
218 Food Sci. Technol, Campinas, 33(1): 218-223, Jan.-Mar. 2013

ISSN 0101-2061 Food Science and Technology

Received 16/7/2012
Accepted 21/1/2013 (005793)
1	 Núcleo de Pesquisa Aplicada a Saúde e ao Meio-ambiente, Laboratório de Citogenética Vegetal e Animal, Universidade Federal do Piauí – UFPI, Campus Senador Helvídio 

Nunes de Barros, Rua Cícero Duarte, 940, Bairro Junco, CEP 64600-000, Picos, PI, Brasil, e-mail: anpapegenpes@hotmail.com
*Corresponding author

Citotoxicity of food dyes Sunset Yellow (E-110), Bordeaux Red (E-123),  
and Tatrazine Yellow (E-102) on Allium cepa L. root meristematic cells

Citotoxicidade dos corantes alimentares Amarelo Crepúsculo (E-110), Vermelho Bordeaux (E-123)  
e Amarelo Tartrazina (E-102) em células meristemáticas de raízes de Allium cepa L.

Keiva Maria Silva GOMES1, Maria Virna Gonçalves Aguiar de OLIVEIRA1,  
Francisco Ronielson de Sousa CARVALHO1, Camila Carvalho MENEZES1, Ana Paula PERON1*

1 Introduction
Dyes are a class of food additives without nutritional value 

which are added to foods with the objective of providing color 
thus making the product more attractive and increasing its 
consumer acceptability (POLÔNIO; PERES, 2009). For that 
reason, the use of dyes is one of the most controversial advances 
for the food industry because, from a health point of view, such 
dyes, mainly the artificial ones, are not recommended (SILVA; 
REED, 2010; CHEESEMAN, 2012).

However, according to Marmitt, Pirottas and Stulp (2010), 
in spite of resistance of some specialists to the ingestion of these 
additives, the estimate of food dye and pigment production is 
from 750 to 800 thousand tons a year, of which 26 thousand, 
on average, are consumed only in Brazil.

On a worldwide basis, the control of the use of food dyes is 
based on the Acceptable Daily Intake (ADI), which is based on 
the results of international research and the recommendations 
of the Codex Committee on Food Additives and Contaminants 
(CCFAC) (BESSONOV et al., 2011; GANESAN et al., 2011). 

In Brazil, permission for use and determination of tolerable 
maximum levels of food additives is the responsibility of the 
National Agency of Health Surveillance (ANVISA) and the 
Ministry of Health, which conduct these inspection activities 
through the Standing Committee on Food Additives (CPAA) 
(FÁVERO; RIBEIRO; AQUINO, 2011).

However, in spite of the control demanded by these 
regulatory agencies, the use of dyes in foods still raises a series 
of doubts as to their toxicity. This is due to the great difficulty 
in verifying whether the amount of additives used by the food 
industry are in accordance with the current laws (ANVISA 
for example) since in Brazil it is not mandatory to declare the 
amount of dyes present in the products on the label; only a list 
of the additives used have to be declared (BRASIL, 2005).

Among the most commonly used dyes by the food industry 
are those that contain an Azo group (–N=N–) including the 
sunset yellow, the bordeaux red, and the tartrazine yellow. These 
dyes are extensively used in cereals, candies, dairy products, 
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2 Materials and methods
This study was developed at the Plant and Animal 

Cytogenetics Laboratory of the Senador Helvídio Nunes 
de Barros Campus of the Federal University of Piauí, Picos 
Municipal District, State of Piauí, from October, 2010 to June, 
2011.

The flasks containing 10 mL of the tartrazine yellow, 
bordeaux red, and sunset yellow dyes (Mix Coralin, Brazil, São 
Paulo) were purchased at a bakery supply store in the municipal 
district of Picos, PI. They were evaluated them in the form in 
which they are used by the population. The dye solution of 
each flask was made up of 90% of the dye of interest and 10% 
of other sugars.

Two doses of each dye were determined based on the 
recommendations on the label of the flasks, which was 10 mL 
dye per 2 kg of mass. Thus, the volume of 10 mL was estimated 
from the weight of each onion bulb that was on average 0.08 kg. 
The first dose established for each of the dyes studied was 0.4 
mL and the second was 10 times higher than the first, 4 mL.

Onion bulbs (Allium cepa L.) were allowed to germinate in 
flasks with distilled water, at room temperature (± 25 °C), and 
under aeration until the roots reached about 1.0 cm of length.

For the analysis of each dose, an experimental group was 
established with five onion bulbs. The analyses consisted of 
two groups of bulbs, one of 0.4 and one of 4 mL, for each dye 
evaluated. Before putting the roots of the bulbs in contact with 
their respective treatment doses, four roots, on average, were 
collected and fixed to serve as control (CO).

Next, the roots of each bulb were placed in their respective 
treatment doses for 24 hours, this procedure was denominated 
24-hour exposure time (ET 24h). After this period of time, 
four roots, on average, were removed and fixed. Subsequently, 
the remaining roots of each bulb were again placed in their 
respective treatment doses where they remained for 24 more 
hours; this procedure was denominated 48-hour exposure time 
(ET 48h). Next, the roots of each onion bulb were again collected 
and fixed. Root fixation was carried out in Carnoy 3:1 (ethanol: 
acetic acid) for approximately 6 hours.

After fixation, the roots were submitted to acid hydrolysis 
for 8 minutes and then stained with acetic orcein. Next, cytology 
slides were prepared according to the protocol by Guerra and 
Souza (2002). For each root, one slide was prepared and its 
analysis was carried out under an EK 2000 optical microscope 
at 40X, where the number of cells under division, the number 
of cells in interfase, and the presence of cellular aberrations 
were observed.

A total of 1000 cell bulbs of each experimental group 
were analyzed totaling 5000 cells per group. Mitotic index was 
calculated by the number of cells under division, divided by total 
number of cells analyzed. The statistical analysis of the data was 
carried out by the Chi-square test at 5% significance level using 
the BioEstat statistical program (AYRES et al., 2007).

jellies, ice creams, fillings, liqueurs, powdered juices, soft drinks, 
and yogurts (MEINICKE, 2008).

In the past decade, these three dyes have caused controversy 
as to their toxic effects, and their use was forbidden in some 
countries such as the United States and Japan, where from 
the results of bioassays with mammals, they were shown to be 
mutagenic and even carcinogenic (FENG; CERNIGLIA; CHEN, 
2012). However, in toxicological evaluations in other countries, 
such as in England and Brazil, they did not show significant 
cytotoxicity in tests with rodents and continue to be marketed 
freely (ORSOLIN; NEPOMUCENO, 2009; MORRISON; 
WRIGHT; JOHN, 2012). Thus, according to Rutkunas, 
Sabaliauskas and Mizutani (2010), studies on the adverse health 
effects caused by artificial dyes, mainly those of the azo group, 
are insufficient and quite contradictory, and, as such, additional 
studies on various system-tests such as mammals, plants, insects, 
and in vitro cell culture should be conducted to assess the true 
effect of these food additives on a cellular level.

Due to the diversity of substances with the capacity to dye, 
the list of food dyes allowed in each country varies substantially. 
According to the current legislation, through Resolution No. 
388, of August 9, 1999, of ANVISA, for food and drink, the 
use of only eleven artificial dyes are allowed in Brazil, namely 
Erythrosine, included in the class of xanthene dyes; indigo blue, 
included in the class of indigoid dyes; patent blue V, fast green; 
and brilliant blue included in the class of triphenilmetane dyes; 
bordeaux red, ponceau 4R, red 40, azorrubine, tartrazine yellow 
and sunset yellow, included in the class of azo dyes (BRASIL, 
2005).

The bioassays with plants have been considered quite 
sensitive and simple in the monitoring of the cytotoxic effects of 
chemical compounds (USEPA) (GRANT, 1999; IGANCI et al., 
2006), and the Allium cepa (onion) has been indicated as an 
efficient system-test for cytotoxicity evaluation (LEME; MARIN-
MORALES, 2008) due to its kinetic proliferation properties and 
to its reduced number (2n = 16) of large chromosomes and other 
characteristics, which facilitates its analysis for the detection of 
damage to the DNA molecule structure (MATSUMOTO et al., 
2006, CARITÁ; MARIN-MORALES, 2008; HERRERO; 
PEREZ; FERNÁNDEZ, 2012) and changes in the cell division 
index (mitotic index ), such as the increase or reduction in the 
proliferation of tissue cells exposed to chemical compounds 
(GADANO  et  al., 2002; TABREZ  et  al., 2011), and also for 
demonstrating satisfactory similarity to the results obtained 
with other bioassays such as those conducted with animals 
and cell cultures (NUNES  et  al., 2011; ARUNG  et  al., 2011; 
GERAS’KIN et al., 2011).

Therefore, due to the wide industrial use of the food dyes 
tartrazine yellow, bordeaux red, and sunset yellow in the 
coloration of foods, the need for additional studies and the 
deep involvement of researchers in the evaluation of the effect 
of these dyes on a cellular level and considering the Allium cepa 
system as an appropriate bioassay for evaluation of cytotoxicity 
of chemical compounds, the objective of this study was to 
analyze the cytotoxic effect of these three food dyes on Allium 
cepa L. root meristematic cells.
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chromosomal aberrations present in the Allium cepa L. root 
meristematic cells treated with water and with the food dyes 
sunset yellow, bordeaux red, and tartrazine yellow under the 
exposure times of 24 and 48 hours.

Sunset yellow, bordeaux red, and tartrazine yellow dyes 
at the two doses and under the two exposure times evaluated 
had a statistically significant number of cellular aberrations 
as compared to their controls. However, when comparing the 
values of cellular aberrations between the two exposure times, 
at the two doses evaluated, it was observed that the result was 
not statistically significant for any of the dyes under study.

4 Discussion
The azo group dyes present a naphthalene ring connected 

to a second benzene ring by an azo bond (N=N). Those rings 
can contain one, two, or three sulfonic groups. This dye group, 
globally, represents the class of the most commonly used 
synthetic dyes by the food industry, mainly sunset yellow, 
bordeaux red and tartrazine yellow dyes (MORRISON; 
WRIGHT; JOHN, 2012).

These three dyes are controversial in relation to their toxic 
activity and attract the interest of toxicologists and allergists. 
They are seen as responsible for various immunological 
reactions causing urticaria (hives) or even asthma. It is estimated 
that one person in 10 thousand people have adverse reactions to 
these dyes (WORLD…, 2005). According to Sayed et al. (2012), 
it is suspected that a significant correlation exists between the 
mutagenic effect of azo group food dyes and the triggering of 
various human pathologies.

The sunset yellow food dye is synthesized from coal tar 
and azoic paints. This dye, as mentioned by Sardi et al. (2010), 

3 Results
Table 1 shows the number of cells in interphase, in different 

phases of cell division, and the mitotic index values obtained 
from the root meristematic cells of Allium cepa treated with 
water and with the food dyes sunset yellow, bordeaux red, and 
tartrazine yellow under exposure times of 24 and 48 hours. The 
results shown in Table 1 include the χ2 values obtained.

The significant values of χ2 obtained between CO and 
exposure times and between the exposure times evaluated were 
also included in the results.

It can be seen that the mitotic index value obtained for the 
Sunset Yellow dye at the dose of 0.4 mL for ET 48h, differed 
significantly from that of the mitotic index of its CO (χ2 =10.97) 
and ET 24h (χ2 = 9.38) (Table 1). At the dose of 4.0 mL of this 
dye, the cell division indexes of ET 24h (χ2 = 3.85) and ET 48h 
(χ2 = 4.32) also differed significantly from those of the control 
group.

With regard to the data obtained for the bordeaux red food 
dye (Table 1), at the dose of 0.4 mL, the cell division index of 
ET 48h differed statistically from the cell division index of its 
CO (χ2 = 5.76) and from the mitotic index obtained for ET 24h 
(χ2 = 4.44). Similarly, with the application of the 4.0 mL dose, 
the mitotic index values obtained for ET 24h (χ2 = 8.63) and 
for ET 48h (χ2 = 9.73) had lower values than that of the control. 
With the application of 4.0 mL at ET 48h for the tartrazine 
yellow dye there was a significant reduction in the mitotic index 
as compared to its respective CO (χ2 = 6.29) and to ET 24h 
(χ2 = 4.35), thus demonstrating a cell proliferation inhibition 
with the increase of the dye concentration and its exposure time.

Table  2 shows the number of micronucleated cells with 
bridges in anaphase- and telophase and the total number of 

Table 1. Total number of cells analyzed in the cell cycle of root tip cells Allium cepa treated with 0.4 and 4.0 mL of the food dyes sunset yellow, 
bordeaux red, and tartrazine yellow at exposure times of 24 and 48 hours 

Dye/Dose Exposure times Cells in interphase  Cells under division Mitotic index (%) 
Sunset Yellow CO 4,015 985 19.7a

0.4 mL ET 24h 4,100 900 18.0a

ET 48h 4,750 250 5.0b

Sunset Yellow CO 4,400 600 12.0a

4.0 mL ET 24h 4,740 260 5.2b

ET 48h 4,760 240 4.8b

Bordeaux Red CO 4,525 475 9.5a

0.4 mL ET 24h 4,705 295 5.9a

ET 48h 4,895 105 2.1b

Bordeaux Red CO 4,455 545 10.9a

4.0 mL ET 24h 4,400 60 1.2b

ET 48h 4,700 30 0.6b

Tartrazine Yellow CO 4,475 525 10.5a

0.4 mL ET 24h 4,620 380 7.6a

ET 48h 4,650 350 7.0a

Tartrazine Yellow CO 4,563 437 8.7a

4.0 mL ET 24h 4,667 333 6.7a

ET 48h 4,935 65 1.3b

CO – Control; ET – Exposure time. Means followed by the same letter do no differ significantly by the chi-square test (P ≤ 0.05).
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Drosophila melanogaster larvae, it can be verified that this dye 
caused somatic mutations in these organisms. Mpountoukas et al. 
(2010) conducted an experiment on human peripheral blood 
cell cultures evaluating the cytotoxic effect of the bordeaux red, 
erythrosine, and tartrazine yellow food dyes, and they found that 
the three dyes under study caused mitotic index reduction and 
induced the emergence of cellular aberrations, e.g. micronuclei, 
in those cells. Shimada et al. (2010) evaluated the effect of the 
bordeaux red dye at various concentrations on the colon cells of 
rats and mice, and they verified that all the doses tested caused 
chromosomal aberrations and reduction in the cell division 
index of the tissue cells evaluated in those animals.

The 90’s were marked by special attention given to the 
cytotoxicity of the food dye tartrazine yellow due to its 
antiproliferative activity and potential to cause structural 
chromosomal aberrations (MEINICKE, 2008) which is in 
agreement with the results obtained for the root meristematic 
cells of Allium cepa in the present study.

In addition to the studies of Sasaki  et  al. (2002) and 
Mpountoukas et al. (2010) previously mentioned, other studies 
have already been conducted evaluating the effect of the 
tartrazine dye on a cellular level, such as the study conducted 
by Polônio and Peres (2009), who evidenced the mutagenic 
potential of this dye in in vitro cultures of human stomach cells. 
They also observed that this food dye changes the turnover rate 
of the human stomach cells during their normal growth, and 
they also interfere in their regenerative hyperplasia process and 
thus contribute to the development of gastric cancer.

In another study conducted by Moutinho, Bertges and Assis 
(2007), it was verified that being a nitrous derivative, the dye 
tartrazine demonstrated to have mutagenic and carcinogenic 
potential in rodents; these authors, investigating a treatment 

can cause anaphylactic shock, angioedema, vasculitis, and 
thromboxane synthesis inhibition in people sensitive to its 
composition; it can enhance aggressive behavior in children, and 
trigger serious allergic reactions in people that have sensibility 
to paracetamol, acetylsalicylic acid, and sodium benzoate.

As for its cytotoxicity, a study conducted by Sayed et al. 
(2012) demonstrated the mutagenic action of this dye in mice 
with significant chromosomal aberration values in the liver 
and germinative cells, DNA fragmentation, and increase of 
morphological abnormalities in spermatozoids of those animals. 
Poul et al. (2009) also verified the mutagenic action in intestine 
cells of rodents when orally treating mice with sunset yellow, 
bordeaux red, and tartrazine yellow dyes.

These two studies corroborate the data obtained in the 
present study on the induction of cellular aberrations at the 
two doses tested of the sunset yellow dye under the exposure 
times of 24 and 48 hours, and they reinforce the potential to 
trigger mutagenic action in the cells. However, Sasaki  et  al. 
(2002), evaluating the sunset yellow food dye, found different 
from the results obtained in this study and those found by 
other researchers; he verified that the same did not induce 
the emergence of cellular aberrations in stomach cells of mice 
treated orally at the maximum allowed dosage of 2.000 mg/kg.

Another dye controversial in scientific circles is bordeaux 
red, synthesized from coal tar. Some time ago this dye aroused 
controversy about its toxicity in laboratory animals, and its 
use was prohibited in some countries; however, it is still used 
extensively in others, for instance, in Brazil (MEINICKE, 2008; 
NI; WANG; KOKOT, 2009).

In a study carried out by Sarikaya, Selvi and Erkoç 
(2012), investigating the effect of the dye bordeaux red in 

Table 2. Number of micronucleated cells with bridges in anaphase and telophase and total number of aberrant cells treated with 0.4 and 4.0 mL 
of the food dyes sunset yellow, bordeaux red, and tartrazine yellow at exposure times of 24 and 48 hours.

Dye/Dose Exposure Time Bridges in Anaphase and Telophase Micronucleated Cells Total Number of Aberrant Cells
Sunset Yellow CO 00 00 00b

0.4 mL ET 24h 00 12 12a

ET 48h 05 06 11a

Sunset Yellow CO 00 00 00b

4.0 mL ET 24h 02 12 14a

ET 48h 02 08 10a

Bordeaux Red CO 00 00 00b

0.4 mL ET 24h 02 08 10a

ET 48h 00 16 16a

Bordeaux Red CO 00 00 00b

4.0 mL ET 24h 05 12 17a

ET 48h 04 10 14a

Tartrazine Yellow CO 00 00 00b

0.4 mL ET 24h 05 07 12a

ET 48h 03 14 17a

Tartrazine Yellow CO 00 00 00b

4.0 mL ET 24h 04 08 12a

ET 48h 06 12 18a

CO – Control; ET – Exposure Time. The number of cells with the same letter do not differ significantly by the chi-square test (P ≤ 0.05).
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