
This article was downloaded by: [Consiglio Nazionale delle Ricerche]
On: 05 February 2014, At: 00:06
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Natural Product Research: Formerly
Natural Product Letters
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gnpl20

Antioxidant and cytotoxic activities
investigation of tomato seed extracts
Giuseppina Tommonaroa, Angelamaria Caporaleb, Laura De
Martinob, Ada Popolob, Rocco De Priscoa, Barbara Nicolausa,
Gennaro Roberto Abbamondia & Carmela Saturninob

a Via Campi Flegrei, National Research Council of Italy, Institute
of Biomolecular Chemistry, 34-80078Pozzuoli, NA, Italy
b Department of Farmacy, University of Salerno, Via Giovanni
Paolo II no 132, 84084Fisciano, SA, Italy
Published online: 31 Jan 2014.

To cite this article: Giuseppina Tommonaro, Angelamaria Caporale, Laura De Martino, Ada Popolo,
Rocco De Prisco, Barbara Nicolaus, Gennaro Roberto Abbamondi & Carmela Saturnino , Natural
Product Research (2014): Antioxidant and cytotoxic activities investigation of tomato seed extracts,
Natural Product Research: Formerly Natural Product Letters, DOI: 10.1080/14786419.2013.879474

To link to this article:  http://dx.doi.org/10.1080/14786419.2013.879474

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or
arising out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &

http://www.tandfonline.com/loi/gnpl20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/14786419.2013.879474
http://dx.doi.org/10.1080/14786419.2013.879474


Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

C
on

si
gl

io
 N

az
io

na
le

 d
el

le
 R

ic
er

ch
e]

 a
t 0

0:
06

 0
5 

Fe
br

ua
ry

 2
01

4 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


SHORT COMMUNICATION

Antioxidant and cytotoxic activities investigation of tomato seed extracts
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84084 Fisciano, SA, Italy

(Received 21 October 2013; final version received 25 December 2013)

Biological activities of different varieties of tomato seed extracts were evaluated to
verify the potential antioxidant and/or antiproliferative activity of the bioactive
metabolites present in them. Findings demonstrated that among all the varieties
investigated (San Marzano Rosso, San Marzano Giallo, Corbarino, Black Tomato and
San Marzano/Black Tomato hybrid) San Marzano Rosso seed extract exhibited the
highest free radical-scavenging activity with 68% of 2,2-Diphenyl-1-picrylhydrazyl
radical inhibition, and the best cytotoxic activity evaluated by using the brine shrimp
test (LD50: 23,198 ppm) and 3-(4,5-dimethylthiazol-2-yl)-2,5-phenyl-2H-tetrazolium
bromide assay on A375 cell line (IC50: 137.7mg/mL).

Keywords: Tomato; antioxidant activity; cytotoxicity; seed extracts

1. Introduction

Oxidative stress is considered to be very important in the initiation and development of many

present-day diseases. A growing amount of evidence indicates a role of reactive oxygen species

(ROS) as well as of reactive nitrogen species in the pathophysiology of ageing and different

degenerative diseases such as inflammation, cancer, cardiovascular diseases and neurodegenerative

diseases (Davies 2000; Fenkel & Holbrook 2000; Ksouri et al. 2011). Living cells possess a

protective system of antioxidants which prevents excessive formation and enables the inactivation

ofROS.Oxidative stress occurs if the antioxidant defence in the organism is not adequate (Blomhoff

et al. 2006). Natural antioxidants, such as phenolic acids, flavonoids and terpenoids, are mainly

secondary metabolites of vegetables and fruits, and have been reported to be more effective

antioxidants than vitamin C or E and carotenoids (Ksouri et al. 2011). Therefore, the ingestion of

fresh fruit and vegetables rich in natural antioxidants has been associated with the prevention of

cancer and cardiovascular diseases (Rao & Agarwal 2000; Willcox et al. 2004; Amin et al. 2009).

Tomatoes (Solanum lycopersicum L.) are a rich source of antioxidants and contribute to the

daily intake of a significant amount of these molecules. In fact, tomato fruit is a reservoir of

diverse antioxidant molecules, such as carotenoids, phenolics, flavonoids, vitamins and

tocopherols (George et al. 2004; Mitchell et al. 2007; Strazzullo et al. 2007; Tommonaro et al.

2012). Antioxidant components of tomatoes are distributed in different sections of tomato fruit

(skin, pulp and seeds). Skin and pulp portions of tomato fruit are richer in antioxidant

metabolites (lycopene, anthocyanin, ascorbic acid and phenolic compounds) than seeds. In

different cultivars, seeds showed a higher content of phenolic compounds than the pulp of

tomato, but less than that of skin (Chandra & Ramalingam 2011; Chandra et al. 2012).
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In this work, we propose to proceed with the extraction of the seeds of six different varieties

of S. lycopersicum (tomato) to verify the potential antioxidant and/or anti-tumour activity of

bioactive metabolites present in them.

2. Results and discussion

2.1. Sampling

Seeds of different varieties of tomato, supplied and certified by a local farm, were extracted with

chloroform and methanol in order to perform the evaluation of biological activities of extracts

linked to the presence of bioactive compounds.

2.2. Extraction and biological activities

The weight of the seeds and the yield of the chloroformic and methanolic extractions are

reported in Table 1.

We performed the antioxidant assay on the methanolic extracts by using the 2,2-Diphenyl-1-

picrylhydrazyl (DPPH) assay (Blois 1958), and we estimated the polyphenol content by using

the Folin–Ciocalteu method (Singleton & Rossi 1965). Results are reported in Figure 1. San

Marzano Rosso and Black Tomato varieties showed the best radical-scavenging capacity,

expressed as percentage of inhibition of DPPH radical. It was 68% and 53% for San Marzano

Rosso and Black Tomato, respectively, at the maximum concentration tested (50mL of a

1022mM solution). Moreover antioxidant activity was evaluated for all chloroformic extracts as

well, by using the ABTS assay (Miller et al. 1996) (Figure 2). Results showed that the Giallo

Tondo varieties were the most active with a percentage of radical cation ABTSþ inhibition of

35% at the maximum amount tested (5mL of a 20mg/mL solution).

The methanolic seed extracts of Giallo Tondo, San Marzano Rosso and San Marzano/Black

Tomato hybrid exhibited a greater amount of polyphenolic content than other varieties, as

estimated by means of Folin–Ciocalteu method. The estimated amounts were 3.9, 3.6 and

3.5mmol (in 100mg of methanolic extract, calculated on the basis of the standard quercetin used

in the assay) of polyphenols in Giallo Tondo, San Marzano Rosso and San Marzano/Black

Tomato hybrid, respectively.

A general bioassay that appears capable of detecting a board spectrum of bioactivity present

in crude extracts is the brine shrimp lethality bioassay (Meyer et al. 1982; Anderson et al. 1991).

This crustacean, at larval stage (48 h after hatching), was used to test the cytotoxicity of the

samples and to calculate the LD50, which is the minimum lethal dose for which we observe a

50% mortality of larvae. Brine shrimp lethality activity of the seed extracts of different varieties

of tomato is shown in Table 2.

Results obtained by using this test showed that among all methanolic extracts of seeds, San

Marzano Rosso, San Marzano Giallo and Giallo Tondo exhibited cytotoxicity towards brine

Table 1. Chloroformic and methanolic extraction yield of tomato seeds.

Seed tomato varieties
Seed

weight (g)
Chloroformic
extract (mg)

Methanolic
extract (mg)

Black Tomato 1.7981 40.3 29.5
Corbarino 6.7308 18.6 18.3
San Marzano Rosso 1.8993 24.6 8.7
San Marzano Giallo 2.2816 14.0 15.3
San Marzano/Black Tomato hybrid 3.6861 251.7 67.0
Giallo Tondo 3.3822 34.4 28.3

2 G. Tommonaro et al.
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Antioxidant activity (ABTS method)
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Figure 2. Antioxidant activity of chloroformic extracts of tomato seeds, starting from a stock solution
(20mg/mL) and its dilution (1:2, 1:5, 1:10), evaluated by using the ABTS method.
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Figure 1. Free radical scavenger capacity of methanolic extracts of tomato seeds. The assay was performed
on different amounts (5, 10, 20 and 50mL) of a 1022mM solution of methanolic seed extracts.
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shrimp larvae (LD50 2.3198, 3.1752 and 7.3622 ppm, respectively). Chloroformic extracts

showed LD50 values more than 100 ppm, than they were not considered significantly active.

Considering the antiproliferative capacity of the seed extracts, better results were obtained in

A375 cell line. In fact, chloroform extracts of San Marzano/Black Tomato hybrid, San Marzano

Giallo and San Marzano Rosso e Corbarino showed IC50 values of 166, 156, 137.7 and 171mg/
mL, respectively, in these cells after 72 h of incubation. In A549 and HeLa cells, IC50 values

were higher than 100mg/mL. Methanolic extracts did not show any antiproliferative activity on

cell lines used at tested concentrations.

The results of our study have shown that, among all tested extracts, the San Marzano Rosso

seed extracts possess significant free radical-scavenging and cytotoxic activities. These effects

could be correlated with the total polyphenolic content of the seeds, as polyphenols are known

antioxidant compounds. The obtained results are supported by a previous study,which reports that

the seeds have more phenolic content than the pulp of the tomato. The skin fraction of the tomato

has more phenolic content than the seeds and pulp (Chandra & Ramalingam 2011). The

antioxidants in plants protect them against the oxidative damage produced by various biotic and

abiotic stresses. The health benefit of tomato is due to the presence, in different fractions (skin,

pulp and seeds), of antioxidant metabolites which inhibit the reactions mediated by ROS.

Moreover, the tomato genotype is also a determinant factor of antioxidant content of tomato fruits.

3. Conclusion

In this study, we have investigated the biological activity of seed extracts of different varieties of

tomato from southern Italy in order to determine the antioxidant and in vitro antiproliferative

activities of the extracts. Findings suggest that tomato seeds are a valuable source of natural

antioxidant and cytotoxic compounds that could be useful for cosmetic or pharmaceutical

applications.

Supplementary material

Supplementary material relating to this article is available online.
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