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Development of a green chromatographic method for
determination of colorants in food samples
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Departamento de Quı́mica, Universidade Estadual de Maringá, Avenida Colombo, 5790 DQI, Maringá PR 87020-990, Brazil

Received 27 October 2004; received in revised form 6 January 2005; accepted 6 January 2005
Available online 13 June 2005

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 the
chromatographic column, the colorants are detected at 430, 630 and 480 nm, respectively. The chromatographic procedure yielded precise
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
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he mobile phase is 1 ml min−1 the retention times are 2.1, 3.6 and 7.0 min for Tartrazine, Brilliant Blue and Sunset Yellow, respectiv
ll peak resolutions are ca. 2. The analytical curves present the following linear equations: area = 7.44 105 + 2.71 105 [Tartrazine] (R= 0.998
= 7); area = 1.09 105 + 3.75 105 [Brilliant] (R = 0.9995,n = 7) and area =−7.34 104 + 2.33 105 [Sunset] (R= 0.998),n = 7) and, the limits o
etection for Tartrazine, Brilliant Blue and Sunset Yellow were estimated as 0.125, 0.080 and 0.143 mg l−1. When the proposed method
pplied to food samples analysis, precise results are obtained (R.S.D. < 5%,n = 3) and in agreement with those obtained by using the clas
pectrophotometric method. The traditional usage of organic solvent as mobile phase in HPLC is not used here, which permits to
resent method as green.
2005 Elsevier B.V. All rights reserved.
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. Introduction

There are several definitions to analytical chemistry and
o what the analytical chemists do. In general, “Analyti-
al Chemistry seeks ever improved means of measuring the
hemical composition of natural or artificial materials” and
he Analytical Chemists is the person that works to “improve
he reliability of existing techniques to meet the demands for
etter chemical measurements”[1]. Nowadays, the society
laim for the development of new analytical methods where
he later good characteristics as selectivity and sensitivity
re not sufficient, the modern analytical methods needs to
e Green[2,3]. In this way, the chemists should develop
nalytical methods that not use hazardous reagents and that
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the amount of chemical waste that is generated durin
analysis should be minimal. Nowadays we see the ad
of the methodologies that eliminate or minimize the util
tion of organic solvent and toxic reagents. Among them
can emphasize solid-phase extraction methodologies[4] that
eliminate and minimize the usage of liquid–liquid extract
the solid-phase spectrofotometry[5] that minimizes the usag
of toxic reagents and the organic solvents; flow analysi[6]
that minimizes the amount of the waste generated an
bead injection methods for metallic ions determinations[7]
that combine the better characteristics of the flow anal
solid-phase spectrophotometry and solid-phase extract

Associated with the tendency for Green Analytical Me
ods is the necessity for better control of the quality of
foods as people are worried about their heath and, it is kn
that some food additives, when are present in high conce
tion, can cause several diseases[8]. It should be stressed th
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with the free commerce, countries that want to export foods
should give guarantees of their qualities.

Colorants are added to foods to make them more attractive
[9], replacing their natural color that can be lost during the
industrial process or to avoids variations in the color of the
final product[10]. The trouble is that some synthetic azo
dyes can be noxious to the human health and when in contact
with some drugs can cause allergic and asthmatic reactions
to some people[11], induced the development of cancer[12]
and others diseases[13]. In this way, in the last years efforts
have been made to control and to limit the amount of synthetic
colorants that are added in foods[14], whereas the more toxic
dyes have been banned[15]. In this way, it is necessary to have
efficient methodologies to control the amount of colorants in
foods.

There are a lot of analytical procedures to carry out the
determination of dyes in foods, such as spectrophotometry
[16], solid-phase spectrophotometry[8], voltametry[17] and
chromatography[15]. As normally, the final color of the food
is composed by a mixture of two or more colorants dyes,
it is necessary to have a method that is able to determines
multi-components, thus a preference is given to the chromato-
graphic method as the spectrophotometric ones, sometimes
suffer spectral interferences that cannot be solved by the
derivative ratio spectra methods.

As the chromatographic method is elected to determine
d sid-
e ents
a reen
C iant
B om-
m ctant
i nge
t . It is
k nized
i nds
a
i mine
d ctant
i thods
m

2

2

p ril-
l in
1 olu-
t of
t

Tri-
t e
b fore

use, through a 0.45�m membrane filter. The critical mecellar
concentration (CMC) of Triton X-100 is 0.18% (v/v).

2.2. Samples

The artificial juice and gelatin samples were homoge-
nized; ca. 2.0 g was weighed and dissolved in hot water
(60◦C). After cooling, the sample was transferred to a volu-
metric flask and the volume was adjusted to 50 ml with water.
Finally, the samples were filtered through a 0.45�m mem-
brane filter.

2.3. Liquid chromatography and separation conditions

Chromatographic separation was carried out using a Var-
ian ProStar System with Star Chromatography Worksta-
tion and LC control software (Varian Analytical Instru-
ments) comprising a ProStar 240 solvent delivery mod-
ules, a Model ProStar 410 AutoSampler with a sample loop
of 20�l, a Model ProStar 330 photodiode array detector
with the Polyview 2000TM program and a microsorb C18
250 mm× 4.6 mm column with particles of 5�m equipped
with a microsorb C18 10 mm× 4 mm guard column. All the
experiments were conducted at room temperature. Before
analysis, the column was conditioned making the mobile
phase flows through the system for 20 min at 1.0 ml min−1.
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yes in foods, and normally this method cannot be con
red Green due to the utilization of several organic solv
s mobile phase, the present work proposes a new G
hromatographic Method to determine Tartrazine, Brill
lue and Sunset Yellow in foods. Here, to avoid the c
on usage of organic solvent as mobile phase, a surfa

s utilized to vary the polarity of the water and to cha
he characteristics of the C18 chromatographic column
nown that surfactant in aqueous solutions can be orga
n micelles that are able to interact with organic compou
nd thus, increase the solubility of non-polar molecules[18]

n aqueous medium. Here, the strategy is utilized to deter
yes in food samples using as mobile phase only surfa

n aqueous medium becoming the chromatographic me
ore green.

. Experimental

.1. Reagent and solutions

The colorants standard stock solution, 1000 mg l−1, was
repared by dissolving 0.1000 g of Tartrazine (Aldrich), B

iant Blue (Aldrich) and Sunset Yellow (Sigma) dye stuffs
00 ml of HPLC-grade water, and the working standard s

ions (0.0–50.0 mg l−1) were prepared by proper dilution
he stock solution.

The mobile phase was prepared dissolving 0.25 ml of
on X-100 (Sigma) up to 100 ml with 50 mmol l−1 phosphat
uffer solution at pH 7 and, the solution was passed, be
uring the chromatographic separation the mobile phase
ept isocratic, at 1.0 ml min−1 and the acquisition of the da
ere done at 426, 480 and 630 nm to Tartrazine, Sunse

ow and Brilliant Blue, respectively.
For quantitative determination external calibration

sed plotting peak area (y) versus injected amount (x, mg−1).
he LODs (n= 3) were calculated by using a signal-to-no
atio of 3.

.4. System optimization

For system optimization the main important parame
uch as buffer concentration, surfactant concentration
nd eluant flow rate were investigated. It should be stre

hat for pH optimization acetate and phosphate buffer s
ions were used and that the colorants pKas were determine
y using potentiometric titration and the modified Gran fu

ion [19].

. Results and discussion

In the development of the green chromatographic me
or determination of Brilliant Blue, Tartrazine and Sun
ellow it was decided that all reagents should be as g
s possible and that the selected stationary phase sho

amiliar to all HPLC laboratories. In this way, a C18 colu
as elected as stationary phase and the mobile phase s
e an aqueous solution. Then, all the subsequent experi
ere planned with the above mentioned strategy in min
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Fig. 1. Structure of Tartrazine, Brilliant Blue and Sunset Yellow.

Brilliant Blue is a triarylmethane compound whereas Tar-
trazine and Sunset Yellow are azo dye colorants (Fig. 1).
As the hydrophobicity of non-azo colorants is weaker than
those of azo colorants, this difference can be exploited to
carried out their chromatographic separation. Other charac-
teristic that should take into account is that the hydrophobicity
of colorants with naphthalene ring is stronger than those with
benzene ring. Thus, the hydrophobicity of Sunset Yellow
that contains in its molecular structure a naphthalene ring is
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 (pKa 2) and one acetate weak acid group (pKa 5) that
are dissociated in pH 7; furthermore, the pKa of its 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 pKa of 9.22 that are protonated
at pH 7, but the molecule is big and less hydrophilic than the
Tartrazine. Sunset Yellow has only two sulfonic acid groups,
t -
t e les
h three

compounds when a C18 column and aqueous 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
C18 stationary 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-
f 2). It
w al to
t .0%
( hase
i strat-
i nary
p riton
X oor
a -100
c ), but

F sep-
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he azo group is protoneted at pH 7 (pKa = 9.20) and the struc
ure presents a naphthalene ring, for these reasons it is th
ydrophilic. Thus, an expected elution sequence for the
s

actant and consequently less waste generation (Fig.
as observed that the resolution is inversely proportion

he Triton X-100 concentration in the range of 0.25–1
v/v). When the surfactant concentration in the mobile p
s lower than 0.25% (v/v) any separation occurs, demon
ng that the mobile phase did not interact with the statio
hase. On the other hand, when the concentration of T
-100 is high than 1.0% (v/v) the resolution become p
nd a quantitative analysis cannot be done. The Triton X
oncentration can be varied between 0.25 and 1.0% (v/v

ig. 2. Effect of the Triton X-100 concentration in the chromatographic
ration. Data were obtained with the mobile phase flow rate at 1 ml m−1

n phosphate buffer solution 50 mmol l−1 at pH 7 and for 30 mg l−1 of
artrazine, Brilliant Blue and Sunset Yellow. The black chromatogram
esponds to the selected condition (0.25%, v/v).
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Table 1
Chromatographic resolutions

pH Rs for Tartrazine/
Brilliant Blue

Rs for Brilliant Blue/
Sunset Yellow

4.5 0.56 0.65
5.0 0.68 1.30
5.5 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 min−1, phosphate buffer or acetate buffer
solution 50 mmol l−1 and for 30 mg l−1 of Tartrazine, Brilliant Blue and
Sunset Yellow.

the 0.25% (v/v) solution was selected because of the minor
waste generation; but in cases where the analytical frequency
is critical, the Triton X-100 concentration can be increased
to 1% (v/v) (Fig. 2).

The pH plays an important role in the separation of the
colorants. It was verified that at pH values lower than 6.5 the
chromatographic resolution was poor (Table 1) and the data
cannot be used to quantitative analysis (Fig. 3). For pH 4.5
it was observed only two peaks with high degree of superpo-
sition, indicating that the separation was poor. When the pH
value is increased it is noted an improvement in the resolution
and the third peak begin to appear. To pH values high than
6.5 the three colorants are separated, the sensitivity is prac-
tically constant and the resolution is adequate to quantitative
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5 et
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(

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 ml min−1 in phosphate buffer at pH 7 and for
30 mg l−1 of Tartrazine, Brilliant Blue and Sunset Yellow. The black chro-
matogram corresponds to the selected condition (buffer at 50 mmol l−1).

analysis (Fig. 3). Thus, the pH 7 was elected as the better
condition and all chemical analysis were carried out at this
pH value because the separation is quantitative (Fig. 3), the
low toxic phosphate can be used as buffer solution and the
chemical residues are neutral, characteristics that becoming
the method more green.

It was noted that the buffer concentration has influence in
the chromatographic separation (Fig. 4); probably the effect
is associated with the charges of the buffer components that
can stabilize the charged colorant molecules. When the phos-
phate buffer concentration was 1.5 mmol l−1 and the pH was
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 mmol l−1 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 mmol l−1 as the better
compromise among sensitivity, analytical frequency and the
minor amount of waste generation; this last factor depend on
the buffer concentration.
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ig. 3. Effect of the pH in the chromatographic separation. Data
btained with the Triton X-100 concentration of 0.50% (v/v), mobile ph
ow rate at 1 ml min−1 in phosphate buffer or acetate buffer solut
0 mmol l−1 and for 30 mg l−1 of Tartrazine, Brilliant Blue and Suns
ellow. The black chromatogram corresponds to the selected con
pH 7).
The flow rate of the mobile phase is an important para
er in the separation of Tartrazine, Sunset Yellow and Bril
lue. When the flow rate is very high (2 ml min−1) it was
oted a decrease in the chromatographic resolution a

he sensitivity (Fig. 5). On the other hand, for low flow r
0.25 ml min−1) the sensitivity increase, but the analyti
requency is poor (Fig. 5). Thus, in the present work
obile phase flow rate was fixed as 1.0 ml min−1 as the bette

ompromise between sensitivity and analytical frequen
hould be emphasized that if the sensitivity was critical
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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 – 1.24± 0.03
2 0.179± 0.009 0.020± 0.002 0.088± 0.005 0.193± 0.007 0.096± 0.004 0.020± 0.001
3 0.033± 0.003 – 0.020± 0.002 0.026± 0.002 – 0.019± 0.001
4a 0.94± 0.04 – 0.80± 0.04 0.97± 0.02 – 0.81± 0.02

The results are expressed in mg/g± the standard deviation.
a Liquid sample and the results are expressed in mg l−1.

the analytical frequency was a secondary factor, it is possible
to decrease the flow rate (Fig. 5).

Quantitative data were obtained injecting a sample volume
of 20�l and monitoring Tartrazine, Brilliant Blue and Sunset
Yellow at 430, 630 and 480 nm, respectively. It should be
emphasised that it is possible to do the measurements of the
three colorants at the same wavelength, 430 nm, with a lost
in sensitivity to Sunset Yellow and Brilliant Blue but, this

Fig. 5. Effect of the flow rate in the chromatographic separation. Data were
obtained with the Triton X-100 concentration of 0.25% (v/v), 50 mmol l−1

p
a lected
c

F
u
5

procedure is recommended to laboratories that did not have
spectrophotometer with photodiode array detector facilities.
The elution process is done in isocratic manner, thus a simple
HPLC can be used to carry out the chemical analysis.

Remarkably stability and robustness were observed when
the proposed method was applied to colorants analysis in
food samples. The chromatographic procedure yielded pre-
cise results and baseline drift was not observed (Fig. 6). The
proposed method was able to run one sample in only 8 min,
consuming 15.0 mg 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 mg l−1):
area = 7.44 105 + 2.71 105 [Tartrazine] (R= 0.998, n = 7);
area = 1.09 105 + 3.75 105 [Brilliant] (R = 0.9995,n = 7) and
area =−7.34 104 + 2.33 105 [Sunset] (R= 0.998,n = 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
0.125, 0.080 and 0.143 mg l−1, respectively. When the pro-
posed method is applied to food samples analysis, precise
r
a spec-
t limit
o esti-
m t
B not
e dyes
i

hosphate buffer at pH 7 and for 30 mg l−1 of Tartrazine, Brilliant Blue
nd Sunset Yellow. The black chromatogram corresponds to the se
ondition (1.0 ml min−1).
ig. 6. Chromatogram of the sample 2. The chromatogram was obtained
sing as mobile phase a solution containing Triton X-100 0.25% (v/v) plus
0 mmol l−1 phosphate buffer at pH 7 and a flow rate of 1 ml min−1.

4

n of
T les
u s Tri-
t ple,
r an be
c e uti-
l oted
esults are obtained (R.S.D. 5%,n = 3) (Table 2andFig. 6)
nd comparable to those obtained by using the classical

rophotometric method. It should be stressed that the
f detections for the spectrophotometric method were
ated as 0.2, 0.18 and 0.16 mg l−1 for Tartrazine, Brillian
lue and Sunset Yellow, respectively; but the method is
asily applicable when the proportion among the food

s very different due to the spectral interference.

. Conclusion

It is possible to do the chromatographic determinatio
artrazine, Brilliant Blue and Sunset Yellow in food samp
sing a C18 column as stationary phase and an aqueou

on X-100 solution as mobile phase. The procedure is sim
obust, precise, present high analytical frequency and c
onsidered Green as it is demonstrated that HPLC can b

ized without the usage of organic solvent. It should be n
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that there are others articles exploiting micellar medium but
always organic solvents are used as modifier and the analyti-
cal frequency is lower when compared to that obtained in the
present work. Here, a sample can be analysed in 8 min (or
less increasing the flow rate and the Triton X-100 concentra-
tion) and any organic solvent is used as the presence of the
chemical modifier is dispensable.
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