.04 0.97+ 0.02 - 0.81+ 0.02

The results are expressed in mg/the standard deviation.
a Liquid sample and the results are expressed inThg |

the analytical frequency was a secondary factor, it is possible procedure is recommended to laboratories that did not have
to decrease the flow rate (Fig. 5). spectrophotometer with photodiode array detector facilities.
Quantitative data were obtained injecting a sample volume The elution process is done in isocratic manner, thus a simple
of 20l and monitoring Tartrazine, Brilliant Blue and Sunset HPLC can be used to carry out the chemical analysis.
Yellow at 430, 630 and 480 nm, respectively. It should be = Remarkably stability and robustness were observed when
emphasised that it is possible to do the measurements of theéhe proposed method was applied to colorants analysis in
three colorants at the same wavelength, 430 nm, with a lostfood samples. The chromatographic procedure yielded pre-
in sensitivity to Sunset Yellow and Brilliant Blue but, this cise results and baseline drift was not observed (Fig. 6). The
proposed method was able to run one sample in only 8 min,
consuming 15.0mg of Triton X-100 and 38.8 mg of phos-
phate. Under the selected conditions the retention times are
2.1, 3.6 and 7.0 min for Tartrazine, Brilliant Blue and Sunset
Yellow, respectively (Figs. 2 and 5) and all peak resolutions
are ca. 2. It should be stressed that the C18 column should
be conditioned with the mobile phase during 20 min before
analysis to eliminate any trace of organic solvents which
can change the chromatographic resolution. The analytical
curves present the following linear equations (data in iy |
area=7.44 19+2.71 10 [Tartrazine] (R=0.998,n=7);
area=1.09 19+ 3.75 16 [Brilliant] (R =0.9995,,=7) and
area=7.34 10 +2.33 103 [Sunset] (R=0.998,2=7) for
Tartrazine, Brilliant Blue and Sunset Yellow, respectively.
For the above conditions the limit of detections for Tar-
trazine, Brilliant Blue and Sunset Yellow were estimated as
Fig. 5. Effect of the flow rate in the chromatographic separation. Datawere 0.125, 0.080 and 0.143 mg}, respectively. When the pro-
obtained with the Triton X-100 concentration of 0.25% (v/v), 50 mmbl | posed method is applied to food samples analysis, precise
phosphate buffer at pH 7 and for 30 mglof Tartrazine, Brilliant Blue results are obtained (R.S.D. 5%+ 3) (Table 2andFig. 6)
and Sunset Yellow. The black chromatogram corresponds to the selected . . .
condition (1.0 mImin?). and compara_ble to those obtained by using the classical spec-
trophotometric method. It should be stressed that the limit
of detections for the spectrophotometric method were esti-
mated as 0.2, 0.18 and 0.16 md Ifor Tartrazine, Brilliant
Blue and Sunset Yellow, respectively; but the method is not
easily applicable when the proportion among the food dyes
is very different due to the spectral interference.

4. Conclusion

It is possible to do the chromatographic determination of
Tartrazine, Brilliant Blue and Sunset Yellow in food samples
using a C18 column as stationary phase and an aqueous Tri-
ton X-100 solution as mobile phase. The procedure is simple,
Fig. 6. Chromatogram of the sample 2. The chromatogram was obtained robu;t, precise, prese_n_t high analytical frequency and can b_e
using as mobile phase a solution containing Triton X-100 0.25% (v/v) plus CONsidered Green as it is demonstrated that HPLC can be uti-
50 mmol -1 phosphate buffer at pH 7 and a flow rate of 1 mlmin lized without the usage of organic solvent. It should be noted
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that there are others articles exploiting micellar medium but [5] C.M. Hill, K.W. Street, S.P. Tanner, W.H. Philipp, Anal. Lett. 33
always organic solvents are used as modifier and the analyti-  (2000) 2779. o ' _
cal frequency is lower when compared to that obtained in the €] f\iesvué'g'r‘lf’ b Hansen, Flow Injection Analysis, second ed., Wiley,
presgnt WOI’!(. Here, a sample can be,analysed in 8 min (OI’ [7] C.C. Qliveira, E.A.G. Zagatto, J. Ruzicka, G.D. Christian, Anal. Lett.
less increasing the flow rate and the Triton X-100 concentra- ~ * 33 (2000) 929.

tion) and any organic solvent is used as the presence of the [8] L.F. Capitin-Vallvey, M.D. Ferandez, I. de Orbe, R. Avidad, Talanta

chemical modifier is dispensable. 47 (1998) 861.
[9] Q. Chen, S. Mou, X. Hou, J.M. Riviello, Z. Ni, J. Chrom. A 827
(1998) 73.
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