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Abstract. Food flavorings in general are few studied for the toxicological aspect. This condition justifies toxicity, cytotoxicity and 

genotoxicity assessments of the substances. In the present study, the toxicity of banana, cherry and hazelnut flavorings was 

evaluated in meristematic cells of roots of Allium cepa, in pure form (as marketed) and in the concentrations of 12.5; 25 and 50%, 

after 24 and 48 hours of exposure. Toxic potential of these food additives was also evaluated against Artemia salina nauplii at 

concentrations of 0.78; 1.56; 3.12; 6.25; 12.5; 25 and 50%, after 24 hours of exposure. The three additives, in all treatments and 

times of analysis considered, caused significant inhibition of cell division in A. cepa, however did not cause cellular alterations 

to the evaluated meristems. These food flavorings also caused significant mortality to micro crustaceans with LC50<100 μg/mL. 

From this, under the conditions of mentioned analyzes, cherry, banana and hazelnut flavorings induced significant toxicity and 

cytotoxicity to the bioassays used.
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Resumen. En general, los aspectos toxicológicos de los saborizantes de los alimentos son poco estudiados. Esta condición 

justifica las evaluaciones de toxicidad, citotoxicidad y genotoxicidad de estas sustancias. En el presente estudio, se evaluó la 

toxicidad de los aromas de plátano, cereza y avellana en células meristemáticas de raíces de Allium cepa, en forma pura (según 

comercializa) y en concentraciones de 12.5; 25 y 50%, después de 24 y 48 horas de exposición. El potencial tóxico de estos 

aditivos alimentarios también se evaluó frente a nauplios de Artemia salina a concentraciones de 0,78; 1,56; 3.12; 6.25; 12.5; 25 

y 50%, después de 24 horas de exposición. Los tres aditivos, en todos los tratamientos y tiempos de análisis considerados, cau-

saron inhibición significativa de la división celular en A. cepa, sin embargo, no causaron alteraciones celulares a los meristemos 

evaluados. Estos saborizantes alimentarios también causaron una mortalidad significativa a microcrustáceos con LC50 <100 μg/

mL. A partir de esto, bajo las condiciones de los análisis descriptos, los aromatizantes de cereza, plátano y avellana indujeron 

toxicidad significativa y citotoxicidad para los bioensayos utilizados.
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Introduction
Food additives or micro-ingredients have be-
come mandatory in modern food, mainly be-
cause of their ability to maintain a long-time 
quality of food marketed in supermarkets (Xu et 
al. 2013; Sales et al. 2017). Among these sub-
stances, aroma and flavor additives are of par-
ticular relevance because they give or enhance 
aroma and flavor to the most varied types of 
processed foods (Adami and Condi 2016). 
The aroma and flavor additives substances have 
a complex chemical composition, consisting of 
diluents, antioxidants, defoamers, preserva-
tives, emulsifiers, stabilizers, acidity regulators, 
flavor enhancers, anti-wetting agents, anti-cak-

ing agents, dyes and extraction and processing 
solvents (Xu et al. 2013; Sales et al. 2017). The 
chemical formulation of the semicro-ingredients 
is approved for use worldwide by the Flavor Ex-
tract Manufacturers Association (FEMA), Food 
and Agriculture Organization (FAO) and in Bra-
zil, by the National Health Surveillance Agency 
(ANVISA) (Agência Nacional de Vigilância Sani-
tária 2007; Carvalho et al. 2017). According 
to the Codex Alimentarius (2009), the general 
chemical formulation of flavor and flavor addi-
tives are standardized worldwide.
Although authorized, most of the flavorings 
used in the industry do not have established 
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Acceptable Daily Intake (ADI), since so far there 
are few surveys of toxicological assessments 
on these food additives (Xu et al. 2013; Koca et 
al. 2015; Moura et al. 2016). Thus, it is relevant 
to carry out studies that determine the toxic, 
cytotoxic and genotoxic potential of flavor mi-
cro-ingredients (Koca et al. 2015; Sales et al. 
2017). In this way pointed out that the toxico-
logical evaluation, at systemic and cellular lev-
els, of these additives is extremely important in 
terms of promoting food security of the popula-
tion and providing a basis for the development 
or modification of food security strategies of 
surveillance agencies (Moura et al. 2016). 
The root meristematic zone of Allium cepa 
L. (onion) is an efficient test organism for the 
evaluation of toxicity at cellular level (Herrero 
et al. 2012). This organism has excellent kinetic 
properties of proliferation, large chromosomes 
in reduced number (2n = 16), which facilitates 
the detection of chromosomal aberrations and 
abnormalities in the mitotic pindle (Tabrez et 
al. 2011; Gomes et al. 2013). It also allows the 
verification of changes in cell division or mitotic 
index when exposed to chemical compounds 
with potential cytotoxicaction (Neves et al. 
2014). A. cepa system is very effective for ini-
tial assessment of cytotoxicity and genotoxic-
ity of chemical compounds or for validation of 
these conditions after conducting research in 
other bioassays (Neves et al. 2014; Marques et 
al. 2015).
Another relevant test organism for the initial 
assessment of the toxicity of chemical com-
pounds is Artemia salina (Anostraca) (Rosa et 
al. 2016). Nauplii of this species are used as 
biological test to evaluate the toxic potential 
of useful natural and/or synthetic substances 
(Paredes et al., 2016). The lethality of this or-
ganism has been used to identify biological 
responses, in which variables such as death 
or life are the only ones involved (Meyer et al. 
1982; Paredes et al. 2016).
Thus, the present study aimed to evaluate, 
through different treatments or concentrations, 
the toxic, cytotoxic and genotoxic potentials 
of synthetic flavoring additives of cherry, ba-
nana and hazelnut, to the root meristem cells 
of A. cepa, in Vero cells and A. salina nauplii. 
These flavorings were chosen for analysis be-
cause they are widely used in the food industry 
in the preparation of processed sweet foods, 
and there is no scientific literature evaluating 
the toxicity of these flavorings.

Material and methods
Obtaining flavorings and determination of 
treatments for toxicity assessment
Aroma and flavor additives, nature identical 
synthetic, commercially available in non-greasy 
liquid form of cherry, banana and hazelnut were 
obtained from a food additive manufacturing in-
dustry located in the city of São Paulo, State of 
São Paulo, Brazil, specialized in the domestic 
and international marketing of food additives.
In the test A. cepa, the roots of the bulbs were 
exposed to each flavoring from the following 
treatments: pure flavoring (without dilution) and 
flavoring dissolved in distilled water in the con-
centrations of 12.5; 25 and 50%. In the tests 
MTT and A. salina, the following treatments 
were established: pure flavoring (without dilu-
tion) and flavoring diluted in aqueous solution 
of synthetic sea salt (30 g/L) at concentrations 
of 0.78; 1.56; 3.12; 6.25; 12.5; 25 and 50%.

Cytotoxicity and genotoxicity test in root meri-
stem cells of Allium cepa L 
For the evaluation of the flavorings in root meri-
stems, initially, onion bulbs were placed in aer-
ated flasks with distilled water to obtain 2.0 cm 
long roots. For the analysis of the all treatment, 
an experimental group with five onion bulbs 
was established. Before placing the roots in 
contact with their respective treatments, some 
roots were collected and fixed to serve as con-
trol of the bulb itself, which was identified as 
analysis time 0 hour (0 h).Then, the remain-
ing roots were placed in their respective treat-
ments for 24 and 48 hours, procedures called 
exposure times 24 and 48 h, where root collec-
tion was performed every 24 hours. A negative 
control was prepared only with distilled water, 
in which roots were also collected at 0, 24 and 
48 h. All roots collected during the experiment 
were fixed in Carnoy 3:1 (ethanol:acetic acid) 
for up to 24 hours.
Slides were mounted according to the proto-
col proposed by Guerra and Souza (2002), and 
analyzed under an optical microscope with a 
40x objective. For each bulb, 1,000 cells were 
analyzed, totaling 5,000 cells for each control 
group (0 h), 24 h exposure time group and 48 h 
exposure time group. Cells were counted in 
interphase and during cell division, and the 
mitotic index was calculated, thus determin-
ing the cytotoxic potential. Genotoxicity was 
evaluated through micronuclei frequency, and 
aneugenic or mitotic spindle alterations were 
evaluated through the frequency of colchicine 
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metaphases, anaphase and telophase bridges, 
gene amplifications, cells with adhesion, nucle-
ar buds and multipolar anaphases. The results 
of cytotoxicity and genotoxicity were analyzed 
by the Chi-square test (χ2) at 5%.

Toxicity test in nauplii of Artemia salina Leach
The toxicity test of aroma and flavor additives 
against A. salina was carried out according to 
the protocol proposed by Meyer et al. (1982) 
and Paredes et al. (2016). A. salina eggs were 
incubated in solution of synthetic sea salt (30 
g/L) in a glass vessel equipped with a dark 
compartment and another with artificial light. 
The water was maintained at room tempera-
ture under constant stirring and aeration for 48 
hours until hatching of the larvae. 
With the aid of a Pasteur pipette, the larvae or 
micro crustacean nauplii (n = 10) were trans-
ferred to test tubes containing 3 mL of each 
treatment. Flavorings concentrations were pre-
pared in saline water ranging from 1000 to 7.81 

Table 1. Mitotic indices (IM%) observed in root meristem tissue of Allium cepa exposed at 
0, 24 and 48 hours exposed to distilled water (control negative) and to different treatments 
or concentrations of cherry, banana and hazelnut flavorings for evaluation of cytotoxicity.

A significant decrease in mitotic index, as ob-
served in Table 1, is indicative of high cytotox-
icity of the test substance. As mentioned by 
Herrero et al (2012) and Türko lu (2007), mitotic 
indices significantly lower than the control in-

Treatments  Concentration IM%(0 h) IM%(24 h) IM%(48 h)

Negative control   41.9a 41.7a 41.3a

  pure 42.1a 4.5b* 1.3 b*

  50% 40.9a 4.1b* 1.1b*

Cherry flavoring  25% 39.9a 4.7b* 2.1b*

  12.5% 40.1a 5.0b* 2.8b*

  pure 48.1a 3.9b* 2.2b*

  50% 37.2a 3.1b* 1.8b*

Banana flavoring  25% 41.1a 4.0b* 2.3b*

  12.5% 38.9a 3,9b* 1.8b*

  pure 47.3a 5.4b* 5.1b*

  50% 43.0a 7.3b* 6.1b*

Hazelnut flavoring  25% 49.0a 7.7b* 5.9b*

  12.5% 41.2a 7.0b* 7.1b*

µg/mL. The control was prepared only with so-
lution of synthetic sea salt (30 g/L). All treat-
ments were analyzed in triplicate, and the num-
ber of dead larvae was counted after 24 hours 
of exposure.

Results and discussion
Based on the results in Table 1, the mitotic in-
dices obtained for the root meristem cells of A. 
cepa exposed to cherry, banana and hazelnut 
flavorings, in pure form and in the three con-
centrations analyzed, at 24 and 48 h exposure, 
were significantly lower than the observed cell 
division indices for their respective 0 h expo-
sure time. Furthermore, the cell division indices 
for the 24 and 48 h exposure times of all treat-
ments also demonstrated significant inhibition 
of cell division to the meristematic tissue when 
compared to the mitotic index obtained for the 
negative distilled water related to the same ex-
posure times. The concentrations evaluated 
were not genotoxic in the A. cepa.

TIM: Mitotic Index. Different letters between the exposure times, in each concentration of a flavoring, shows that the 
obtained mitotic indices differ from each other (p<0.05). *means that the mitotic indices obtained at each concentration 
differ from the mitotic indices obtained for the negative control, considering the same exposure time (p<0.05).

dices, such as those observed in the present 
study for cherry, banana and hazelnut, indicate 
the presence of agents whose toxic action im-
pairs the growth and development of exposed 
organisms. In addition, these authors state that 
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the inhibition of cell proliferation triggered by 
cytotoxic compounds in tissues of intense cel-
lular proliferation and normal performance, as 
used in this research is very harmful to the or-
ganism by inhibiting or limiting the replacement 
of cells, altering the production of proteins and 
result in dysfunction of the organ where it is lo-
cated. Such losses, according to Valavanidis et 
al. (2013) and Zilifdar et al. (2014) can signifi-
cantly compromise the cellular division of the 
affected tissue or organ and trigger and/or po-
tentiate cancerous processes.
In relation to the condition of the flavorings have 
shown cytotoxic but not genotoxic potential to 
A. cepa, it is important consider to the princi-
ple of the cell cycle is the formation of identical 
cells, the production of new cells with signifi-
cant changes in structure and/or chromosome 

It was neither found in the literature and nor 
on the labels of flavorings, the specific chemi-
cal composition of cherry, banana and hazel-
nut additives. However, the literature contains 
studies demonstrating the toxicity, at the cel-
lular level, of chemical constituents with diluent 
and preservative actions (Brasil 2007), accord-
ing on the basic formulation of flavorings, and 
corroborating the data obtained for the three 
flavorings evaluated in this study.
Among these compounds, stands out the ben-
zoic acid, responsible for maintaining uniformi-
ty and facilitating incorporation and dispersion 
of the flavor in food products. Analyzing the ac-
tion at the cellular level of this diluent, Demir 
et al. (2015) fou nd that the alcohol promoted 
significant damage to the mitotics pindle and 
therefore to cell division in human peripheral 
blood cells. Another diluent found in the fla-
voring formulation is diacetyl (2, 3-butadione). 
Whittaker et al. (2008) reported that this com-

number make cell functioning unfeasible and 
tend to be eliminated from tissues with normal 
performance, which may lead to a significant 
antiproliferative effect (Marques et al. 2015; 
Sales et al. 2017).
In the evaluation of toxicity of cherry, banana 
and hazelnut food flavorings against nauplii of 
A. salina are given in Table 2. The results re-
vealed that all the samples tested showed high 
toxicity (LC50<100 μg/mL) against A. salina, ac-
cording with Paredes et al. (2016). Cherry was 
the most toxic with 100% lethality at all con-
centrations tested, followed by banana and ha-
zelnut, respectively. Hazelnut and banana still 
killed the larvae at the lowest dose (7.81 ppm). 
The toxicity results observed in A. salina (Ta-
ble 2) corroborate the results of cytotoxicity of 
these flavorings observed in A. cepa.

Table 2. Toxicity of cherry, banana and hazelnut flavorings to Artemia salina after 24 hours of exposed.

% Mortality

Flavoring (µg/mL) 1000  500 250  125 62.5  31.5 15.62  7.81 LC
50 

(µg/mL)

Cherry 100  100 100  100 100  100 100  100 < 7.81

Banana 100  100 100  100 100  100 90   73 < 7.81

Hazelnut 100  100 100  70 46.66  3.33 0   0 66.09

LC50 (Lethal Concentration 50%); LC50< 100 µg/mL high toxicity.

pound in gene mutation assay in rat lympho-
ma caused significant damage to the loci of 
chromosome 11 of these cells, causing loss of 
expression of genes for thymidine kinase en-
zyme. Still, More et al. (2012) verified that the 
diacetyl diluent had the potential to replace 
thymine with guanine in regions of euchromatin 
and to cause disruption of hydrogen and disul-
fide bonds in the tertiary structure of enzymes 
involved in the process of cell division. 
In the composition of food flavorings, preserva-
tive compounds are also found: boric acid, citric 
acid, potassium citrate and sodium citrate (Bra-
sil 2007), which, according to Türko lu (2007), 
resulted in a significant reduction in the cell divi-
sion index of root meristem cells A. cepa, prov-
ing to be cytotoxic. In turn, among the chemical 
constituents responsible for delaying the ac-
tion of microorganisms, enzymes, and physical 
agents in flavoring solutions, potassium ben-
zoate, sodium benzoate and potassium nitrate 
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(Brasil 2007) are preservatives that, according 
to Mpountoukas et al. (2010) and Zeguin et al. 
(2013), were cytotoxic and genotoxic to normal 
human peripheral blood cells. 
The results obtained in this study and those 
already available in the scientific literature on 
the cellular toxicity of some constituents of the 
chemical composition of flavorings show that 
–although the use of flavoring additives is al-
lowed by FAO, FEMA and ANVISA –there is 
an urgent need for clarification, through more 
detailed studies in the medium and long term, 
in different test systems, doses and exposure 
time, as to the toxicity of these substances. 
It results also indicate the need to set, as by 
high performance liquid chromatography, the 
chemical composition of flavorings in general, 
so as to consistently determine the toxicity of 
these additives property and ensure the safety 
of consumers.
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