L.M. SOUSA SALES et al.: Toxicity of Synthetic Food Flavourings, Food Technol. Biotechnol. 55 (1) 131-137 (2017) 131

ISSN 1330-9862
doi: 10.17113/ftb.55.01.17.4770

scientific note

Assessment of Grape, Plum and Orange Synthetic Food
Flavourings Using in vivo Acute Toxicity Tests

Ila Monize Sousa Sales', Janaina Sousa Barbosa', Fabelina Karollyne Silva dos Santos’,
Felipe Cavalcanti Carneiro da Silva"’, Paulo Michel Pinheiro Ferreira’,

Jodo Marcelo de Castro e Sousa™” and Ana Paula Peron

1,3%

Laboratory of Cytogenetics and Mutagenesis (LaCM), Biological Sciences Academic Course, Campus Senador
Helvidio Nunes de Barros (CSHNB), Federal University of Piaui (UFPI), Picos, 64049-550 Piaui, Brazil

*Department of Biophysics and Physiology, Postgraduate Programs in Pharmaceutical Sciences,
Center of Health Sciences, Federal University of Piaui (UFPI), Teresina, 64049-550 Piaui, Brazil

SPostgraduate Program in Genetics and Improvement, Federal University of Piaui (UFPI), Teresina,

Summary

64049-550 Piaui, Brazil

Received: May 2, 2016
Accepted: October 5, 2016

The present study evaluates the acute toxicity of synthetic grape, plum and orange
flavourings in root meristem cells of Allium cepa at the doses of 3.5, 7.0 and 14.0 mL/kg and
exposure times of 24 and 48 h, and in bone marrow erythrocytes of mice treated orally for
seven days with 0.5, 1.0, 2.0, 5.0 and 10.0 mL/kg of flavouring. The results of the plant test
showed that grape, plum and orange flavourings, at both exposure times, inhibited cell
division and promoted the formation of a significant number of micronuclei and mitotic
spindle changes. These alterations were observed in at least one exposure time analysed,
demonstrating a significant cytotoxic, genotoxic and mutagenic activity. In mouse bioas-
say, animals treated with 2.0, 5.0 and 10.0 mL/kg of flavouring died before the seventh day
of treatment. The amounts of 0.5 and 1.0 mL/kg of the three additives were cytotoxic to
erythrocytes, and treatment with the grape flavouring significantly induced the formation
of micronucleated cells in the bone marrow of animals. Therefore, under the study condi-
tions, the grape, plum and orange flavouring additives promoted significant toxicity to
cells of the test systems used.

Key words: aroma and flavour additives, toxicity, cell division, mitotic spindle changes, mi-
cronucleus

Introduction

Globalisation and the development of new technolo-
gies have caused significant changes in the human eating
habits, who, in recent decades, have frequently consumed
foods rich in chemical additives (1). These substances,
also called microingredients, include synthetic flavour-
ings of special importance for the food industry as they
provide sensory properties of aroma and flavour to all

kinds of processed foods (2,3). These synthetic additives
have a complex formulation containing diverse chemical
compounds, such as diluents, preservatives and colour-
ants, among others (4,5) and are classified by the food in-
dustry into nature-identical and artificial additives (2).

Worldwide, flavour and aroma additives are stand-
ardised and released for use by food safety agencies Food
and Agriculture Organization (FAO) and Flavour and Ex-
tract Manufacturer Association (FEMA) (2,3), and nation-
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ally by the National Sanitary Surveillance Agency (AN-
VISA) through RDC Resolution 2 of January 15, 2007 (4).
However, these regulatory agencies do not report in de-
tail which compounds and concentrations are found in
these microingredients, and to date also have not defined
the acceptable daily intake (ADI) and the tolerable dose
limit of flavouring for each food type (1,2,4,6,7). Moreo-
ver, the enforcement agencies do not require industrial-
ised food manufacturers to display on product labels the
description of the substances that make up the flavouring
used in each product (4). Similarly, these agencies do not
require the additive manufacturers to give the description
on the label of the chemical components found in the aro-
ma and flavour additives (5-7).

Because of this lack of information, Konishi et al. (8),
Koca et al. (5), Marques et al. (3) and Moura et al. (1) high-
light the priority for evaluation of the cytotoxic, genotoxic
and mutagenic potential of microingredients of aroma
and flavour. Similarly, the FEMA and ANVISA emphasise
the need for studies on acute toxicological effect in differ-
ent bioassays, with the justification for obtaining the data
indicating the need for more detailed research on the tox-
icity of these substances (2,4,9).

Cytotoxic, genotoxic and/or mutagenic compounds
can alter vital cellular mechanisms, such as gene replica-
tion and transcription, and promote mitotic spindle alter-
ations and chromosomal breaks. These changes can sig-
nificantly impair cell division of the affected tissue or
organ, and trigger and/or potentiate cancerous processes
(10-12). According to Zaineddin et al. (13), Moura et al. (1)
and Santana et al. (14), the development of the most com-
mon types of cancer results from the interaction between
endogenous and environmental factors, remarkably the
diet, particularly when composed of processed foods in
excess.

Root meristem cells of Allium cepa L. (onion) are an
efficient test system for initial screening of acute cytotox-
icity and genotoxicity of chemicals (14,15). This bioassay
provides excellent proliferation kinetic properties and a
few chromosomes (21n=16), which facilitates the detection
of mitotic spindle changes and chromosomal breaks
(16,17). It also allows the verification of changes in the cell
division or mitotic index when exposed to chemical com-
pounds with potential cytotoxic action (3,16), and shows
mostly a satisfactory similarity to results obtained in oth-
er bioassays (1,3).

Among the methods assessing the damage caused by
cytotoxic and/or mutagenic substances in animals, the mi-
cronucleus test carried out preferably in blood tissues of
high proliferative activity stands out, since their cells are
frequent targets of clastogenic agents (18). This test al-
lows, by means of micronucleated erythrocyte frequency,
to infer whether the tested substances or chemicals cause
disorders, such as breaks and chromosome bridges and/
or chromosomal delays during cell division (18,19), and
also to evaluate the cytotoxicity of substances through re-
duction of erythropoiesis in the analysed tissue. In this
way, this bioassay is considered the main in vivo evalua-
tion of acute exposure among cytotoxicity tests and there-
fore a very important parameter in the evaluation of safe-
ty in the use of compounds or chemicals in general (20).

Thus, the present study analyses the cytotoxic, muta-
genic and genotoxic potential of synthetic, nature-identi-
cal, grape, plum and orange flavourings with the use of
root meristem cells of A. cepa and femoral bone marrow of
mice. These additives were chosen for analysis because
they are used extensively by the food industry in the
manufacture of processed sweet foods, such as processed
fruit juices, milk drinks, ice cream, jellies, candies, jams,
mixed alcoholic drinks and liquors.

Material and Methods

Food flavourings

In this study, no dilution was made to set the doses of
flavourings, that is, the toxicity of these additives was
tested directly from the original solutions sold on the
market. This is because the aroma additives have complex
chemical formulation not described in detail by food safe-
ty agencies, and so, the concentration and the action of
compounds present in these microingredients could be
altered if diluted. It is also important to mention that the
formulation of all synthetic food flavouring standards
throughout the word and in Brazil is regulated by ANVI-
SA (4).

Synthetic, nature-identical, grape, plum and orange
liquid flavourings were obtained from a retailer special-
ised in national and international marketing of synthetic
food additives (Trajano Food Addittives, Recife, Brazil).
The label of the three flavorings suggested the use of 7.0
mL per kg of mass, so the first dose set for the study was
7.0 mL/kg and the other two were 3.5 and 14.0 mL/kg.
Flavouring solutions were stored in 100-mL amber bottles
and were used before expiry date. Toxicity tests on A. cepa
root meristem were performed between September and
November 2015.

As mentioned previously, to date, there is no accept-
able daily intake (ADI) set for flavourings in general and
there are no studies in the literature on the toxicological
assessment of these substances in animal assays. Thus, for
the assessment of the toxicity of grape, plum and orange
additives, the doses of 0.5, 1.0, 2.0, 5.0 and 10.0 mL were
determined based on the method proposed by Miller and
Tainter (21).

Determination of cytotoxicity by Allium cepa assay

Onion bulbs were placed in aerated bottles with dis-
tilled water at room temperature (approx. 27 °C) until ob-
taining approx. 2.0 cm long roots. Five onion bulbs per
each experimental group were used. Before treatments,
some roots were fixed in Carnoy’s solution 3:1 (ethanol/
acetic acid) for 24 h and used as control.

Next, the remaining roots were placed in their re-
spective solutions of flavouring for 24 h and then some
roots were taken and fixed in Carnoy’s solution. Subse-
quently, the rest of the roots on each bulb were returned
to their respective solutions, where they remained for an-
other 24 h. Then, the roots were collected and fixed again.
The exposure times of 24 and 48 h were set to evaluate the
effects of flavourings on more than one cell cycle. At each
collection, on average, three roots per bulb were taken.
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On average, three slides were mounted per bulb, fol-
lowing the protocol proposed by Guerra and de Souza
(22), and analysed under an optical microscope (Zeiss,
Sao Paulo, Brazil) with 40x objective lens. Per each bulb,
1000 root cells were analysed, totalling 5000 cells of the
control, and root cells treated for 24 and 48 h. Cells in in-
terphase, prophase, metaphase, anaphase and telophase
were examined.

The number of interphase and dividing cells was cal-
culated for each control and exposure time and the cell
division or mitotic indices for evaluation of the cytotoxic
effect were determined. Mutagenic action of flavourings
was analysed by determining the number of micronucle-
ated cells, and genotoxicity by mitotic spindle changes.

Cytotoxic effect of synthetic flavourings on mice

In order to evaluate the toxicity of grape, plum and
orange flavourings in an animal bioassay, Swiss mice
(Mus musculus L.), males and females, three months of
age and 50 g of average body mass, were provided by the
Central Animal House, Federal University of Piaui (Tere-
sina, Brazil). During the experiment, mice were kept in
plastic cages at a constant temperature of (25+2) °C and 12
h light/dark cycle, and fed standard commercial chow
and water ad libitum.

Mice used in this study were treated according to the
principles set by the Brazilian College on Animal Experi-
mentation (COBEA) (23) and in accordance with the re-
quirements of Brazilian law (24). The experimental proto-
col with rodents developed in this study was previously
approved by the Ethics Committee for Animal Experi-
mentation (CEEA) of the Federal University of Piaui
(opinion 008/2015).

A total of seven experimental groups were estab-
lished for the analysis of flavourings: two control groups,
one consisting of non-treated animals, and the other con-
taining animals treated with the doses of 50 mg/kg of cy-
clophosphamide (Merck, Sao Paulo, Brazil), equivalent to
36.45 % lethal dose; and five groups of animals treated
with grape, plum or orange flavourings (in mL/kg): 0.5,
1.0, 2.0, 5.0 and 10.0.

For each experimental group, three mice were ran-
domly selected according to gender. Flavourings were ad-
ministered via gavage in a single daily application for
seven days using a syringe for oral administration of
small dosages. Mice of the positive control group received
a different treatment consisting of cyclophosphamide at
50 mg/kg intraperitoneally, only 24 h before the sacrifice.
On the eighth day, after sacrifice by cervical dislocation,
femora were removed by surgery for bone marrow ex-
traction.

Bone marrow extracted from mice was inserted into
medium for karyotyping and then centrifuged in a tube
twice at 1000xg (model MIKRO 185 centrifuge; Hettich
Lab Technology, Beverly, MA, USA) for 5 min. A drop of
the suspension obtained from each animal was spread on
a slide. After drying, the material on the slides was fixed
in pure methanol for 10 min, allowed to dry at room tem-
perature with Giemsa (Merck) diluted in phosphate buff-
er, pH=6.8, at a ratio of 1:10 for 15 min. After staining, the
slides were washed in distilled water and air-dried.

The bone marrow material was analysed under oil
immersion microscope (Zeiss Microscopy Brasil, Sao Pau-
lo, Brazil) in which for each smear, 200 polychromatic
erythrocytes (PCE) were examined. To determine the cy-
totoxicity, a total of 400 PCE and normochromatic eryth-
rocytes (NCE) were counted per animal (200 per blade)
and the PCE frequency was determined as a ratio of PCE
and PCE+NCE. For mutagenic assessment, micronucleat-
ed cells were counted in 1000 erythrocytes per animal.

Statistical data analysis

The results obtained in Allium cepa were analysed by
X’ statistical analysis (p<0.05). Data obtained from the ani-
mal bioassay were tested by ANOVA followed by Tukey’s
post-hoc test using STATISTICA v. 7.0 software (Dell, Sao
Paulo, Brazil), and p<0.05 was adopted as significance
level.

Results and Discussion

Based on the results for grape flavouring in Table 1, it
is observed that after the exposure of Allium cepa root
meristem cells to the dose of 3.5 mL/kg for 24 h, the mi-
totic index was not significantly different from its control.
However, the cell division index after the exposure for 48
h to the same dose was statistically lower than the respec-
tive control and the above result. At doses of 7.0 and 14.0
mL/kg of this same flavouring, cell division index after
the exposure for 24 and 48 h was significantly lower than
those of their controls. In addition, comparison of the val-
ues of mitotic index between the samples exposed for 24
and 48 h did not show significant differences.

After the exposure of A. cepa cells to 3.5 mL/kg of the
plum flavouring for 24 and 48 h, a significant decrease in
cell division was observed compared to the mitotic index
of its respective control (Table 1). The cell division index
of samples exposed for 24 h was significantly different
from the value after 48-hour exposure, when cell prolifer-
ation decreased dramatically with the increase of the ex-
posure time. In turn, the values of cell proliferation after
the exposure to 7.0 and 14.0 mL/kg of plum flavouring
and 3.5, 7.0 and 14.0 mL/kg of the orange flavouring, as
seen in Table 1, after both exposure times were signifi-
cantly lower than those registered of their respective con-
trols. However, there were significant differences in mi-
totic index values between the samples exposed for 24
and 48 h to the same amounts of plum and orange micro-
ingredients.

According to the results in Table 1, all tested amounts
of grape, orange and plum flavouring were cytotoxic to
root meristem cells of A. cepa at both exposure times,
which is confirmed by significant antiproliferative effect
caused to the cells.

Table 2 shows that 3.5 mL/kg of the grape flavouring
did not cause significant damage to the meristem cells af-
ter 24 h of exposure. However, this dose after 48 h of ex-
posure caused significant alterations to the cells com-
pared to its respective control and the results after 24 h of
exposure. Nevertheless, the doses of 7.0 and 14.0 mL/kg
of grape flavouring induced the development of a signifi-
cant number of cellular abnormalities after 24 h of expo-
sure. All doses of the plum flavouring induced a signifi-
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Table 1. Number of cells observed in each phase of the cell cycle in root meristem tissue of Allium cepa treated with water and syn-

thetic grape, plum and orange flavourings

(V/m)/(mL/kg) t(exposure)/h N MI/%
TCII P M A T TCD
Grape flavouring
control 3320 894 297 294 195 1680 33.6"
3.5 24 3673 743 198 195 191 1327 26.5°
48 4442 162 129 121 146 558 11.2°
control 3469 767 233 260 271 1531 30.6°
7.0 24 4445 178 149 118 110 555 11.1°
48 4539 126 113 114 108 461 9.2
control 3605 753 322 167 153 1395 27.9°
14.0 24 4364 265 91 92 98 546 10.9°
48 4520 238 87 79 76 480 9.6°
Plum flavouring
control 3992 518 135 183 172 1008 20.2°
35 24 4486 181 126 161 46 514 10.3°
48 4832 79 39 38 12 168 3.4°
control 4040 447 193 178 142 960 19.2°
7.0 24 4668 143 113 47 29 332 6.7°
48 4775 81 67 33 44 225 4.5
control 4027 529 200 152 92 973 19.5°
14.0 24 4559 178 97 34 32 341 6.8°
48 4731 143 73 24 29 269 5.4°
Orange flavouring
control 4255 241 194 162 148 745 14.9°
35 24 4859 60 26 34 21 141 2.8
48 4849 55 33 47 151 151 3.2°
control 4324 207 143 192 134 676 13.5°
7.0 24 4778 94 34 49 45 222 4.4°
48 4897 47 20 24 12 103 2.1°
control 4532 219 121 113 115 568 11.4°
14.0 24 4789 63 61 38 49 211 4.2°
48 4871 57 23 21 28 129 2.6°

V=volume of the flavouring solution, m=mass (on average 0.2 kg) of onion bulb used, TCII=total number of interphase and undifferen-
tiated cells, P=prophase, M=metaphase, A=anaphase, T=telophase, TCD=total number of dividing cells, MI=mitotic index. Within the
same treatment, MI values followed by different letters are significantly different at 5 % by x’test

cant number of mitotic spindle changes and micronuclei
in root cells 24 and 48 h after the exposure. All three doses
of orange flavouring did not induce a significant number
of alterations in the examined cells after both exposure
times. Therefore, it can be concluded that the amount of
3.5 mL/kg of grape flavouring after 48 h of exposure and
3.5, 7.0 and 14.0 mL/kg of plum flavouring, after both ex-
posure times, proved to be genotoxic and mutagenic to
the tested A. cepa cells.

The significant number of micronuclei and chromo-
somal alterations observed in root meristems treated with
grape and plum flavourings (Table 2) confirms the anti-
proliferative effect in root meristem cells (Table 1). Ac-
cording to Santana et al. (14), inhibition of cell division is
related to cell death caused by disturbances, such as toxic

action of chemical substances or compounds to cell divi-
sion kinetics or essential chromosomes or cells. These
events, according to Gomes et al. (25) and Marques et al.
(3), cause significant reduction in cell replacement and al-
ter protein synthesis of the tissue or organ where they oc-
cur.

Regarding the evaluation of flavouring toxicity to
mice, animals treated with 2.0, 5.0 and 10.0 mL/kg of
grape, plum or orange flavouring died on days three, four
and five of the experiment, respectively. From the third
day of treatment, all three animals treated with 10 mL/kg
of grape microingredient had severe abdominal swelling.
Unfortunately, it was not possible to determine the LDj,
(median lethal dose) of the three additives with the doses
evaluated herein.
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Table 2. Number and types of cellular abnormalities observed in root meristem cells of Allium cepa treated with water and synthetic

grape and plum flavourings

(VIm)/(mL/kg) t(exposure)/h ;th(;};}cl:; AE;%};% Te&;}(f;se Micronucleus Bimclsllle ate N(TCA)
Grape flavouring
control 0 1 0 1°
3.5 24 1 0 0 1°
48 22 49 13 89 0 173°
control 0 0 1 0 0 1°
7.0 24 9 72 22 111 3 217°
48 0 37 59 98 1 195"
control 0 1 0 0 0 1°
14.0 24 0 28 33 171 2 234°
48 18 20 49 108 0 197°
Plum flavouring
control 1 0 0 0 0 1°
3.5 24 7 11 8 47 9 73
48 4 13 9 35 0 61°
control 0 1 0 0 0 1°
7.0 24 9 13 13 59 0 94°
48 9 17 62 0 97°
control 1 0 0 0 1°
14.0 24 13 18 7 55 0 93"
48 5 27 17 39 1 88"

V=volume of the flavouring solution, m=mass (on average 0.2 kg) of onion bulb used, N(TCA)=number of total cellular alterations.
Within the same treatment, TCA values followed by different letters are significantly different 5 % by x’test

The treatments with 0.5 and 1.0 mL/kg of the three
flavourings (Table 3) altered the maturation cycle of mouse
bone marrow cells, reducing the number of polychromatic
erythrocytes, and thus, under the study conditions, these
doses can be characterised as cytotoxic. These results cor-
roborate those observed for A. cepa (Table 1), where the
investigated doses of grape, plum and orange additives
drastically reduced the cell division index of root meris-
tems, indicating a strong cytotoxic activity.

Table 3 also shows that the doses of 0.5 and 1.0 mL/kg
of grape flavouring had mutagenic potential because they
induced a statistically significant formation of micronu-
cleated erythrocytes. The results observed in A. cepa for
this microingredient (Table 2) corroborate the data ob-
served for grape flavouring in animal cells, where the
treatments promoted cellular alterations, such as micro-
nuclei, at a significant frequency. It is known that micro-
nuclei, being acentric fragments that were not incorporat-
ed into the nuclei of cells during telophase, can cause cell
death due to suppression or reduction of expression of
primary or primordial genes. Thus, the significant pres-
ence of micronuclei in tissue promotes systemic cytotox-
icity, resulting from high mutation rates and, consequent-
ly, genetic instability in cells (26). Importantly, although
genetic toxicity is not a measure of carcinogenicity, it is
often related to the onset of cancer, since there is a posi-
tive correlation between the increased frequency of mi-
cronuclei and the appearance of tumours in mammals
7).

Table 3. Cytotoxic and mutagenic potential of grape, plum and
orange flavourings determined in femoral bone marrow cells of
mice (Mus musculus) treated orally for seven days

Cytotoxic
Group (V/m)/(mL/kg) activity MNF
Negative  \j; treatment 1.12+0.32 3125
control
Positive . N 2
control Cyclophosphamide (0.5+0.11) (15.3+4.2)
Grape 0.5 (0.6x0.09)" (10.66+9.85)"
flavouring 1.0 (05012  (23.0+4.4)°
Plum 05 (0.7+0.14)° 3.33+2.06
flavouring 1.0 (0.7+0.07)" 3.16+0.75
Orange 0.5 (0.25+0.2)° 1.841.5
flavouring 1.0 (0.2+0.1)* 5.7+3.2

V=volume of the flavouring solution, m=mass of the used
animal, MNF=micronucleus frequency. ANOVA followed by
Tukey’s test: “significant compared to the negative control at
p<0.05

Unfortunately, the chemical composition of grape,
plum and orange flavourings was not found in the litera-
ture or on the labels. However, the scientific literature
demonstrates the toxicity at the cellular level of chemical
constituents with diluent and preservative activities, ac-
cording to RDC Resolution (4) on the basic formulation of
flavourings, and corroborates the data obtained for the
three flavourings evaluated in this study. Among these
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compounds benzoic alcohol stands out, as it is responsi-
ble for maintaining uniformity and facilitating incorpora-
tion and dispersion of the flavour in food products. Ana-
lysing the action at the cellular level of this diluent, Demir
et al. (28) found that the alcohol promoted significant
damage to the mitotic spindle and therefore to cell divi-
sion in human peripheral blood cells.

Furthermore, diacetyl (butane-2,3-dione) is another
diluent found in the formulation of flavourings. In lym-
phoma gene mutation assay in rats, Whittaker et al. (29)
reported that this compound caused significant damage
to the loci on chromosome 11 of these cells, causing loss
of the enzyme thymidine kinase gene expression. Like-
wise, More et al. (7) observed that the diluent diacetyl had
the potential to replace thymine with guanine in euchro-
matin regions and caused the disruption of hydrogen and
disulfide bonds in the tertiary structure of enzymes in-
volved in the cell division.

In turn, among the chemical constituents responsible
for delaying the action of microorganisms, enzymes and
physical agents in flavouring solutions, potassium benzo-
ate, sodium benzoate and potassium nitrate (9) are pre-
servatives that, according to Mpountoukas et al. (30) and
Zequin et al. (6), were cytotoxic and genotoxic to normal
human peripheral blood cells. The flavourings also con-
tain the preservatives boric acid, citric acid, potassium ci-
trate and sodium citrate (9), which, in agreement with
Tirkoglu (31), resulted in significant reduction of the cell
division index of root meristem cells of A. cepa, proving to
be cytotoxic.

Currently, the only class of compounds in the formu-
lation of food flavourings that have restricted use stan-
dardised by food safety agencies is the class of extraction
solvents, among which the agaric acid, aloin, 3-asarone,
berberine, coumarin, hydrocyanic acid, hypericin, pule-
gone, quassin, safrole and isosafrole, santonin and a- and
[-thuyone have maximum tolerable limits legally deter-
mined (4,9). Nevertheless, according to Moura ef al. (1)
and Konishi ef al. (8), the composition of flavourings in
general includes 11 classes of chemical compounds,
where each consists of, on average, 20 chemical com-
pounds, which have not been evaluated for their cytotox-
ic, mutagenic and genotoxic potential.

In relation to the toxicity of flavourings in general,
ANVISA (4), although not mentioning which studies,
concentrations and compounds, or which flavourings
have led to such a conclusion, stated that high doses of
such synthetic additives cause annoying and narcotic ac-
tions in the organism and may cause toxicity in digestive
tract when used chronically and indiscriminately (4,9).
Further, Salinas (32) and Polonio and Peres (33) state that
the use of flavourings at low doses does not pose risk to
human health; however, when used in doses higher than
recommended, these substances can cause annoying and
narcotic actions besides chronic cellular toxicity in the
long term. Also, these authors did not specify which dos-
es or concentrations of these additives are considered to
be high or low, and they do not discriminate which fla-
vourings or test organisms were used to obtain this infor-
mation.

In this way, although the use of flavourings is permit-
ted by EFSA, FEMA (10,25) and ANVISA (4), there is a
pressing need for more detailed medium- and long-term

studies using different tests, dosages and time of expo-
sure to determine the toxicity of these substances. Fur-
thermore, our findings, although preliminary, together
with the results of the evaluation of toxicity at the cellular
level of compounds in the formulation of flavourings al-
ready conducted, indicate the need to define the chemical
composition of flavourings in general using high per-
formance liquid chromatography to properly determine
the toxicity of these additives and ensure the safety of
consumers.

Conclusion

Synthetic grape, plum and orange flavourings under
the study conditions caused acute toxicity to root meris-
tem cells of Allium cepa and to femoral bone marrow cells
of mice. The results of toxic activity obtained at the cellu-
lar level of grape, plum and orange food flavourings are
of utmost importance because, to date, there are no toxic-
ity studies on these additives and no daily intake level
has been set for such microingredients. Also, these fla-
vouring solutions are present in many processed foods
and are freely traded in retail markets and websites spe-
cialised in the sale of food additives.
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