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Abstract: The use of tartrazine E 102 as a food dye is subject to restrictions. The limit dose allowed in dairy product is 300
mg kg-1. In order to discover and control this synthetic dye in commercialized yoghurt in Côte d'Ivoire, a method has been
proposed to determine its content by ion pair reversed phase liquid chromatography (LC) after liquid-solid extraction
followed by detection at 430 nm. The results of the validation tests (linearity, precision, accuracy and sensitivity) were
satisfactory. The method was thus applied to 210 samples of yoghurt produced by the traditional sector and commercialized
in Abidjan. The content of tartrazine was higher than the maximum allowed of 300 mg kg-1 in 10 (4.8%) samples. The
repeated consumption of these yoghurts can eventually cause allergic reactions and hyperactivity disorders in susceptible
consumers especially in children.
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1. Introduction
The synthetic dyes which emerged since the 1850s, have
largely replaced natural additives. They are used to make or
restore food coloring and therefore increase their visual
appeal to the consumer [1]. Tartrazine (E 102) also called
yellow tartaric acid (Figure 1) is a synthetic azo dye
authorized as a food additive in some countries [2]. In these
countries, it is one of the most used mainly in dairy products,
derivatives and drinks [3, 4]. Its inclusion in the diet is
sometimes controversial because of allergenic properties
reported. Few cases of urticaria, asthma, contact dermatitis,
vasculitis have been reported after consumption of food
containing tartrazine [5]. Hyperactivity disorders resulting
in a lack of attention in children are also reported [6]. So, to
protect the health of consumers, a standard norm of 300 mg
per kg of tartrazine in dairy products and a qualifying 7.5 mg
per kg of body weight daily dose have been established [7].
To ensure the control of levels of tartrazine in food,
literature reports several methods: Spectrophotometric
methods
[8],
electrochemical
methods
[9-11],
chromatographic methods [12-22] and immunological
methods [23]. In Côte d'Ivoire, the determination of
tartrazine by liquid chromatography in lemonade was made

without preliminary extraction step [22]. Such results have
objectified the presence of tartrazine in excess of the
standard lemonade informal sector levels. In the present
study, research and determination of this dye has been made
in yoghurt produced and marketed in Côte d'Ivoire by liquid
chromatography after liquid / solid partition extraction.

Figure 1. Chemical structure of tartrazine.

2. Experimental
2.1. Chemicals and Samples
All chemicals and solvents were of analytical grade from
different suppliers. Tartrazine, HPLC grade methanol,
tétrabutylammonium hydroxide were from Prolabo
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(Fontenay-sous-Bois, France). Sodium dihydrogen
phosphate and silica gel were from Merck (Darmstadt,
Germany).
Cotton
was
from
Euromedis
(Neuilly-sous-Clermont, France).
The samples are composed of 21 independent artisanal
productions (P1 to P21) with 10 sachets of yoghurt per
production. These yoghurts were purchased around primary
schools, health centers and markets in several municipalities
in the district of Abidjan. 210 collected samples were stored
in a refrigerator at a temperature between +4 ° C and +8 ° C
before analysis.
2.2. Instrumentation and Chromatographic Conditions
The apparatus consists of a liquid chromatograph
(SHIMADZU), an extraction column of 50 mL glass
(MERCK), a stirrer (VWR), a precision scale (METTLER
TOLEDO PB 303-S) and a vacuum filtration device
(MERCK). The extractive column is washed and dried.
Cotton is placed in the bottom of the column and 10 g of
silica gel were weighed and introduced therein. This
preparative column is used to extract tartrazine in yoghurt
sample. Tartrazine was analysed on a Nucleosil ODS (C18, 5
µm) column (100 mm×4.6 mm) using a mobile phase
containing methanol-dihydrogen phosphate buffer 0.005 M
pH 7.5 (60: 40, v/v) added to 1% (v/v) of
tetrabutylammonium hydroxide 0.005 M as counter ion, at a
flow rate of 0.8 mL min-1. Tartrazine was detected at 430 nm
wavelength [17, 21].

- Repeatability of the chromatographic analysis of the
reference solution at two (2) levels of concentration: 1 mg
L-1 and 5 mg L-1 (n = 6);
- Repeatability of chromatographic analysis of a sample
of yoghurt (n = 6);
- Repeatability of the procedure (n = 6);
- Accuracy using the standard additions method.
Different amounts of tartrazine (50, 100 and 150 mg kg-1)
were added to yoghurt samples. The samples with or
without the addition were subjected to chromatographic
analysis to determine the percent recovery.
- The limits of detection (signal-to-noise ratio of 3) and
quantification (signal-to-noise ratio of 10) determined were
assessed from serial dilutions of the standard solution of
tartrazine 1 mg L-1.
2.3.4. Statistical Treatment
The linearity of the response of tartrazine was assessed
from a scatter plot. The regression line was determined
according to the least squares method. An analysis of
variance (ANOVA) was performed to test the statistical
significance and the overall slope of the regression line.
The accuracy was assessed through the coefficient of
variation calculated from the ratio of the standard deviation
of the mean of each series of measurements. The level of
statistical significance was set at 0.05.

3. Results and Discussion

2.3. Sample Preparation

3.1. Results

2.3.1. Preparation of Standard Solutions
Stock solution was prepared by dissolving 10 mg of
tartrazine in 100 mL volumetric flask with distilled water to
obtain a concentration of 100 mg L-1. A calibration range of
0.1 to 25 mg L-1 was freshly prepared by diluting the stock
solution with distilled water.

3.1.1. Analysis Method
Tartrazine chromatographic peak was identified at a
retention time around 1 minute 20 seconds (Figure 2).

2.3.2. Test Solutions
One gram (1.000 g) of yoghurt was weighed into a 250
mL volumetric flask. Approximately 200 mL of distilled
water were added and homogenized under magnetic stirring
for 10 minutes. The flask was made up to volume with
distilled water and homogenized. Tartrazine extraction is
then performed by solid liquid partitioning from the freshly
prepared solution with a preparative stationary phase which
is prepared in the laboratory. The solution obtained is
filtered. The first drops are rejected. The filtrate (10 mL)
containing tartrazine is subjected to chromatographic
analysis. Duplicate injections were used.
2.3.3. Validation
The method was validated according to the criteria
developed by the "International Conference of
Harmonization" [24]. The parameters evaluated to assess
the reliability of the results consist of:
- Linearity of the chromatographic response as a function
of analyte concentration from 0.1 to 25 mg L-1.

Figure 2. Chromatograms of tartrazine standard solution 0.05 mg L-1 (a)
and an extracted of a sample of yoghurt (b).

3.1.2. Validation
A linearity range has been set to the concentration range
of 0.1 to 25 mg L-1 tartrazine with a coefficient of
determination R2 = 0.998. The line of regression equation
was established: Y = (71871 ± 7190) X - (23511 ± 28122),
Y the chromatographic response and X, the concentration in
mg L-1. The repeatability tests reported that relative
standard deviations were less than 0.3 % for the reference
solutions and at 1.6 % to a yoghurt sample for the
chromatographic analysis and 2.7 % for the whole
procedure. The average percent recovery of tartrazine was
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97.6 %. The limits of detection and quantification were,
respectively, 4.8 and 13.0 mg kg-1.
3.1.3. Application
The validated method was applied to control tartrazine
levels in yoghurt samples sold in Abidjan markets (Table 1).
Tartrazine was not identified in four products (P6, P8, P9
and P15). In the other products, tartrazine content's ranged
from 51.2 to 709.2 mg kg-1. These levels higher than the
admitted norm of 300 mg kg-1 were found in 10 samples,
representing 4.8% of all the analyzed samples. The highest
level of tartrazine was 709 mg kg-1 in one yoghurt sample,
thus exceeding twice the maximum admitted dose.
Table 1. Tartrazine content in artisanal produced yoghurts.
Means (mg
kg-1)

s (mg
kg-1)

min (mg
kg-1)

max (mg
kg-1)

P1 (n=10), 125
g/sachet

123,8

60,0

51,2

223,1

P2 (n=10), 125
g/sachet

246,4

60,7

161,2

330,1

506,0

172,1

266,1

709,2

82,8

0,11

82,1

85,4

P5 (n=10), 125
g/sachet

90,3

0,18

85,4

92,6

P6 (n=10), 100
g/sachet

< LD

-

-

-

P7 (n=10), 150
g/sachet

89,0

0,18

86,4

90,5

P8 (n=10), 100
g/sachet

< LD

-

-

-

< LD

-

-

-

86,5

0,28

83,1

89,4

P11 (n=10), 125
g/sachet

81,9

0,01

81,9

82,2

P12 (n=10), 100
g/sachet

82,4

0,03

82,1

83,0

P13 (n=10), 200
g/sachet

86,3

0,17

84,2

87,5

P14 (n=10), 175
g/sachet

93,3

0,33

88,7

96,5

< LD

-

-

-

128,8

0,51

120,9

135,0

P17 (n=10), 150
g/sachet

91,2

0,07

90,5

91,8

P18 (n=10), 100
g/sachet

85,5

0,02

85,3

85,7

P19 (n=10), 150
g/sachet

98,8

0,51

94,9

109,0

P20 (n=10), 125
g/sachet

86,8

0,11

85,2

89,1

P21 (n=10), 100
g/sachet

103,7

0,15

102,4

106,6

Products

P3 (n=10), 125
g/sachet
P4 (n=10), 150
g/sachet

P9 (n=10), 100
g/sachet
P10 (n=10), 150
g/sachet

P15 (n=10), 100
g/sachet
P16 (n=10), 125
g/sachet

LD: limit of detection
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3.2. Discussion
Tartrazine is a polar compound that was rapidly eluted
after its pairing with tetrabutylammonium bromide. The
operating conditions of LC reverse phase ion-pair defined
with the use of an octadecylsilanised stationary phase in a
15 cm column chromatographic separation were
appropriate for a rapid elution of tartrazine. They resulted
in a retention time of less than two minutes in isocratic
elution mode during the chromatographic analysis. This
retention time is similar to the one reported by Kostik
and Stafilov on tartrazine analysis by liquid
chromatography [17]. It is shorter than those reported by
several authors [12, 16, 21, 22]. In their study they found
a retention time higher than 5 minutes on a 25 cm
column containing a stationary phase bonded silica in
isocratic or gradient elution mode.
Satisfactory results of validation tests showed that the
method is well suited to the determination of tartrazine
in yoghurt sold in Côte d'Ivoire.
The application of the method to the control of levels
of tartrazine in yoghurt collected from markets and
commercial areas of Abidjan has confirmed the use of
tartrazine in yoghurt production. From a quantitative
point of view, values above the Codex Alimentarius
recommended norm of 300 mg kg-1 were observed in
4.8% of the analyzed samples. Two essential reasons
could explain the high content in tartrazine obtained: i)
the desire to make these yoghurts more attractive
particularly for young consumers; ii) the lack of
knowledge on food dyes and particularly their use in
food production. Moreover, these artisanal yoghurts are
very often sold around schools and hospitals in Abidjan.
Thus, a potential risk of allergic reactions and
attention-deficit hyperactivity disorder [6, 25] can occur
in children who are the most at risk. Literature has
already reported a causal link proven between tartrazine
and hyperactivity, anxiety and behavior depression in
rats by a deficiency of vitamin B6 and zinc [6]. These
non- conformities revealed the necessity for a systematic
quality control of all yoghurts commercialized in Abidjan,
particularly those produced by the artisanal sectors.

4. Conclusion
A reliable method for the determination of tartrazine in
yoghurt by liquid chromatography after liquid solid
extraction has been described in the present study. Higher
values than the admitted norm were found in different
samples of artisanal yoghurt formulation. This study has
highlighted the necessity to systematically monitor levels
of tartrazine in yoghurt sold in Côte d'Ivoire.
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