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ABSTRACT

Background: The use of tartrazine as an unauthorized synthetic color in
food is a consumer health concern. In Iran, most studies have employed
the Thin Layer Chromatography (TLC) to detect any fraud in food colors.
Therefore, this study aimed to identify the presence of tartrazine in four
types of foods commonly consumed by children in Shiraz, southern Iran
using TLC and compare the results with those obtained through high-
performance liquid chromatography (HPLC).

Methods: One hundred and fifty food samples with yellow and orange
colors, including 20 samples of freeze pop, 25 samples of ice cream, 57
samples of jelly, 48 samples of candy, were collected from the supermarkets
in Shiraz, Iran. In TLC method, color extraction was performed by the
white wool method.

Results: According to the findings of the TLC method, 118 samples
(78.67%) contained synthetic food colors, while 32 (21.33%) food samples
did not. Among the samples, 8 (5.33%) contained only tartrazine, and 14
(9.33%) had tartrazine together with other synthetic colors. The HPLC
revealed that 127 samples (84.64%) contained synthetic colors, and 23
samples (15.36%) did not. Only 11 (7.33%) samples had tartrazine, while102
samples (68.00%) had tartrazine in addition to other synthetic colors.
Conclusion: The finding of TLC and HPLC methods were differed due to
the lower detection limit of the TLC method. Therefore, it is necessary to
use more accurate methods such as HPLC to detect fraud in food colors.

Please cite this article as: Rahnama H, Azari R, Berizi E, Mazloomi SM. Comparison of High-Performance Liquid
Chromatography and Thin Layer Chromatography Methods to Identify Tartrazine in Four Food Types. Int J Nutr Sci.

2025;10(2):325-331. doi: 10.30476/1jns.2025.102578.1323.

Introduction

Food colors play an essential role in consumer
acceptance among food additives due to their
impact on food appearance. Nowadays, synthetic
food colors are widely used to substitute for
natural food colors. These additives can conceal
inferior or defective products, making foods more

visually appealing (1, 2). Synthetic food colors are
commonly used in a variety of foods, including
snacks, beverages, and ice cream, due to their higher
resistance to light, temperature, and oxidation (3).
In the food industry, artificial azo dyes make up
about 65% of the dyes. Tartrazine is an artificial
synthetic azo dye commonly used in human food
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and pharmaceutical products (4).

According to some studies, synthetic colors
are considered foreign substances by the body,
similar to drugs and pollutants. After consumption,
metabolic enzymes or intestinal flora may convert
some of these colors into aromatic amines, which
can then be absorbed or excreted (5, 6). Excessive
use of such colors can endanger human health. Some
studies have also shown that synthetic food colors
such as sunset yellow and tartrazine can cause a
range of allergic reactions, including skin rashes,
asthma exacerbation, restlessness, sleep disorders,
and aggravate hyperactivity in children with the
condition of ADHD (7, 8). Various studies have
shown that unauthorized synthetic food colors have
been used illegally in foods. For example, studies
conducted in 2015 in Arak city, Iran and 2017 in
Sri Lanka showed that unauthorized synthetic food
colors were used in food (2, 9).

Therefore, measuring and controlling the color of
food products is mandatory in many countries and there
are regulations for the use of synthetic food colors;
for example, in Iran, according to Standard No. 740
of the Iran National Standards Organization (INSO),
only seven synthetic food colors are allowed for use
in foods. Tartrazine is classified as an unauthorized
synthetic food color. In most countries, the possible
adverse effects of such dyes are tested periodically (10-
12). Analytical methods for detecting synthetic food
color and its potential fraud in food industry include
high-performance liquid chromatography (HPLC),
thin-layer chromatography (TLC), electrochemical
sensors, and spectrophotometry (4). The TLC method
is less expensive and is qualitative for separating
compounds in a mixture. However, in addition to
identifying the mixture’s components (qualitative),
the HPLC method can also measure the amount of
components quantitatively. As in Iran, TLC method is
mostly used to detect the type of synthetic food colors
and their fraud usage; therefore, this study aimed to
compare the two methods of identifying tartrazine
frauds by TLC and HPLC in four food products.

Material and Methods

One hundred and fifty samples of four food items
in orange and yellow colors, in which tartrazine
could be used, were randomly collected from
Shiraz supermarkets and transferred to the relevant
laboratory, including 20 fruit ice creams, 57 jellies,
48 candies, and 22 freeze pops. All materials used in
this study were purchased from Merck (Germany)
and Sigma (USA), including concentrated acetic
acid, 25% ammonium hydroxide, Kieselgel 60 F254
silica gel on 2020 cm aluminum foil, n-butanol,
white wool, hematocrit tubes, hamilton syringes,

acetonitrile HPLC grade, methanol (HPLC grade),
ammonium acetate, standard tartrazine dye, TLC
chromatography tank (with volume of 25x7x25-
cm?’) and also HPLC device (Waters company,
USA) was equipped with a dual-piston pump, UV
detector and degasser. Isolations were performed on
a C-18 (250 mmx»4.6 mm, 5.6 pm) chromatographic
column, and the tartrazine dye wavelength was
measured using a dynamic double beam UV-Vis
spectrophotometer (Halo DB-20R).

According to Standard No. 2634 of the INSO,
extraction was performed using the white wool
method (13). First, sugar or flour coatings or other
edible decorations were removed from the sample’s
surface. Our samples included lollipops, jellies,
ice cream, and freeze pop, which were free of fat,
protein, starch, or other decorations, so dye extraction
was performed directly without any isolation and
separation. To activate the silica gel plates, the
plate was placed at 100°C for 8 minutes to remove
moisture and activate the silica gel. After cooling the
plates, staining was done according to Standard No.
2634, starting 3 cm above the edge of the plate with
a distance of 1.5 cm from each other and a code was
written under the marked stain to recognize each
of the stains. The stain created by the tartrazine
standard was used to differentiate other color stains.

Regarding TLC tank preparation and color
detection step, the mobile phase, which included
10 volumes of n-butane (50 mL), 5 volumes of
concentrated acetic acid (25 mL) and 6 volumes of
distilled water (equivalent to 30 mL) was prepared
inside the tank and placed under the hood the day
before. The stained plate was placed inside the tank,
and after the mobile phase rose to about 5 cm from
left to the bottom of the plate, the plate was taken
out of the tank. After drying, each stain retention
factor (RF) was measured and compared to the RF
of standard stain. Considering HPLC steps, the
standard tartrazine solution was prepared in five
concentrations of 10, 5, 2.5, 1.25, and 0.75 mg/L to
create a calibration plot and stored at 4°C.

The mobile phase included acetonitrile, methanol,
concentrated acetic acid and 25% ammonium
hydroxide that were prepared in the proportions
of 190 mL: 10 mL: 5600 pL: 8300 puL. The pH
adjustments were made to provide solutions with a
pH of 6 using NA ,OH. The injection volume of the
sample was 20 pL, and the column temperature was
kept at ambient room temperature. Mobile phase
flow rates were selected to be 0.8 mL/min, then the
calibration curve was plotted (Figure 1), and the
tartrazine was detected using a UV detector with a
wavelength of 420 nm (Figure 2). The identification
of colors was made based on retention time.
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Figure 1: Tartrazine standard calibration curve.
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Figure 2: Tartrazine peak at 420 nm in HPLC.

Color measuring and identifying were performed
by Analytical Quality Assurance (AQA) [the retention
time, calibration data, relative standard deviation
(RSD%)], limit of detection (LOD) and the limit of
quantification (LOQ)) that were shown in Table 1. In
sample preparation, first, all ice cream and freeze pops
samples were liquefied at room temperature and jelly
samples were liquefied in a water bath at 90°C. After
homogenization, 10 mL of each sample was poured

into a 25 mL volumetric balloon with 2 mL ammonium
acetate, while it reached a volume of 25 mL with 50:50
deionized water and methanol. Solid samples (candy)
were first pulverized and after homogenizing 5 grams,
the volume was adjusted to 25 mL as described for
liquid samples. Finally, all prepared samples were
centrifuged at 5000 rpm for 5 minutes at 30°C, and
after passing through a 0.22 um syringe filter, 20 pL
of each sample was injected into HPLC.
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Table 1: Tartrazine dye Analytical Quality Assurance (AQA) data. *Recycling: Minimum and maximum recycling range.

Calibration data
Wavelength Correlation Equation *

Analytics Retention
name time in

RSD* % LOD LOQ

minutes (nm) coefficient for linear Recycling (n=3) (mg/kg)  (mg/kg)
(r) regression range (%)
Tartrazine 3.09 420 0.999 y=54981x+ 2/112-3/106 1.2-3 0.08 0.24
(E102) 2213.3

Table 2: Results of color analysis of samples by TLC method.

Product type Containing a combination of tartrazine and Containing Sample size
other synthetic dyes (%) tartrazine (%)

Freeze pop products 14) 0 25

Fruit ice cream 0 0 20

Jellies 2 (3.51 2 (3.5D 57

Lollipops 11 (22.92) 6 (12.5) 48

Total 14 (9.33) 8 (5.33) 150

Table 3: Results of color analysis of samples by HPLC method.

Product type Containing a combination of tartrazine and Containing Sample size
other synthetic dyes (%) tartrazine (%)

Freeze pop products 22 (88) 0 25

Fruit ice cream 1 (0.05) 9 (0.45) 20

Jellies 46 (80.7) 2 (3.51) 57

Lollipops 33 (68.75) 0 48

Total 102 (68) 11 (7.33) 150

The results of the TLC analysis of the samples
were shown in Table 2 revealing that out of 150
analyzed food items, 118 (78.67%) samples had
additive color, while 32 (21.33%) food samples
did not have any synthetic food color. Totally, 8
samples (5.33%) contained only tartrazine, and
14 samples (9.33%) used tartrazine mixed with
other synthetic dyes. HPLC analysis showed that

out of 150 tested samples, 127 (84.67%) samples
had synthetic colors and 23 (15.33%) samples
did not have any synthetic color. Eleven (33.7%)
samples had tartrazine alone and 102 samples
(68%) contained tartrazine mixed with other
colors as described in Table 3. Most frauds were
demonstrated to be performed in foods related
to jelly, candy, ice cream and then freeze pop,
respectively (Figure 3).

Tartrazine

freeze pop dairy-free fruitice

cream

jelly candy

Figure 3: Comparison of tartrazine frauds in the analyzed samples.
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Asthma-like symptoms, the weakened immune
system, and the aggravation of hyperactivity in
children can be caused by excessive consumption
of synthetic food colors. Tartrazine, as an
unauthorized synthetic color, is widely used
nowadays (14). According to the present study
results, it was observed that 127 samples (84.67%)
had synthetic colors and 23 samples (15.33%)
did not have any synthetic food colors. Also, 113
samples (75.33%) contained unauthorized synthetic
food colors. Kermani et al. in Bojnourd, Iran
(2015) conducted a study on 90 samples of colored
candies. Out of 90 samples of candies, 16 samples
(17.78%) had natural colors and 74 samples (82.3%)
had synthetic colors (15).

Another study conducted in Shahr-e Kord, Iran by
Hafshjani et al. (2014) examined the colors used in
ice cream, saffron liquids, candy, confectionery tea,
kebab chicken, etc. Their findings showed that 33.8
% of the samples had synthetic food colors. Also, the
highest use of synthetic colors was for confectionery
tea with an average of 56.2% and the lowest for ice
cream with an average of 7.1%, as reported in the
present study, which found the least synthetic colors
in ice cream. In their study, the most synthetic colors
used belonged to tartrazine with an average of 67.7%,
and the lowest amount of tartrazine was reported for
ice cream, which is consistent with the results of the
present study (16). Arast ef al. in Qom (2010) examined
398 food samples to identify synthetic colors; while
the results showed that 52% of the samples did not
have synthetic colors. Twenty-six point seven percent
of the samples had unauthorized synthetic colors,
21.3% had authorized synthetic colors and the most
widely used color was yellow (17).

Regarding the comparison of the TLC and HPLC
methods to identify tartrazine fraud in four categories
of snacks consumed by children, it was determined
that more than half of the samples were analyzed by
the HPLC method containing tartrazine, but in the
TLC method, out of 25 samples of analyzed freezed
pop products, only one sample with tartrazine dye
was detected. Among the analyzed jellies by the TLC
method, 4 jellies were found to contain tartrazine.
The results of HPLC analysis of the jellies showed
that 48 jelly samples contained tartrazine. Among the
analyzed candies, 17 candies were identified by TLC
as containing tartrazine, and in HPLC, 33 samples
of 38 candies had tartrazine. As the results showed,
none of the fruit ice creams had tartrazine according
to the TLC method, but in the HPLC method, 10 out
of 20 fruit ice cream samples had tartrazine. Ten
samples of candy analyzed by TLC methods had
no synthetic colors, so were re-analyzed by HPLC.

The results were similar to the TLC results, which
showed that no synthetic colors were used in these
10 samples. In general, according to Iranian National
Standard No. 740, the use of tartrazine dye in food
is illegal.

Since tartrazine is an unauthorized food color
in Iran, the industry uses a minimal amount of this
color in their products to prevent fraud detection.
Therefore, it could be the reason why the TLC
method did not detect tartrazine fraud, and on the
other hand, tartrazine was one of the colors widely
available at a reasonable price. In ice cream, due to
the low stability and brightness of natural colors
in small quantities usage, and changes in taste in
high quantities usage, therefore industry owners
are turning to synthetic colors. Synthetic colors
in minimal amounts along with natural colors can
create a desired appearance. The difference between
the two detection methods can be attributed to the
low concentration of tartrazine which is below the
TLC limit of detection, or the overlap of tartrazine
with other natural or synthetic colors.

Barani et al. (2019) used the HPLC method to
detect synthetic food color fraud instead of saffron
in 160 grilled chicken samples due to the overlap
of crocin stains with tartrazine stains in the TLC
method. The results showed that 25.62% of the
samples were stained with saffron and 74.38% were
stained with synthetic food color, of which 10% of
the staining with synthetic colors was related to
tartrazine (18). Kucharska ez al. (2009) studied three
chromatographic methods, including TLC, HPLC
and high-performance thin-layer chromatography
(HPTLC), to identify synthetic food colors. Their
results showed that each of the three methods could
be used successfully to analyze synthetic food colors,
but none were entirely ideal. Although the TLC
method is the most efficient method for determining
the type of colors in terms of simplicity and low
cost, but in this method, some natural and artificial
colors may have the same maximum absorption and
Rf coefficient, and this can cause some problems in
color differentiation and recognition (19).

Conclusion

The findings indicated that tartrazine color was
used illegally in a wide range of analyzed samples
despite the prohibition of tartrazine usage in the
food industry. This unauthorized food color is
used in the food industry in minimal quantities
and in combination with other permitted colors.
As mentioned, tartrazine can cause problems for
some sensitive people with their health. Due to the
differences in the detection results of tartrazine
by TLC and HPLC, it is necessary to use more

Int J Nutr Sci June 2025;10(2)

329



Rahnama et al.

practical and accurate methods such as HPLC to
investigate the fraud of color additives, especially
in foods consumed by sensitive groups. Although
significant differences were found in the detection
of tartrazine between these two methods, TLC is
still practical and cost-effective, especially for mass
screening and routine analysis, which are costly
and time-consuming.
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