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1 Introduction
Flavorings are food additives with aromatic and/or sapid 

properties used to confer or enhance the aroma and the taste 
of food without nutritional purpose. They are classified into 
natural, synthetic nature identical, artificial synthetic reaction 
or conversion flavorings and smoke flavorings (Constant et al., 
2007). These substances have a complex chemical composition, 
consisting of diluents, antioxidants, defoamers, preservatives, 
emulsifiers, stabilizers, acidity regulators, flavor enhancers, 
antiwetting agents, anti-caking agents, dyes and extraction 
and processing solvents approved for use worldwide by the 
European Food Safety Authority (EFSA), and in Brazil, by the 
National Health Surveillance Agency (ANVISA) (Brasil, 2007; 
Potera, 2012).

However, due to their chemical composition, flavorings 
in general are considered a controversial advances in the food 
industry by many healthcare experts, which suggest that these 
compounds, along with synthetic food dyes, significantly contribute 
to the dietary impoverishment and also trigger diseases, such 
as allergies and changes in the functioning of the digestive tract 
(Cheeseman, 2012).

Accordingly, Tonetto et al. (2008) and Wrolstad & Culver 
(2012) report that the use of synthetic flavorings raises several 
questions about their toxicity at the systemic and cellular levels, 

especially considering sweet food flavorings. These authors also 
state the urgent need to conduct research evaluating the potential 
toxicity of these additives, which corroborates the appeal of 
ANVISA (Brasil, 2007), for the ongoing and priority improvement 
in the safe use of these compounds in preparing foodstuffs, with 
constant attention to the new scientific information.

Bioassays with plants have been considered highly sensitive 
and simple in monitoring the cytotoxic effects of chemicals 
(USEPA) (Iganci et al., 2006). The Allium cepa L. (onion) system, 
by means of the root meristematic region, has been indicated 
as a suitable test organism for toxicity assessment at the cellular 
level (Caritá & Marin-Morales, 2008). This test system has good 
kinetic properties of proliferation and possesses a reduced number 
(2n = 16) of large chromosomes, which facilitates the detection 
of cell aberrations (Herrero et al., 2012) and the verification of 
changes in cell division rate (mitotic index) in tissues exposed 
to chemical compounds of interest (Tabrez et al., 2011).

According to Herrero et al. (2012), this test system is very 
efficient for the initial cytotoxicity, genotoxicity and mutagenicity 
screening of chemicals or for validation of this condition after 
conducting other bioassays. Furthermore, Arung et al. (2011) 
reported that, in most cases, this test system has satisfactory 
similarity to results obtained with other bioassays. For instance, 
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Abstract
This study aimed to evaluate the cytotoxic and genotoxic potential of food flavorings (Strawberry, Condensed Milk and 
Chocolate) on Allium cepa meristematic root cells, with exposure times of 24 and 48 hours. Cytotoxic and mutagenic potential 
were evaluated separately at doses of 0.2, 0.4 and 0.6 ml and in combination, in which for each dose, the same dose of one other 
flavoring was combined. The results were analyzed by the Chi-square test (p <0.05). The Strawberry flavor in both exposure 
times and the three studied doses, the Condensed Milk at 0.6 ml in the 48 hour exposure time, the Chocolate flavor at 0.4 ml, 
exposure time of 48 hours, and at 0.6 ml, in both exposure times and all treatments with combined doses, significantly reduced 
the cell division rate, proving to be cytotoxic. No treatment resulted in a significant number of cellular aberrations in A. cepa 
cells, therefore, the flavorings, under the conditions studied, were non- mutagenic.

Keywords: food additive; toxicity at the cellular level; meristematic cells of Allium cepa roots.

Practical Application: The results of this study suggest that the studied food flavorings should not be used indiscriminately. 
They also call attention to the urgent need for more toxicity studies using these food additives so as to properly define the 
amount of daily intake of these flavoring by the population.
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the studies of Gomes et al. (2013) and Oliveira et al. (2013), which 
evaluated the toxicity potential of dyes, widely used in the food 
industry, in A. cepa root meristem cells and obtained results 
similar to those obtained in animal and cell culture test systems.

In this context, this study evaluated the toxicity at the cellular 
level of Strawberry, Condensed Milk and Chocolate synthetic 
food flavorings, identical to natural, alone and combined, using 
root meristem cells of A. cepa. These flavorings were chosen 
for the study because they are widely used in the food industry 
in the preparation of sweet processed foods, which are highly 
appreciated by the population, especially children.

2 Materials and methods
The sweet food flavorings, synthetic, liquid, nature identical 

Strawberry, Condensed Milk and Chocolate used in this study 
are of the brand F. Trajano Aromas & Ingredientes.

2.1 Setting doses

The manufacturer suggested the use of 1.0 ml of flavoring per 
1.0 kg of mass. The onion bulbs used had 200g average weight. 
Thus, the lowest dose was determined at 0.2, and the other two 
doses were 0.4 and 0.6 ml. These doses were analyzed alone 
and in combination. The combinations were made as follows: 
the doses 0.2, 0.4 or 0.6 ml of one flavoring combined with the 
same dose of one of the two other flavorings.

2.2 Obtaining the A. cepa root meristem cells for cytogenetic 
analysis

Onion bulbs were placed in flasks with distilled water at room 
temperature (±25° C) and aerated to obtain roots about 2.0 cm 
long. For analysis of each dose (treatment), an experimental group 
with five onion bulbs was determined. Before placing the roots 
in contact with their respective doses, some roots were collected 
and fixed to serve as control of the bulb itself. Subsequently, 
the remaining roots were placed in their respective solutions 
for 24 hours, a procedure called as the 24-hour exposure time.

Next, some roots were removed and fixed. Upon completion of 
this procedure, the rest of the roots of each bulb were returned to 
their respective solutions, where they remained for an additional 
24 hours, which was called as the 48-hour exposure time. After 
this period, roots were collected and fixed again. The exposure 
times of 24 and 48 hours were chosen to evaluate the effects on 
more than one cell cycle.

An amount of 1.0 or 2.0 ml of the flavoring to be tested 
was placed in the flask of each bulb to be studied, taking care to 
verify that all roots were in proper contact with the test solution. 
Roots were fixed in Carnoy 3:1 (ethanol: acetic acid) at room 
temperature for 24 hours. For each root collection, an average 
of three roots per bulb was taken.

2.3 Slide preparation and reading and statistical analysis

For each root collection, of the different exposure times, 
we analyzed 1,000 cells per bulb, totaling 5,000 cells per group. 
For each root collection, we prepared three slides for each bulb. 

On average, 330 cells per slide were analyzed. Following the 
protocol of Guerra & Souza (2002), the slides were stained with 
two drops of 2% acetic orcein and examined under an optical 
microscope at 40X magnification.

Cells in interphase, prophase, metaphase, anaphase and 
telophase were observed. The number of cells in interphase and 
under division for each control and exposure time was counted 
and the mitotic index was calculated as follows: number of 
dividing cells in each treatment/total number of cells analyzed 
for each dose alone or combined) x 100.

We also evaluated the influence of the doses by analyzing 
the number of micronucleated cells in colchicine metaphase, the 
number of anaphase and telophase bridges, gene amplifications, 
cells with adhesions, nuclear buds and multipolar anaphases. 
The analysis of the results was performed by the Chi-square (χ2) 
test (Prism program 5.0, GraphPad Software)

3 Results and discussion
We evaluated the combinations of flavorings because the 

Strawberry, Condensed Milk and Chocolate flavorings are 
widely combined in the preparation of sweet processed foods 
such as biscuits, cookies, puddings, ice creams and chilled pies. 
It is important to clarify that for evaluation of the cytotoxic and 
genotoxic potential of these additives, no dilution was performed 
to determine the dose, that is, we intended to test the toxicity of 
the flavorings to A. cepa root meristems directly in the solution 
present in the market vials. We chose to do this to prevent any 
alteration in the concentration of the compounds present in the 
complex chemical formulation of the flavorings, which could 
be caused in case of dilution.

It is also important to report that, as EFSA states, the 
formulation of any synthetic food flavoring is standardized 
worldwide. However, this regulatory body, as well as ANVISA, 
does not clarify in document, nor require food manufacturers to 
discriminate on the labels of processed foods the concentrations 
of the compounds present in the formulation of these additives.

Table 1 presents the number of cells in interphase and at 
different phases of cell division and the mitotic index values 
from the meristematic tissue cells of A. cepa roots treated with 
water or with Strawberry, Condensed Milk and Chocolate food 
flavorings at exposure times of 24 and 48 hours. Significant 
χ2 values are shown.

The results obtained for the Strawberry flavoring showed that 
all the three doses evaluated were cytotoxic, since they caused a 
significant reduction in the mitotic index of A. cepa root meristem 
cells when compared with the cell division rates obtained for 
their respective controls.

The Condensed Milk flavoring, at a dose of 0.6 ml, in both 
exposure times caused a significant reduction in the cell division 
rate of the test system in relation to the control. The Chocolate 
flavoring, at 0.4 ml and exposure time of 48 hours, significantly 
reduced the mitotic index of the test-organism cells when 
compared with the mitotic index obtained for its respective 
control and for 24-hour exposure. However, the 0.6 ml dose of 
this flavoring at both exposure times statistically reduced the 
cell division rate compared with its respective control.
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of the food additives did not result in a significant number of 
cell aberrations in the test-organism cells.

According to Gomes et al. (2013), reducing mitotic index 
caused by chemical compounds in normal cells, without any 
mutation, leads to tissue dysfunction, by not allowing cell 
replacement, changing protein production and consequently 
resulting in improper functioning of the organism. The inhibitory 
effect of cell division in a tissue can also impair the functioning 
of other organs.

It is noteworthy that flavorings are generally considered a 
less studied class of food additives from a toxicological point 
of view, highlighting the sweet flavorings, justifying the lack of 
data on their toxicity in the scientific literature (Honorato et al., 
2013). Although still considered insufficient by many researchers, 

Table 2 lists the number of cells in interphase and at different 
division phases and also the MI values of the meristematic tissue 
obtained from A.  cepa roots treated with water or synthetic 
food flavorings Strawberry, Condensed Milk and Chocolate in 
combination, at the exposure times of 24 and 48 hours, in which 
for each of the three doses tested - 0.2 or 0.4 or 0.6 ml – of one 
flavoring, the same dose of one other flavoring was combined. 
Significant χ2 values are shown.

The results in Table  2 show that all treatments with the 
flavorings in combination dramatically reduced the cell division 
rate of A. cepa root meristem cells when compared with their 
respective controls. Thus, under these conditions, all treatments 
with combination of the flavorings were cytotoxic to cells of 
the test system used. On the other hand, the doses combined 

Table 1. Total number of cells of the meristematic region of A. cepa roots at exposure times of 24 and 48 hours, with doses of 0.2, 0.4 and 0.6 ml of 
the synthetic sweet, nature identical, Strawberry, Condensed Milk and Chocolate food flavorings.

Strawberry
Dose
(ml) ET TNDC P M A T TCD MI (%)

CO 4587 200 195 169 49 613 12,2a

0.2 24h 4764 114 53 27 33 227 4.5b

48h 4799 83 52 30 30 195 3.9b

CO 4669 215 155 151 49 570 11.4a

0.4 24h 4259 113 90 13 30 246 4.9b

48h 4734 158 46 23 34 261 5.2b

CO 4752 254 151 130 38 578 11.5a

0.6 24h 4469 108 45 34 34 221 4.4b

48h 4612 115 44 37 31 227 4.5b

Condensed Milk
Dose
(ml) ET TNDC P M A T TCD MI (%)

CO 4482 289 95 76 58 428 8.5a

0.2 24h 4601 209 86 44 60 399 8.0a

48h 4845 181 85 47 52 365 7.3a

CO 4626 156 97 68 53 374 7.5a

0.4 24h 4786 84 66 36 28 214 4.3a

48h 4569 83 59 29 18 189 3.8a

CO 4667 149 70 63 52 334 6.7a

0.6 24h 4924 37 19 14 06 76 1.5b

48h 4943 32 12 08 05 57 1.1b

CHOCOLATE
Dose
(ml) ET TNDC P M A T TCD MI (%)

CO 4623 280 90 55 100 525 10.5a

0.2 24h 4580 225 89 48 58 420 8.4a

48h 4609 214 83 51 43 391 8.7a

CO 4519 254 106 60 61 481 9.6a

0.4 24h 4621 255 56 30 38 379 7.6a

48h 4609 76 43 35 24 178 3.5b

CO 4506 254 93 73 74 494 9.9a

0.6 24h 4755 72 27 09 07 115 2.3b

48h 4388 67 20 04 09 100 2.0b

TNDC – Total number of non-dividing cells; P - Prophase; M - Metaphase; A - Anaphase; T - Telophase; ET - Exposure Time; CO - Control; MI - Mitotic Index; TCD - Total number 
of dividing cells; Within the same treatment, MI values followed by different letters are significantly different by the χ2 test at 5%.
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promotes significant damage to the loci of the chromosome 11, 
functional loss of thymidine kinase enzyme genes and drastic 
antiproliferative action against mammalian cells.

As previously mentioned, synthetic sweet flavorings have 
complex composition consisting of several classes of chemical 
compounds that are not specified by regulatory bodies and 
industries responsible for their production as for the amount 
and chemical formulation. Nevertheless, Mpountoukas et al 
(2008) argues that the preservatives in food additives, usually 
and mostly made up of potassium sorbate, sodium benzoate 
and potassium nitrate, showed significant cytotoxicity against 
human peripheral blood cells.

toxicity studies at the systemic level with synthetic savory food 
flavorings have proven that, when used for long periods, they can 
cause hyperactivity in children, with and without attention deficit 
(Stevens et al., 2014), a significant decrease in blood hemoglobin 
concentration, drastic changes in liver function, and significant 
weight loss in rodents, allergies, cutaneous hypersensitivity and 
poor digestion in humans (Anderson et al., 2013).

In the same way as at the systemic level, toxicity studies with 
synthetic savory flavorings at the cellular level are still scarce. 
However, chemical compounds present in some of these additives 
already have, according Whittaker et al. (2008), a well‑defined 
cytotoxic activity, such as the compound Diacetyl, which 

Table 2. Number of cells observed in each cell division phase in meristematic roots of Allium cepa treated with Strawberry, Condensed Milk and 
Chocolate synthetic, sweet food flavorings, nature identical, at doses of 0.2, 0.4 and 0.6 ml in combination, at exposure times of 24 and 48 hours.

Strawberry + CONDENSED MILK
Doses 

combined
(ml)

ET TNDC P M A T TCD MI (%)

CO 4233 298 199 161 109 757 15,3a

0.2 +0.2 24h 4570 95 86 19 12 212 4.2b

48h 4817 94 55 22 12 183 3.6b

CO 4241 279 199 157 124 759 15.2a

0.4 +0.4 24h 4714 91 94 61 40 286 5.7 b

48h 4717 82 65 86 50 283 5.6 b

CO 4293 287 178 154 88 707 14.1a

0.6 +0.6 24h 4891 44 23 24 18 109 2.2b

48h 4898 39 33 18 12 102 2.0b

STRAWBERRY + CHOCOLATE
Doses 

combined
(ml)

ET TNDC P M A T TCD MI (%)

CO 4616 197 96 59 32 384 7.7a

0.2 +0.2 24h 4900 48 25 18 09 100 2.0b

48h 4925 41 16 11 07 75 1.5b

CO 4387 321 127 96 69 613 12.2a

0.4 +0.4 24h 4786 87 67 45 15 214 4.3b

48h 485 96 31 21 17 125 3.3b

CO 4251 486 195 47 21 749 15.0a

0.6 +0.6 24h 4656 150 74 70 50 344 6.9b

48h 4675 126 96 59 44 330 6.6b

CONDENSED MILK + CHOCOLATE
Doses 

combined
(ml)

ET TNDC P M A T TCD MI (%)

CO 4418 194 156 125 107 582 11.6a

0.2 +0.2 24h 4720 83 75 70 52 280 5.2b

48h 4838 55 53 34 20 162 3.2b

CO 4290 354 151 114 91 710 14.2a

0.4 +0.4 24h 4754 90 74 52 30 246 4.9b

48h 4744 97 76 50 33 256 5.1b

CO 4535 200 125 80 60 465 9.3a

0.6 +0.6 24h 4892 44 27 23 14 108 2.1b

48h 4902 54 24 15 05 98 1.9b

TNDC – Total number of non-dividing cells; P - Prophase; M - Metaphase; A - Anaphase; T - Telophase; ET - Exposure Time; CO - Control; MI - Mitotic Index; TCD - Total number 
of dividing cells; Within the same treatment, MI values followed by different letters are significantly different by the χ2 test at 5%.
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treatments with combined doses, were cytotoxic to A.  cepa 
meristematic root cells. However, none of the doses, evaluated 
alone or in combination, caused a significant number of cellular 
aberrations in cells of the test system used.
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