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ABSTRACT: The increasing tomato demand for the food market motivates improvements and the use of new
biotechnologies in this fruit’s production. The hybrid crop stands out for fruit production resistant to rot and postharvest
wilt (long-life crops). Within this context, consumption of genetically modified food deserves attention regarding the
safety and nutritional aspects due to the fact that inclusion and/or overexpression of genetic traits can cause harm to human
health in the short or long term. In this scenario, this study aimed to evaluate genotoxicity and mutagenicity from different
varieties of long-life tomatoes obtained by genetic breeding and also determines main bioactive compounds and
antioxidant activity. The genotoxicity and mutagenicity were analyzed via the micronucleus test and the evaluation of
chromosome aberrations in mice bone marrow respectively. We have also analyzed carotene, beta-carotene, lycopene, total
phenol and flavonoid contents via spectrophotometry and antioxidant activity via DPPH radical scavenging assay.
Considering the results obtained, it is possible to conclude that despite the absence of significant genotoxic activity among
the evaluated samples, the antioxidant activity and the differences found in composition seems to be ruled by genetic
factors, possibly due to the genetic breeding.
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INTRODUCTION

Tomato is the Solanum lycopersicum fruit,
native from South America and known to be a fruit
rich in bioactive and nutritional compounds
(FRIEDMAN 2002, 2013; FRUSCIANTE et al.,
2007). The nature and concentration of such
compounds are influenced by agricultural practices,
environmental factors, variety and maturation
(DAVIES;  HOBSON, 1981;  SANCHEZ-
RODRIGUEZ et al.,, 2012). The fruit is grown
worldwide and its global production has duplicated
in the last 20 years. This was due to the culture
expansion and consumption growth (Fao/Onu,
2001).

The increasing tomato demand for the food
market motivates improvements and the use of new
biotechnologies in this fruit’s production. The use
of hybrid seeds stands out for fruit production
resistant to rot and postharvest wilt (long-life crops)
(BENOR et al., 2008).

Nowadays there are three possibilities to
create and/or obtain hybrid seeds from long-life
tomato plants. The first one 1is based on
conventional genetic breeding methods via superior
parents’ selection aiming to increase the frequency

of favorable alleles providing greater firmness of
fruit’s pericarp (structural long life). The second one
is also based on conventional genetic breeding
methods, however using ripening mutants:
individual containing simple mutant alleles with
multiple effects (pleiotropic) capable to affect the
fruit’s ripening (rir - “ripening inhibitor”, nor -
“non ripening”, alc- Alcobaga). And at last, the
application of molecular biology techniques
(transgenic cultivars) using homozygous transgenic
orientation (sense and antisense), DNA translation
and mRNA transcription interfering on ethylene
production and the production and/or activity of
enzymes involved in the normal tomato fruit
ripening process (EZIN et al., 2010; FANTINI et al.,
2013; MOORE, et al., 2010; WATANABE et al.,
2015; CLAUSEN et al., 2011).

Within this context, the consumption of
genetically modified food deserves attention
regarding safety and nutritional aspects due to the
fact that the inclusion and/or overexpression of
genetic traits can cause harm to human health in the
short or long term (POLIVKOVA et al., 2010;
PINHO et al., 2011). To ensure the safety of
genetically modified products consumption there are
safe and reliable biological tests that are capable to
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assess potential harm to human health, being the
preventive study of the DNA damage an important
diagnostic tool (FERNANDES et al., 2010;
SESTARI et al., 2014). The study of DNA damage
induced by natural or synthetic substances is an
essential area of genetic toxicology as long as
chromosome mutation is an important event in
carcinogenesis. (FAGUNDES et al, 2005;
CARVALHO et al, 2011). The assays involving
DNA analysis are known as genotoxicity and
mutagenicity tests (PAYYVULA et al., 2012) and
these are recommended by the international
agencies and government institutions
(SCOLASTICI et al., 2013). Determination of
micronucleated cells and chromosome aberrations
frequency has been used with success in monitoring
populations exposed to natural or synthetic
mutagenic agents, being considered of great value to
evaluate the population’s possibility of cancer
development (AU et al., 2001; SHAMI; MOREIRA,
2004; GOSSMANN et al, 2010). In vitro
chromosomal aberration experiments are greatly
important to mutagenesis studies because the results
obtained in vitro are commonly obtained also in vivo
(TELLIER et al., 2011; ZHU et al., 2013;
SHALABY; EL-BANNA, 2013). Another important
aspect about chromosomal aberration test is the
capacity to evaluate DNA damage caused by
chronic exposure to mutagenic and clastogenic
agents, mainly those incorporated on food
(AGRAWAL AND KUMAR, 1999; RANVEER et
al., 2013).

Considering last decade increase of long life
tomato consumption and the rise of new varieties
obtained mainly by genetic breeding, the safety of
its use on both animal and human food can be
assured by studies that involve the evaluation of its
effects on genome, metabolism and physiology of
the individual. Therefore, the objective of this study
was to evaluate the genotoxicity and mutagenicity
from different varieties of long life tomatoes
obtained by genetic breeding.

MATERIAL AND METHODS

Plant Material

Three varieties of long life tomato were
obtained from farmers of Assis/SP region in Brazil.
These varieties were cultured under the same
environmental conditions and identified by the
Instituto Agrondmico e Agéncia Paulista de
Tecnologia de Agronegdcios do Municipio de Assis:
[Long life - structural - Santa Cruz Group (cultivar
Débora Plus); Long life - mutant -TOM-
559xFlorida7775 (nor*/nor*go“*/og") and
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conventional tomato. Fruits from different varieties
were selected, cleaned (immersed in Sodium
Hypochloride 0.2% for 20 minutes) and stored in
the average temperature of 4°C.

Extracts Preparation

Ten fruits of each tomato variety had their
peel and pulp removed. The pulp obtained were
frozen and then lyophilized. The dry extracts
obtained were triturated and the resulting powder
was used in the bioassays (mutagenicity), in the
antioxidant activity and in the bioactive compounds
determination.

Determination of Anti Mutagenic Activity

Animals and treatments

Male Swiss albino mice with 9-12 weeks
old and weight 35-40 grams were obtained on the
experimental animals’ center (Centro Educacional
de Patos de Minas - MG). Animals were kept in
polyethylene boxesunder controlled environment
(254 °C, 554+5% humidity), with dark/bright
control each 12 hour (from 7h00Om a.m. to 7h00Om
p-m.). Food and water remained available ad
libitum. Five animals were placed in each box and
randomly distributed in five groups: 1) Animals
receiving distilled water (negative control) by
gavage; 2) Animals receiving Cyclophosphamide®
2.0mg for each kilogram of body weight (positive
control) via intraperitoneal injection (ip); 3, 4 e 5).
Animals treated daily via gavage with the extracts
from different tomato varieties at concentrations of
100, 200 e 400mg respectively for each kilogram of
body weight during 7 days. The animals were
sacrificed via cervical dislocation 24 hours after
one-week experimental period. This study was
approved by the Animal Ethics Committee of
UNIPAM, UEMG, Patos de Minas-MG, Brazil
(Protocol no 88/07).

Choice criteria and Micronucleus Test in Mice
Bone Marrow Cells

Genotoxic effects were evaluated in mice
bone marrow cells via Micronucleus Test according
to Schmid (1975). Immediately after sacrificing the
animal a femur was removed and the bone marrow
was collected and emulsionated until become a
suspension. Then, the suspension was transferred to
centrifuge tubes containing 2mL of fetal calf serum
(FCS). The bone marrow suspension was
centrifuged to 1000 rpm for 10 minutes and the
supernatant was discarded. The pellet was
resuspended in a drop of FCS. A small portion of
this suspension was placed on slides. After 24 hours
drying at room temperature, the slides were fixed
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with absolute methanol during 5 minutes and stored
at room temperature or directly stained for analysis.
The slides were stained with Giemsa solution
(Sigma Chemical Co., St. Louis, MO, USA)
prepared in Phosphate Buffered Saline (0.06M; pH
6.8): potassium phosphate buffer (0.06 M; pH 6.8)
(1:1). The slides were stained during 5 minutes,
washed with distilled water to remove excess dye
and dried at room temperature.

The slides were examined on an optic
microscope (Olympus, Japao) under 1000x zoom.
According to Krishnae Hayashi (2000) the
micronucleus count criterion was essentially based
on diameter, shape and color. To evaluate induction
on MN formation we consider the micronucleated
polychromatic erythrocytes (MNPCE) scored in
2000 PCE for each mouse.

Chromosome Aberration Test

Bone marrow cells were collected from
femur via 2.2% sodium citrate solution injection and
centrifuged at 1000 rpm about 10 minutes. After
centrifuge, cells were treated with 5 mL hypotonic
KCl solution (0.075 M) pre-heated for 20 minutes at
37°C, and ressuspended twice in 5 mL cold Carnoy
fixer (methanol — glacial acetic acid, 3:1, v/v) for 20
minutes at room temperature. After final centrifuge,
cells were carefully mixed using the tip of a Pasteur
pipette and dropped 3-4 cm high in wet and clean
slides. These were stained with Giemsa 10% for 20
minutes. Aberrations score and analysis were done
as described by Preston et al., (1987). Chromosomal
aberrations were scored under 1000x
magnification in fifty metaphases for each mouse
using an optical microscope (Olympus, Japao).
Chromosome aberrations total profiles were
analyzed observing breakage, ring and chromosomal
gaps formation. Only well spread metaphases were
randomly  analyzed — (42+1 chromosomes).
Chromosomal damage was assessed by comparing
treated groups with positive and negative control
groups.

Statistical Analysis

Results were expressed as average =+
standard deviation (DP) to compare MNPCE and
PCE frequencies between treated and control
groups. Data were statistically analyzed by the
Mann-Whitney  nonparametric ~ U-test,  with
significance level a=0.05, using SPSS 12.0 software
(SPSS, Chicago, IL) to micronucleus assay
statistical analysis. Chromosome aberrations results
were analyzed and expressed as average + standard
deviation. Average percentage difference between
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treated and control groups were evaluated with chi-
square test ) (p £0.05).

DPPH radical scavenging

1,1-diphenyl-2-picrylhydrazyl (DPPH,
Sigma Co., USA) scavenging activity was
determined by Blois method (1958). Dry extract of
each sample was dissolved in ethanol (75%) at
different concentrations (100, 250, 500 and 1000 pg
mL™") and mixed with 5 mL DPPH solution (1,5x10"
*M). After 30 minutes resting in the dark at room
temperature, the extract was submitted to UV-Vis
spectrophotometer at 517nm wavelength. Analyzes
were performed in triplicate and gallic acid was
used as control. Calculation of percentage inhibition
of DDPH (I%) was performed according to the
formula: %AA= [(Acontrol - Asample) / Acontrol]
x 100.

Determination of Bioactive Compounds
Aceto-hexane extract preparation
Samples from different tomato varieties

were peeled, had their pulp removedand were

divided in 20 grams portions. Then, these portions
were crushed and incubated with 20 mL acetone and

60 mL hexane heated at 60°C. Subsequently, they

were placed in a container protected from light and

stored at -18°C mean temperature for 24 hours.

After this period, the extracts were filtered under

vacuum and used in different concentrations.

Carotenoid, betacarotene and

quantification

Carotenoid, betacarotene and lycopene
quantification was determined according to the
methodology described by Zscheile and Porter
(1947) based in spectrophotometric analysis. Aceto-
hexane extract (80 mL) from different tomato
samples was transferred to a 250 mL separatory
funnel. After phase separation, basal immiscible was
eluted, followed by washing twice with distilled
water and eluting the supernatant. Then was added
20mL of methyl alcohol 90% eluting basal
immiscible. After complete phase separation,
procedure was repeated with further additions of 20
mL of potassium hydroxide 20% and 20 mL of
methyl alcohol 90%.

After this process, 0.5 mL of sample was
diluted with hexane until the final volume of 10 mL.
Spectrophotometric measurements were performed
at a range of absorbance between 0.1nm and 0.6nm
wich 1s considered reliable. Total carotenoids,
lycopene and betacarotene levels were obtained
throught the formulas:

lycopene
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dilution 1 0,5

s _ log (%)(whmjx s.w. atlution mes
Carotenoics (v/g) = 1B1xlxsw.
s.w. is the sample weight
log [:%Q) (502nm)
I x181 — 42
log [—F] (487nm)
L = 100
veopene( ) 537 x
100 - Ly %)]x Carotenoid
Beracarorene(ug/lﬂﬂg):[ }COPBHEUD)l]Ez arotenoids (g/9)
Content of total phenol and flavonoid
Phenol content from different tomato
varieties were analyzed according to Folin-

Ciocalteu method modified by Singleton and Rossi
(1965). Dry extract was diluted in ethyl alcohol at
100, 250, 500 and 1000 pg mL™" concentrations to
all tomato samples. For each 0.5 mL of extract in
different concentrations were added 5 mL of
distilled water and 0.25 mL of Folin-Ciocalteau
reagent. After 3 minutes was added ImL of Na,CO;
10% solution and the mixture was stored for 1 hour.
Analyzes were performed in triplicate and the
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absorbance was measured at 725 nm. Total phenol
levels were determined by interpolating the
absorbance of samples against a calibration curve
built with a gallic acid standard and expressed as
milligram of GAE (gallic acid equivalents) per gram
of extract.
RESULTS
Micronucleus Test, chromosomal aberrations
and mitotic index

Groups treated with different concentrations
of different tomato varieties shown higher frequency
(MNPCE#SD) in the concentration of 400 mg Kg™'
bw  (TC=7.00+3.21; SCDP=7.20+3.29 and
TOMF=6.20+3.65). The groups treated did not
shown significant difference between each other,
but differ from groups that received water
(1.60£0.89) and Cyclophosphamide (52.04+19.44)
(Table 1).

Table 1. Micronucleated polychromatic erythrocytes (MNPCE) frequency and chromosomal aberrations in
Swiss albino mice (n=5, A; to As) treated with different concentration of extract (100, 200 and 400
mgKg™" of body weight (bw)) of the tomato varieties (TC= conventional tomato; SCpp= long-life —
structural and TOMF= long-life - mutant-TOM-559xFlorida7775), negative control group (NC)
treated with water and positive control group (PC) treated with Cyclophosphamide®, 2000

Polychromatic erythrocytes (EPC) per mice.

Structural aberrations

Chromosomal

-1 . .
Treatment (mgKg MNPCE+SD* Chromosomal Gaps Rines aberrations Mltotlbc
bw) p g b Index
Breakage %% SD

NC 0 1.60+0.89a 4 1 1 2.410.99a 10.38+0.52a
100 2.80£1.41b 4 3 1 3.2+0.17a 9.17%1.67a
TC 200 3.60£1.80b 6 2 2 4.0%0.11a 9.88£0.93a
400 7.00£3.21b 6 3 3 8.8+1.12b 9.95%1.52a
100 2.80£1.67b 6 3 2 4.410.93a 8.77t1.43a
SCpp 200 3.60£1.79b 5 3 4 4.810.89a 8.85t1.72a
400 7.20£3.29b 7 3 4 5.6x1.23b 9.08+0.44a
100 5.40£3.03b 4 3 2 3.6t1.21a 7.93%1.07a
TOMF 200 7.00£3.27b 5 4 4 5.2+1.45b 7.03%1.48a
400 6.20£3.65b 6 4 6 6.411.65b 6.21£1.31b
PC 2 52.4£19.44c 121 26 8 62.0£11.22¢ 4.82+0.81b

*Means sharing the same letter in a column do not differ significantly by Mann-Whitney and U-test (¢=0.05); "Means sharing the same

letter in a column do not differ significantly by x* (p < 0.05).

Chromosomal aberrations test has shown
chromosomal breakage, gaps and rings formation.
Treatment with different tomato varieties in the
following concentrations: SCpp200(4.8+0.89) and
400(5.6x1.23); TOMF  200(5.2+1.45) and
400(6.4+1.65) mg kg' bw has shown significant

differences when compared with water group
(2.4+0.99) while other concentrations did not shown
difference when compared with water group.
Otherwise all treated groups and water group
statistically ~ differ from group treated with
Cyclophosphamide. For the mitotic index only the
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treated group TOMF with the concentration of 400
mg kg bw (6.21+1.31) did not differ significantly
from the PC group (4.82+0.81), the others
concentrations and treatment groups showed no
significant difference compared to the NC group
(10.38+0.52) (Table 1).

Content of carotenoids, betacarotene, lycopene,
total phenol and flavonoid and antioxidant
activity.

Among different tomato varieties evaluated,
the extract obtained from TOMF variety presented
higher pigmentation in 1000 mgmL™ concentration
(carotenoids: 59.26+2.36 pg g'; betacarotene:
34.83+1.76 ug 100g" and lycopene 41.21+2.09%)
(Table 2). A quantitative analyses of the evaluated
pigment revealed their presence in the three
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varieties. The higher concentration was found in the
TOMF variety, followed by SCpp and the TC.
Regarding betacarotene, TOMF variety has shown
higher concentration.

Results from the antioxidant DPPH test
demonstrated higher scavenging activity in the
1000mg mL™" concentration. Regarding to the
varieties, results were: TC=24.06+2.27%, SCpp=
15.1242.16% and TOMF=14.09+1.98% (Table 2).
Higher concentrations of total phenol compounds
were founded on the following samples: SCpp
(31.1240.98); and TOMF (36.98+0.67) in the
1000mg mL"' concentration. Regarding the
flavonoid quantification, the SCpp variety shown
(21.02+1.29) mgEq/g, and TOMF with (27.18+£2.11)
mg Eg/g of extract also in 1000mg mL"
concentration.

Table 2. Tomato extract samples total carotenoid, betacarotene, lycopene content, antioxidant activity (%AA)
and total phenol and flavonoid determination of extract of tomato varieties (TC= conventional
tomato; SCpp=long-life-structural and TOMF= long-life-mutant-TOM-559xFlorida7775) in different

concentrations (100, 250, 500 e 1000 pg mL'l).

Variety Extract Carotenoids Betacarotene Lycopene Total Total %AA°
(mg mL™) (uggh (ug 100g™) (%) Phenols® Flavonoids®
100 11.26+0.97 9.37+0.98 16.76x1.17  5.62+0.32 1.224+0.09 10.09+£1.09
TC 250 19.23+0.99 14.89+0.78 22.54+1.32  6.17+0.43 3.23+0.11 11.54+1.02
500 22.14+0.95 12.84+1.87 41.98+£1.98 10.22+0.98 6.98+0.17 20.15£1.98
1000 28.98+1.17 14.75%1.56 49.09£1.78 25.98+0.67  12.89+1.23 24.06+2.27
100 29.17+0.76 22.76£1.12 21.87£1.02  6.45+0.19 3.12+0.78 9.13£1.23
250 33.12+0.98 25.01+1.43 24.47+1.09 10.12+0.32 4.98+0.91 10.23+1.98
SCpp 500 38.16+1.13 24.37+1.56 36.12+1.67 23.89+£0.47  11.78+1.18 13.42+2.02
1000 42.17£1.21 25.25+1.19 40.11£1.45 31.12+0.98  21.02+1.29 15.12+2.16
100 29.34+0.43 21.68+1.76 26.09£1.23  8.19+0.78 2.89+0.09 8.17£1.10
TOMF 250 39.74+0.92 28.35+1.89 28.65+£1.90 19.23+0.19 9.78+1,17 10.12+1.93
500 47.27+1.34 31.49£1.19 33.56+1.98 25.48+0.87  17.14+2.09 11.23+£1.99
1000 59.26+2.36 34.83£1.76 41.21+£2.09 36.98+0.67  27.18+2.11 14.09+1.98

*Values of total phenols levels (mg of gallic acid equivalent/g of extract); "Total flavonoids levels in quercetin equivalent per mg/g of
extract; “Percentage values of DPPH radical scavenging activity.

DISCUSSION

In general, genetically modified plants have
been the shorter, economical and durable solution to
find sustainable agriculture. Even so, the usual
crossing schemes and selection of genotypes need to
be increasingly improved in order to make them
more direct and less random in the process of
obtaining individuals with suitable characteristics
(VEASEY et al., 2011). The adoption of any
agricultural technology involves costs and benefits
both for farmers and for consumers. Therefore,
determine them and identify them is essential to
support a  good  legislation = (GALVAO;
BORCHGRAVE, 2004).

Micronucleated Polychromatic Erythrocytes
(MNPCE) results suggest there is no significant
difference between groups treated with different
concentrations of the extracts (Conventional tomato,
structural long-life, mutant long-life), negative
(water) and positive (Cyclophosphamide) control
groups. However, in the treatment with the extract
from mutant long life variety, a concentration
increase will possibly lead to a higher MNPCE
frequency in concentrations higher than 400mg Kg™'
because it is possible to observe a slight increase in
MNPCE frequency.

This results can be explained considering
studies realized by Fenech et al. (2002), who
demonstrated that products in feed diet such as
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agricultural pesticides, antioxidants, dyes, flavorings
and preservatives are associated with the occurrence
of DNA damage, but this evidence can only be
found in chronic, continuous use and with a high
concentration of a compound containing these
substances. Moreover, studies carried out by Ho and
Steinbrecher (1998); Brigulla et al., (2010); El-
Nahas et al., (2011) and Oraby et al., (2015) showed
that there are health risks related to the ingestion of
diets containing genetically modified components,
both by classic genetic engineering and
transgenesis.

Similar results were observed in the
evaluation of chromosome aberrations. But
treatment with lower concentrations of different
tomato varieties extracts showed no statistically
significant difference when compared with negative
control (water). The significant difference found
between treatment with 400mg kg’ may be due
presence of agricultural pesticides in pulp tissue of
tomato, regardless of genetic breeding. The Pan
American Health Organization data (2009) show
that even with the agricultural pesticides and
chemical improvement applied to these pesticides,
the tomato plant and its fruits still have significant
influence on consumption of pesticides and
interference with human health, depending mainly
of the production region.

As regards chemical compounds in different
varieties of tomato, these resulted in a considerable
variation in their levels of certain components which
demonstrates dose-dependence. Furthermore,
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antioxidant activity was higher for the conventional
tomato variety. This is can be explained by its faster
ripening metabolic stage when compared to the long
life variety. These compound variations are similar
to those found in other fruits containing these
compounds and thus can contribute to dietary
composition and demonstrate the need to assess
nutritional quality. (SHAMI; MOREIRA, 2004;
GOMES, 2007; ALMEIDA ET AL. 2011;
ROCHA,; SILVA, 2011; VIEIRA et al., 2011).

Numerous studies have shown that both
genetic and environmental factors can regulate the
biosynthesis of tomato’s bioactive compounds.
(PRUDENTE et al.,, 2010; CARLI et al.,, 2011;
BARBAGALLO et al., 2013; MAZZUCATO et al.,
2013; IGLESIAS et al.,, 2014). Therefore, it is
possible to conclude that despite the absence of
significant genotoxic activity among evaluated
samples, the differences in composition and in
antioxidant bioactivity observed in the tomato
samples cultured under the same environmental
conditions seems to be ruled by genetic factors,
possibly due to genetic breeding.

ACKNOWLEDGEMENTS

Authors acknowledge with thanks the
support from Centro Universitirio de Patos de
Minas, Minas Gerais, Brazil for providing
experimental animals, technical support and
infrastructure for mutagenicity tests.

RESUMO: O aumento da demanda na producdo de tomate para o mercado alimenticio vem incentivando

transformagdes e implementacdes de novas biotecnologias na producio desse fruto, destacando-se a utilizac@o cultivares
hibridas que produzem frutos com maior resisténcia ao fenecimento e apodrecimento apds colheita (cultivares do tipo
longa vida). Dentro deste contexto, sabe-se que o consumo de alimentos oriundos de melhoramento genético necessita de
atencdo no aspecto de seguranca alimentar e poder nutricional, pois a inclusdo e/ou super expressdo de caracteristicas
genéticas de interesse pode acarretar a curto ou em longo prazo danos a satide humana. Neste cendrio, o presente estudo
teve como objetivo avaliar a genotoxicidade e mutagenicidade de diferentes variedades de tomates do tipo “longa vida”
obtidos por melhoramento genético, assim como determinar seus principais compostos bioativos e atividade antioxidante.
A genotoxicidade e mutagenicidade foram analisados por meio do teste do micronticleo e pela avaliagdo de aberracdes
cromossOmicas em medula éssea de camundongos. Foram determinados caroteno, betacaroteno, licopeno e o contetdo de
polifendis e flavonoides totais por meio espectrofotométrico e atividade antioxidante pelo método do sequestro do radical
DPPH. Diante dos resultados obtidos foi possivel concluir que apesar da auséncia de atividade genotdxica significativa
entre as amostras avaliadas, as diferencas na composi¢do e bioatividade antioxidante observadas no presente estudo,
parecem ser governados por fatores genéticos, possivelmente provenientes do melhoramento genético realizado.

PALAVRAS-CHAVE: DPPH. Solanum lycopersicum. Microniicleos. Aberragdes cromossdmicas.
Melhoramento genético.

Biosci. J., Uberlandia, v. 32, n. 4, p. 999-1007, July/Aug. 2016



1005
Mutagenicity, antioxidant activity... SILVA, R. M. G. et al.

REFERENCIAS

ALMEIDA, I. M. C. Dietary Antioxidant Supplements. Benefits of their combined use. Food and Chemical
Toxicology, 49, 3232-3237. Depto. de Ciéncias Quimicas, Faculdade de Farmacia, Universidade do Porto,
Porto, Portugal. v. 164, p. 4050-047. Set. 2007.

BARBAGALLO, R. N., DI SILVESTRO, 1., PATENE, C. Yield, physicochemical traits, antioxidant pattern,
polyphenol oxidase activity and total visual quality of field-grown processing tomato cv. Journal of Science of
Food and Agriculture, v. 93, p. 1449-1447, Sep. 2013. http://dx.doi.org/10.1002/jsfa.5913

BENOR, S., ZHANG, M., WANG, Z., ZHANG, H. Assessment of genetic variation in tomato (Solanum
Iycopersicum L.) inbred lines using SSR molecular markers. Journal of Genetics and Genomics. College of
Agriculture, Nanjing Agricultural University, Nanjing, China. v. 35, p. 373-379. Jun. 2008.

BRIGULLA, M., WACKERNAGEL, W. “Molecular aspects of gene transfer and foreign DNA acquisition in
prokaryotes with regard to safety issues”. Applied Microbiology and Biotechnology, Berlin, v. 86, p. 1027-
1041. May. 2010.

CARLLI, P., BARONE, A., FOGLIANO, V., FRUSCIANTE, L., ERCOLANO, M. R. Dissection of genetic of
environmental factors involved in tomato organoleptic quality. BMC Plant Biology. Via Universita' 100,
80055 Portici (NA), Italy. v. 11, Mar. 2011.

CLAUSEN, M. R, PEDERSEN, B. H., BERTRAM, H. C., KIDMOSE, U. Quality of sour cherry juice of
different clones and cultivars (Prunuscerasus L.) determined by a combined sensory and NMR spectroscopic
approach. Journal of Agriculture and Food Chemistry, Aarslev, v. 59, n. 22, p. 12124-12130. October. 2011.

DAVIES, J. N., HOBSON, G. E. Constituints of tomato fruit — the influence of environment, nutrition, and
genotype. CRC Critical Reviews in Food Science and Nutrition, USA. v. 15, p.205-280. Jan. 1981.

EI-NAHAS, A.F., MOHAMED, A. A. A, ZWEEL, H.H and EL-ASHMAWY, .M. Hepatorenal and genotoxic
effects of genetically modified quail meat in a 90-day dietary toxicity study in mice. International Food
Research Journal, Egypt, v. 18, n. 4, p. 1313-1319. Jun. 2011.

EZIN, V., PENA, R., AHANCHEDE, A. Flooding tolerance of tomato genotypes during vegetative and
reproductive stages. Brazilian Society of Plant Physiology, v. 22, n. 1, p. 131-142. Dez. 2010.

FANTINL E., FALCONE, G., FRUSCIANTE, S., GILBERTO, L., GIULIANO, G. Dissection of Tomato
Lycopene Biosynthesis through Virus-Induced Gene Silencing. Plant Physiology, Roma, v. 163, p. 986-998,
Oct. 2013.

FAO/ONU. Evaluation of Allergenicity of Genetically Modified Foods. Report of a Joint. FAO/ONU Expert
on Consultation on Allergenicity of Foods Derived from Biotechnology, Food and Agriculture Organization of
the United Nations, Rome. v. 22. January. 2001. Disponivel em: ftp://ftp.fao.org/es/esn/food/allergygm.pdf.
Acesso em 20 abr. 2015.

FERNANDES, F. R., ALBUQUERQUIE, L. C., INONE-NAGATA, A. K. Development of a species-specific
detection method for three Brazilian tomato begomoviruses. Tropical Plant Pathology. Brasilia, v. 35, n. 1, p.
043-047. Jan. 2010.

FRIEDMAN, M., LEVIN, C. E. Review of methods for the reduction of dietary content and toxicity of
acrylamide. Journal of Agricultural and Food Chemistry, Easton, v. 56, n. 15, p. 6113-6140. Jul. 2002.

FRUSCIANTE, L., CARLI, P., ERCOLANO, M.R., PERNICE, R., DI MATTEO, A., FOGLIANO, V.,
PELLEGRINI, N. Antioxidant nutritional quality of tomato. Molecular Nutrition & Food Research. Naples,
v. 51, n. 5, p. 609-617. May. 2007.

Biosci. J., Uberlandia, v. 32, n. 4, p. 999-1007, July/Aug. 2016



1006
Mutagenicity, antioxidant activity... SILVA, R. M. G. et al.

GOMES;, F. S. Carotendides: uma possivel protecdo contra o desenvolvimento de cancer. Revista de Nutricao,
Campinas, v. 20, n, 5, p. 537-548. 2007.

HO, M. W.; STEINBRECHER, M. W. Fatal flaws in food safety assessment: Critique of the joing FAO/ WHO
Biotechnology and Food Safety Report. Journal of Nutrition and Environmental Interaction. Uk. v. 2, n.
51, p. 84, 1998.

IGLESIAS, M. J., LOPEZ, J. G., LUJAN, I. F. C., ORTIZ, F. L., BOJORQUES, H. Effect of genetic and
phenotypic factors on the composition of commercial marmande type tomatoes studies through HRMAS NMR
spectroscopy. Food Chemistry, London, v. 142, p. 1-11. Jan. 2014.

MAZZUCATO, A., WILLEMS, D., BERNINI, R., PICARELLA, M. E., SANTANGELO, E., RUIU, F,,
TILESI, F., SORESSI, G. P. Novel phenotypes related to the breeding of the purple-fruited tomatoes and effect
of peel extracts on human cancer cell proliferation. Plant Physiology and Biochemistry, Viterbo, v. 72, p.
125-133. May.2013.

MOORE, M. J.,, SOLTIS, P. S., BELL, C. D., BURLEIGH, J. G. Phylogenetic analysis of 83 plastid genes
further resolves the early diversification o feud cots. Proceedings of the National Academy of Sciences, New
Haven, v. 107, n. 10, p. 4623-4628. January. 2010

ORGANIZACAO PAN-AMERICANA DA SAUDE E ORGANIZACAO MUNDIAL DA SAUDE
OPAS/OMS. Manual de vigilancia da satide de populacées expostas a defensivos agricolas. Brasilia:
OPAS/OMS, 2009.

ORABY, H., KANDIL, M., SHAFFIE, N., GHALY, I. Biological impact of feeding rats with a genetically
modified-based diet. Turkish Journal of Biology. National Research Center, Cairo, v. 39, p. 265-275. April.
2015

PAYYAVULA, R. S,, NAVARRE, D. A., KUHL, J. C., PANTOJA, A., PILLAL S. S. Differential effects of
environment on potato phenylpropanoid and carotenoid expression. BMC Plant Biology, Washington State
University, Prosser, v. 12, n. 39, p. 12-39. March. 2012

PINHO, L., ALMEIDA, A. C., COSTA, C. A., PAES, M. C., GLORIA, M. B. A., SOUZA, R. M. Nutritional
properties of cherry tomatoes harvested at different times and grown in an organic cropping. Horticultura
Brasileira, Brasilia, v. 29, n. 02, p. 205-211. 2011

POLIVKOVA, Z., SMERAK, P., DEMOVA, H., HOUSKA, M. Antimutagenic Effect of Lycopene and
Tomato Purée. Journal of Medicinal Food, Prague, v. 13, n. 06, p. 1443-1450. December. 2010.

PRUDENT, M., BERTIN, N., GENARD, M., MUNOS, S., ROLLAND, S., GARCIA, V., PETIT, J.,
BALDET, P., ROTHAN, C., CAUSSE, M. Genotype-dependent response to carbon availability in growing
tomato fruit. Plant, Cell and environment, Avignon, v. 33, n. 07 p. 1186-1204. March. 2010

RANVEER, R. C., PATIL, S. N, SAHOO, A. K. Effect of different of parameters on enzyme-assisted
extraction of lycopene on tomato processing waste. Food and Bioproducts Processing, Rugby, v. 91, n. 04, p.
370-375. October. 2013.

ROCHA, C. B., SILVA, J. Atividade antioxidante total em tomates produzidos por cultivos organico e
convencional. Brazilian Journal of Food Technology, Campinas, v. 14, n. 1, p. 27-30. March. 2011

SESTAR], I, ZSOGON, A., REHDER, G. G., TEIXEIRA, L. L., HASSIMOTTO, N. M. A., PURGATTO, E.,
BENEDITO, V. A, PERES, L. E. P. Near-isogenic lines enhancing ascorbic acid, anthocyanin and carotenoid
content in tomato (Solanum Lycopersicum L., cv Micro-Tom) as a tool to produce nutrient-rich fruits. Scientia
Horticulturae, Curitibanos, v. 175, p. 111-120. August. 2014.

Biosci. J., Uberlandia, v. 32, n. 4, p. 999-1007, July/Aug. 2016



1007
Mutagenicity, antioxidant activity... SILVA, R. M. G. et al.

SINGLETON, V. L., ROSSI, J. A. Colorimetry of total phenolics with phosphomolybdic phosphotungstic acid
reagents. American Journal of Enology and Viticulture, Davis, v. 6, n. 03, p. 144-158. 1965

SCOLASTICI, C., ALVES DE LIMA, R. O., BARBISAN, L. F., FERREIRA, A. L. A, RIBEIRO, D. A.,
SALVADORI, D. M.F. Antigenotoxicity and antimutagenicity of lycopene in HepG2 cell line evaluated by the
comet and micronucleus test. Toxicocology in Vitro, Botucatu, v. 22, n. 2, p. 510-514. March. 2013.

SHALABY, T. A., ANTAR E., 2013. Molecular and Horticultural Characteristics of In vitro Induced Tomato
Mutants. Journal of Agricultural Science, v. 5, n. 10, p. 155-160. http://dx.doi.org/10.5539/jas.v5n10p155

SHAMI, N. J. L. E., MOREIRA, E. A. M. Licopeno como agente antioxidante. Revista de Nutricao,
Campinas, n. 17, n. 2, p. 227-236. June. 2004.

TELLIER, A. S., LAURENT, J. Y., LAINER, H., PAVLIDIS, P., STEPHAN, W. Inference of seed bank
parameters in two wild tomato species using ecological and genetic data. College of Natural and Agricultural
Sciences, Irvine, v. 108, n. 41, p. 17052-17057. July. 2011.

WATANABE, M., OHTA, Y., LICANG, S., MOTOYAMA, N., KIKUCHI, J. Profiling contents of water-
soluble metabolites and mineral nutrients to evaluate the effects of pesticides and organic and chemical

fertilizers on tomato fruit quality. Food Chemistry, Chiba, v. 169, p. 387-395. Aug. 2015.

VEASEY, E. A., PIOTTO, F. A., NASCIMENTO, W. F., RODRIGUES, J. F., MEZETTE, T. F., BORGES,
A., BIGUZZL F. A., SANTOS, F. R. C., SOBIERAJASKI, G. R., RECCHIA, G. H., MISTRO, J. C. Processos
evolutivos e a origem das plantas cultivadas. Ciéncia Rural, Santa Maria, v. 41, n. 7, p. 1218-1228. July. 2011.

VIEIRA, L. M., SOUSA, M. S. B.,, MANCINI-FILHO, J., LIMA, A. Fendlicos Totais e Capacidade
Antioxidante in vitro de Polpas de Frutos Tropicais. Revista Brasileira de Fruticultura, Jaboticabal, v. 33, n.
3, p. 888-897. Sept. 2011.

ZHU, Z., ZHANG, F., WANG, C., R., WEIL Q. S. Treating fermentative residues as liquid fertilizer and its
efficacy on the tomato growth. Scientia Horticulturae, China, v. 164, p. 492-498. Dec. 2013.

Biosci. J., Uberlandia, v. 32, n. 4, p. 999-1007, July/Aug. 2016



