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Tomato, the edible berry of the plant tomatoes (Solanum lycopersicum L.) is currently one of the most widely used 
crops worldwide. Tomatoes are considered to be one of the most popular vegetables, although, from a botanical point 
of view, it is a fruit. It is a rich source of numerous important bioactive substances that have a positive effect on human 
health. Antioxidant compounds of tomatoes, with their protective properties, have a significant effect on oxidative 
stress. Seven tomato cultivars, namely Perun, Tornado, Bejbino F1 60S, Darinka F1, Glazier, Tramezzino, and Brioso 
were analysed in this study, that aimed to determine the total polyphenol content and antioxidant activity of tomatoes. 
The total polyphenol content has been determined by the Folin-Ciocalteu assay, using an UV-VIS spectrophotometer. 
The values have ranged from 231.48 mg.kg-1 FW to 559.81 mg.kg-1 FW. Statistically highest TPC was determined in the 
cultivar Bejbino F1 60S. Statistically lowest TPC was determined in the cultivar Brioso. The total antioxidant activity 
(AA) has been determined by the DPPH radical scavenging assay, using an UV-VIS spectrophotometer. The values have 
ranged from 0.261 to 0.554 mmol TE.kg-1 FW. Statistically highest AA was determined in the cultivar Bejbino F1 60S. 
Statistically lowest AA was determined in the cultivar Darinka F1. Statistical evaluation of the results showed a weak 
correlation between total polyphenol content and antioxidant activity of tomatoes. These results indicate that content 
of polyphenols and antioxidant activity of tomatoes are influenced by cultivar.
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Introduction 
Solanum L., the genus of the family Solanaceae, 
includes about 1250 to 1700 species. Solanum species 
are present in all temperate, subtropical to tropical 
zones and are remarkable for their morphological 
and ecological diversity. Solanum is possibly the 

most important genus in economic terms. Tomatoes 
(Solanum lycopersicum L.) come from America, 
specifically from the Andean Mountain region, 
where it was domesticated by the indigenous people 
(Bergougnoux, 2014). They have easily spread around 
the world due to the great diversity of their usability 
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and its adaptation. As a result, there are currently 
hundreds of varieties of tomatoes. Current varieties 
were created by genetic breeding of native, wild species 
(Nuez and Díez, 2013). Tomato is one of the most 
important horticultural crops worldwide, with more 
than 186 million tonnes produced in 2020 (FAOSTAT, 
2020). It does not contain toxic substances, is palatable 
uncooked, can be easily processed into various 
products, and is even used to make pharmaceuticals. 
The plants have a high yield of fruit, they are easily 
grown under containment, indoors, in greenhouses, 
and in fields (Tzfira, 2007). Tomato is consumed fresh 
or as a processed product, i.e. ketchup, puree, paste, 
canned tomatoes, juice, and pasta sauces (Li et al., 
2018).

Tomatoes are considered to be one of the most popular 
vegetables, although, from a botanical point of view, 
it is a fruit. This species is a good source of various 
phytochemicals, mainly carotenoids and polyphenols. 
Tomatoes also contain a large number of other 
bioactive compounds, such as vitamins, terpenoids, 
glycoalkaloids, and many others that accumulate in 
their fruits (Mechlouch et al., 2012; Hafeznia et al., 
2014; Perveen et al., 2015; Martí et al., 2016). Tomatoes 
are the major source of lycopene and a number of other 
carotenoids, such as α-, β-, and γ-carotene, phytoene, 
phytofluene, and neurosporene (Perveen et al., 2015). 
Consumption of tomatoes has been linked to many 
health benefits, such as prevention of oxidative stress-
related diseases, and prevention of cardiovascular 
diseases (Szabo et al., 2019). Tomatoes are generally 
recognized for their outstanding antioxidant, 
anticancer, and antidiabetic properties (Faizan et al., 
2021). 

Even though phenolic compounds are secondary 
metabolites, they play a significant role in plant 
existence. Besides being involved in defense against 
herbivores and pathogens, in allelopathy processes, 
mechanical support, and attraction of pollinators and 
fruit dispersers, they also absorb damaging ultraviolet 
radiation (Taiz and Zeiger, 2006). Because of this, they 
tend to accumulate in the dermal tissue of the plant 
body (Peng et al., 2008). Polyphenol content in plants 
depends on various factors such as plant genetics and 
type of cultivar, growing conditions, soil composition, 
maturity state and post-harvest conditions, and others 
(Faller and Fialho, 2010).

Therefore, the purpose of this work was to evaluate 
the antioxidant activity and total polyphenol content 
in different tomato cultivars and determine the 
influence of cultivar on these parameters. These 

results could establish the basis for future research 
into the elaboration of tomatoes as a natural source of 
antioxidants and polyphenols. 

Material and methodology
Plant material
The researched cultivars of tomatoes (Perun, Tornado, 
Bejbino F1 60S, Darinka F1, Glacier, Tramezzino, 
Brioso) were obtained from various locations in 
Slovakia. Samples have been harvested at the state of 
complete ripeness. 

Extract preparation
25 g of homogenized tomatoes were extracted in 50 
mL of 80% methanol by horizontal shaker (Unimax 
2010, Heidolph Instrument GmbH, Germany) for 12 h 
and filtered through Munktell no. 390 filtrating paper 
(Munktell & Filtrac, Germany).

Total polyphenol content 
Total polyphenol content was determined by Folin-
Ciocalteau colorimetric method (Lachman et al., 2003). 
Folin-Ciocalteu phenol reagent (Merck, Germany), 
20% Na2CO3 (Sigma Aldrich, USA), and distilled water 
were used. 0.1 mL of extract was pipetted into a 50 mL 
volumetric flask. 0.85 mL of Folin-Ciocalteau reagent 
was added, and after 3 minutes, 5 mL of 20% Na2CO3 
was added. The mixture was stirred, and the flask was 
filled with distilled water to the mark. Flasks were left 
for 2 h at laboratory temperature and then measured 
against blank solution at 765 nm, using a Shimadzu 
UV-VIS scanning spectrophotometer (Shimadzu, 
Japan). Total polyphenol content was expressed as mg 
of gallic acid equivalent (GAE) in 1 kg of fresh weight 
(FW), based on the calibration curve (R² = 0.996).

Antioxidant activity
Antioxidant activity (AA) was measured by DPPH 
radical scavenging assay (Brand-Williams et al., 1995). 
DPPH• radical (2,2-diphenyl-1-picrylhydrazyl) (Sigma 
Aldrich, USA) and methanol (Sigma Aldrich, USA) 
were used to produce a working DPPH solution. 1 mL 
of extract was pipetted into 3.9 mL of working DPPH 
solution, stirred, and left in dark. After 10 minutes, the 
solution was measured against blank solution at nm, 
using a Shimadzu UV-VIS scanning spectrophotometer 
(Shimadzu, Japan). Antioxidant activity was expressed 
as mmol of Trolox equivalent (TE) in 1 kg of fresh weight 
(FW), based on the calibration curve (R² = 0.994).
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Statistical analysis
Statistical analysis was performed using RStudio (2020) 
software package. A nonparametric Kruskal-Wallis 
test was performed to find statistically significant 
information about differences among the tested 
samples (p <0.05). 7 samples, with 4 measurement 
replications each were analyzed.

Results and discussion
Regular intake of tomatoes has been linked to 
decreased risk of chronic diseases. Epidemiological 
findings confirm the observed health effects are due 
to the presence of different antioxidant molecules 
such as phenol compounds, carotenoids, and vitamin 
C (Frusciante et al., 2007). Antioxidants are important 
in the prevention of both animal and plant diseases, 
as they could delay or inhibit oxidation (Martínez-
Valverde et al., 2002).

The total polyphenol content and antioxidant activity 
of tomato cultivars are given in Table 1.

Total polyphenol content
Polyphenols are the most abundant antioxidants in the 
human diet. Recent data support the role of polyphenols 
in the prevention of cancer, cardiovascular diseases, 
and osteoporosis, and implies a contribution to the 
prevention of diabetes mellitus and neurodegenerative 
diseases (Abbas et al., 2017).

The total polyphenol content (TPC) in analysed tomato 
cultivars ranged from 231.48 to 559.08 mg GAE.
kg-1 FW. Highest TPC was determined in the cultivar 
Bejbino F1 60S, while the lowest TPC was determined 
in the cultivar Brioso. According to the results, the 
order for tomato cultivars based on their TPC could 
be as follows: Brioso< Darinka F1< Tornado< Perun< 
Glazier< Tramezzino< Bejbino F1 60S. 

Similar values were determined by other authors. 
Tamasi et al. (2019) reported TPC in tomato cultivars 
in the range 253.3–508.7 mg GAE.kg-1 FW. Carrilo-
López and Yahia (2013) reported TPC in Mexican 
tomatoes in the range of 227–437 mg GAE.kg-1 
FW. Minutolo et al. (2013) reported TPC in tomato 
cultivars in the range of 260–421 mg GAE.kg-1 FW. 
García- Valverde et al. (2013) reported TPC in tomato 
cultivars in the range of 186.92–558.63 mg GAE.kg-1 
FW. Chandra and Ramalingam (2011) reported TPC 
in commercially important Indian tomato cultivars in 
the range of 188.4–266.0 mg GAE.kg-1 FW. Chang et al. 
(2006) reported TPC in tomato cultivars in the range 
of 340–380 mg GAE.kg-1 FW. Slimestad and Verheul 
(2015) reported 215 mg GAE.kg-1 FW in cherry tomato 
cultivar Jennita. Pék et al. (2010) reported 294 mg 
GAE.kg-1 FW in tomato cultivar Lemance F1. Minoggio 
et al. (2003) reported lower TPC in different tomato 
cultivars in the range of 44.3–258.4 mg GAE.kg-1 FW. 
Asensio et al. (2019) reported lower TPC in Spanish 
traditional tomatoes in the range of 66.71–175.42 mg 
GAE.kg-1 FW. Jacob et al. (2010) reported 23.0 mg GAE.
kg-1 FW in the tomato cultivar Pera. 

Antioxidant activity
Antioxidants acquired from diet play an important 
part in helping endogenous antioxidants in the 
neutralization of oxidative stress. The nutrient 
antioxidant deficiency could be the cause of several 
chronic diseases (Pham-Huy and Pham-Huy, 2008). 

The antioxidant activity (AA) in analysed tomato 
cultivars ranged from 0.261 to 0.554 mmol TE.kg-1 FW 
(10.95 to 22.40%). The highest AA was determined in 
the cultivar Bejbino F1 60S, while the lowest AA was 
determined in the cultivar Darinka F1. According to the 
results, the order for tomato cultivars based on their 
AA could be as follows: Darinka F1< Brioso< Glazier< 
Tramezzino< Tornado< Perun< Bejbino F1 60S. 

Table 1 The total polyphenol content and antioxidant activity of tomato cultivars
Cultivar TPC (mg GAE.kg-1 FW ±SD) AA (mmol TE.kg-1 FW ±SD) AA (%)
Perun 307.69 ±8.50d 0.545 ±0.005e 22.40 ±0.64
Tornado 262.81 ±4.99e 0.508 ±0.008d 20.90 ±0.76
Bejbino F1 60S 559.08 ±5.92c 0.554 ±0.001e 22.75 ±0.47
Darinka F1 247.29 ±6.52b 0.261 ±0.023a 10.95 ±1.37
Glazier 361.69 ±9.54e 0.339 ±0.001b 14.11 ±0.45
Tramezzino 380.47 ±9.69f 0.435 ±0.013c 17.98 ±0.97
Brioso 231.48 ±8.30a 0.274 ±0.023a 11.48 ±1.35

Notes: Results are expressed as a mean of 4 measurement replications ± standard deviation (SD). Different letters indicate significant differences 
(p <0.05); TPC – total polyphenol content; AA – antioxidant activity; FW – fresh weight; GAE – gallic acid equivalent; TE – Trolox equivalent
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Similar values were determined by other authors. 
Erge and Karadeniz (2011) reported AA in Turkish 
tomatoes in the range of 0.42–0.58 mmol TE.kg-1 FW. 
Odriozola-Serrano et al. (2008) reported AA in Spanish 
tomato cultivars in the range of 9.8–26.6%. Gougoulias 
et al. (2012) reported AA in hydroponically cultured 
tomato Sandin F1 in the range of 0.07–0.84 mmol 
TE.kg-1 FW. Borguini et al. (2013) determined AA in 
various tomato extracts in the range of 11.33–72.34%. 
Tommonaro et al. (2021) determined AA in tomato 
cultivars in the range of 10.32–49.83%. Tamasi et al. 
(2019) reported higher AA in tomato cultivars in the 
range of 0.823–1.780 mmol TE.kg-1 FW. Nour et al. 
(2013) reported higher AA in Romanian tomatoes in 
the range of 0.81–1.74 mmol TE.kg-1 FW. Shahzad et 
al. (2014) reported higher AA in tomato cultivars in 
the range of 35.80–37.60%. Chandra and Ramalingam 
(2011) reported higher AA in commercially important 
Indian tomato cultivars in the range of 40.6–55.3%. 
Borguini et al. (2013) determined AA in various tomato 
extracts in the range of 11.33–72.34%. Tommonaro et 
al. (2021) determined AA in tomato cultivars in the 
range of 10.32–49.83%. Kaur et al. (2013) determined 
2.5–4.61 mmol TE.kg-1 FW of hydrophilic antioxidant 
activity and 0.17–0.24 mmol TE.kg-1 FW of lipophilic 
antioxidant activity in selected Indian tomatoes.

Statistical evaluation of the results showed a weak 
positive correlation between total polyphenol content 
and antioxidant activity of tomatoes (R² = 0.3127). 
Gougoulias et al. (2012) also determined a weak 
correlation between TPC and AA of tomatoes. De 
Souza et al. (2021) determined a moderate correlation 
between TPC and AA of tomatoes. Nour et al. (2013) 

and Patanè et al. (2019) determined a strong positive 
correlation between TPC and AA of tomatoes. On the 
other hand, Fidrianny et al. (2015) determined a strong 
negative correlation between TPC and AA of various 
tomato cultivars.

Conclusions
Tomatoes contain a number of health-promoting 
substances that have a beneficial effect on human 
health. They are a source of important bioactive 
substances characterized by antioxidant activity, 
among other positive effects. Based on this fact, it 
is important to include frequent consumption of 
tomatoes into our diet. The total polyphenol content 
and antioxidant activity of seven tomato cultivars were 
analysed in this study. Based on the results, we can 
state that tomatoes are a natural source of antioxidants 
and polyphenols. Statistical evaluation of the results 
confirmed significant differences among TPC and AA of 
individual cultivars. Linear regression revealed a weak 
positive correlation between TPC and AA of tomatoes.

Conflicts of interest
The authors declare no conflict of interest.

Ethical statement
This article does not contain any studies that would 
require an ethical statement.

Funding
This work was supported by the scientific grant VEGA 
1/0113/21 and by Operational program Integrated 

 

y = 0.0006x + 0.2089
R² = 0.3127

0.2

0.3

0.4

0.5

0.6

200 250 300 350 400 450 500 550 600

AA
 

(m
m

ol
 T

E.
kg

-1
FW

)

TPC 
(mg GAE.kg-1 FW)

Figure 1 Relationship between total polyphenol content (TPC) and antioxidant activity (AA) of tomato cultivars

www.uniag.sk


ISSN 2585-8246– 65 –

Agrobiodivers Improv Nutr Health Life Qual, 6, 2022(1): 61–66

Slovak University of Agriculture in Nitra
www.uniag.sk

Infrastructure within the project: Demand-driven 
research for the sustainable and innovative food, 
Drive4SIFood 313011V336, co-financed by the 
European Regional Development Fund.

Acknowledgments
The publication was prepared with the active 
participation of researchers in International Network 
AgrobioNet. 

References
Abbas, M., Saeed, F., Anjum, F. M., Afzaal, M., Tufail, T., Bashir, 

M.S., & Suleria, H. A. R. 2017. Natural polyphenols: An 
overview. In International Journal of Food Properties, 
20(8), 1689–1699. 
https://doi.org/10.1080/10942912.2016.1220393 

Asensio, E., Sanvicente, I., Mallor, C., & Menal-Puey, S. 2019. 
Spanish traditional tomato. Effects of genotype, location 
and agronomic conditions on the nutritional quality 
and evaluation of consumer preferences. In Food 
chemistry, 270, 452–458. 
https://doi.org/10.1016/j.foodchem.2018.07.131 

Bergougnoux, V. 2014. The history of tomato: from 
domestication to biopharming. In Biotechnology 
advances, 32(1), 170–189. 
https://doi.org/10.1016/j.biotechadv.2013.11.003 

Borguini, R.G., Bastos, D.H.M., Moita-Neto, J.M., Capasso, 
F.S., & Torres, E.A.F.D.S. 2013. Antioxidant potential 
of tomatoes cultivated in organic and conventional 
systems. In Brazilian Archives of Biology and 
Technology, 56, 521–529. 
https://doi.org/10.1590/S1516-89132013000400001 

Brand-Williams, W., Cuvelier, M.E., Berset, C. 1995. Use 
of a free radical method to evaluate antioxidant 
activities. In Lebensmittel Wissenschaft und Technologie, 
28(1), 25–30.
https://doi.org/10.1016/S0023-6438(95)80008-5

Carrillo-López, A., & Yahia, E. 2013. HPLC–DAD–ESI–MS 
analysis of phenolic compounds during ripening in 
exocarp and mesocarp of tomato fruit. In Journal of food 
science, 78(12), C1839–C1844. 
https://doi.org/10.1111/1750-3841.12295 

Chandra, H.M., & Ramalingam, S. 2011. Antioxidant potentials 
of skin, pulp, and seed fractions of commercially 
important tomato cultivars. In Food Science and 
Biotechnology, 20(1), 15–21.
https://doi.org/10.1007/s10068-011-0003-z 

Chang, C.H., Lin, H.Y., Chang, C.Y., & Liu, Y.C. 2006. 
Comparisons on the antioxidant properties of fresh, 
freeze-dried and hot-air-dried tomatoes. In Journal of 
Food Engineering, 77(3), 478–485. 
https://doi.org/10.1016/j.jfoodeng.2005.06.061 

Erge, H.S., & Karadeniz, F. 2011. Bioactive compounds and 
antioxidant activity of tomato cultivars. In International 
Journal of Food Properties, 14(5), 968–977. 

https://doi.org/10.1080/10942910903506210 
Faizan, M., Bhat, J.A., Chen, C., Alyemeni, M.N., Wijaya, L., 

Ahmad, P., & Yu, F. 2021. Zinc oxide nanoparticles (ZnO-
NPs) induce salt tolerance by improving the antioxidant 
system and photosynthetic machinery in tomato. In 
Plant Physiology and Biochemistry, 161, 122–130. 
https://doi.org/10.1016/j.plaphy.2021.02.002 

Faller, A.L.K., & Fialho, E. 2010. Polyphenol content and 
antioxidant capacity in organic and conventional plant 
foods. In Journal of Food Composition and Analysis, 23(6), 
561–568. https://doi.org/10.1016/j.jfca.2010.01.003 

FAOSTAT. 2022. Crops and livestock products [cit. 22-02-22]. 
Available at: http://www.fao.org/faostat/en/#data/QCL

Fidrianny, I., Natalia, S., & Insanu, M. (2015). Antioxidant 
capacities of various fruit extracts from three varieties 
of tomato and correlation with total phenolic, flavonoid, 
carotenoid content. In International Journal of 
Pharmaceutical and Clinical Research, 7(4), 283–289. 
https://doi.org/10.3923/rjmp.2013.130.140 

Frusciante, L., Carli, P., Ercolano, M. R., Pernice, R., Di Matteo, 
A., Fogliano, V., & Pellegrini, N. 2007. Antioxidant 
nutritional quality of tomato. In Molecular nutrition & 
food research, 51(5), 609–617.
https://doi.org/10.1002/mnfr.200600158 

García-Valverde, V., Navarro-González, I., García-Alonso, 
J., & Periago, M.J. 2013. Antioxidant bioactive 
compounds in selected industrial processing and fresh 
consumption tomato cultivars. In Food and Bioprocess 
Technology, 6(2), 391–402.
https://doi.org/10.1007/s11947-011-0687-3 

Gerszberg, A., Hnatuszko-Konka, K., Kowalczyk, T., & 
Kononowicz, A.K. 2015. Tomato (Solanum lycopersicum 
L.) in the service of biotechnology. In Plant Cell, Tissue 
and Organ Culture (PCTOC), 120(3), 881–902.
https://doi.org/10.1007/s11240-014-0664-4 

Gougoulias, N., Papachatzis, A., Kalorizou, H., Vagelas, I., 
Chouliaras, N., & Iliadou, E. 2012. Hydroponically 
cultured tomato fruit phenolics, lycopene and 
antioxidant activity at different ripening stages. In 
Annals of Nutrition and Metabolism, 60(2), 46–51.

Hafeznia, M., Mashayekhi, K., Ghaderifar, F., & Mousavizadeh, 
S.J. 2014. Tomato morphological and biochemical 
characteristics in response to foliar applying of salicylic 
acid. In International Journal of Biosciences, 5(9), 237–
243. http://doi.org/10.12692/ijb/5.9.237-243 

Jacob, K., Garcia-Alonso, F.J., Ros, G., & Periago, M.J. 2010. 
Stability of carotenoids, phenolic compounds, ascorbic 
acid and antioxidant capacity of tomatoes during 
thermal processing. In Archivos Latinoamericanos de 
Nutricion (ALAN), 60(2), 192.

Kaur, C., Walia, S., Nagal, S., Walia, S., Singh, J., Singh, B. B., Saha, 
S., Singh, B., Kalia, P., Jaggi, S., & Sarika (2013). Functional 
quality and antioxidant composition of selected tomato 
(Solanum lycopersicon L.) cultivars grown in Northern 
India. In LWT-Food Science and Technology, 50(1), 139–
145. https://doi.org/10.1016/j.lwt.2012.06.013 

www.uniag.sk
https://doi.org/10.1080/10942912.2016.1220393
https://doi.org/10.1016/j.foodchem.2018.07.131
https://doi.org/10.1016/j.biotechadv.2013.11.003
https://doi.org/10.1590/S1516-89132013000400001
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1111/1750-3841.12295
https://doi.org/10.1007/s10068-011-0003-z
https://doi.org/10.1016/j.jfoodeng.2005.06.061
https://doi.org/10.1080/10942910903506210
https://doi.org/10.1016/j.plaphy.2021.02.002
https://doi.org/10.1016/j.jfca.2010.01.003
http://www.fao.org/faostat/en/#data/QCL
https://doi.org/10.3923/rjmp.2013.130.140
https://doi.org/10.1002/mnfr.200600158
https://doi.org/10.1007/s11947-011-0687-3
https://doi.org/10.1007/s11240-014-0664-4
http://doi.org/10.12692/ijb/5.9.237-243
https://doi.org/10.1016/j.lwt.2012.06.013


ISSN 2585-8246– 66 –Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 6, 2022(1): 61–66

Lachman, J., Pronek, D., Hejtmánková, A., Dudjak, J., Pivec, V., 
& Faitová, K. 2003. Total polyphenol and main flavonoid 
antioxidants in different onion (Allium cepa L.) varieties. 
In Horticultural Science, 30(4), 142–147.

Li, Y., Wang, H., Zhang, Y., & Martin, C. 2018. Can the world’s 
favorite fruit, tomato, provide an effective biosynthetic 
chassis for high-value metabolites? In Plant cell 
reports, 37(10), 1443–1450. 
https://doi.org/10.1007/s00299-018-2283-8 

Martí, R., Roselló, S., & Cebolla-Cornejo, J. (2016). Tomato 
as a source of carotenoids and polyphenols targeted 
to cancer prevention. In Cancers, 8(6), 58. 
https://doi.org/10.3390/cancers8060058 

Martínez-Valverde, I., Periago, M.J., Provan, G., & Chesson, A. 
2002. Phenolic compounds, lycopene and antioxidant 
activity in commercial varieties of tomato (Lycopersicum 
esculentum). In Journal of the Science of Food and 
Agriculture, 82(3), 323–330. 
https://doi.org/10.1002/jsfa.1035 

Mechlouch, R.F., Elfalleh, W., Ziadi, M., Hannachi, H., Chwikhi, 
M., Aoun, A.B., & Cheour, F. 2012. Effect of different 
drying methods on the physico-chemical properties of 
tomato variety ‘Rio Grande‘. In International Journal of 
Food Engineering, 8(2). 
http://doi.org/10.1515/1556-3758.2678 

Minoggio, M., Bramati, L., Simonetti, P., Gardana, C., Iemoli, 
L., Santangelo, E., Mauri, P.L., Spigno, P., Soressi, G.P., & 
Pietta, P.G. 2003. Polyphenol pattern and antioxidant 
activity of different tomato lines and cultivars. In Annals 
of Nutrition and Metabolism, 47(2), 64–69. 
https://doi.org/10.1159/000069277 

Minutolo, M., Amalfitano, C., Evidente, A., Frusciante, L., 
& Errico, A. 2013. Polyphenol distribution in plant 
organs of tomato introgression lines. In Natural Product 
Research, 27(9), 787–795. 
https://doi.org/10.1080/14786419.2012.704371 

Nour, V., Trandafir, I., & Ionica, M.E. 2013. Antioxidant 
compounds, mineral content and antioxidant activity 
of several tomato cultivars grown in Southwestern 
Romania. In Notulae Botanicae Horti Agrobotanici Cluj-
Napoca, 41(1), 136–142. 
https://doi.org/10.15835/nbha4119026 

Nuez, F., & Díez, M.J. 2013. Solanum lycopersicum var. 
lycopersicum (Tomato). In Reference Module in Life 
Sciences, 476–480. 
http://doi.org/10.1016/B978-0-12-374984-0.00888-3

Odriozola-Serrano, I., Soliva-Fortuny, R., & Martín-Belloso, 
O. 2008. Effect of minimal processing on bioactive 
compounds and color attributes of fresh-cut tomatoes. 
In LWT-Food Science and Technology, 41(2), 217–226.
https://doi.org/10.1016/j.lwt.2007.03.002 

Patanè, C., Malvuccio, A., Saita, A., Rizzarelli, P., Siracusa, L., 
Rizzo, V., & Muratore, G. 2019. Nutritional changes 
during storage in fresh-cut long storage tomato as 
affected by biocompostable polylactide and cellulose 
based packaging. In LWT, 101, 618–624. 
https://doi.org/10.1016/j.lwt.2018.11.069 

Pék, Z., Helyes, L., & Lugasi, A. 2010. Color changes and 
antioxidant content of vine and postharvest-ripened 
tomato fruits. In HortScience, 45(3), 466–468. 
https://doi.org/10.21273/HORTSCI.45.3.466 

Peng, Y., Zhang, Y., & Ye, J. 2008. Determination of 
phenolic compounds and ascorbic acid in different 
fractions of tomato by capillary electrophoresis with 
electrochemical detection. In Journal of agricultural and 
food chemistry, 56(6), 1838–1844. 
https://doi.org/10.1021/jf0727544 

Perveen, R., Suleria, H. A. R., Anjum, F. M., Butt, M. S., Pasha, 
I., & Ahmad, S. (2015). Tomato (Solanum lycopersicum) 
carotenoids and lycopenes chemistry; metabolism, 
absorption, nutrition, and allied health claims – 
a comprehensive review. In Critical reviews in food 
science and nutrition, 55(7), 919–929.
https://doi.org/10.1080/10408398.2012.657809 

Pham-Huy, L.A., He, H., & Pham-Huy, C. 2008. Free radicals, 
antioxidants in disease and health. In International 
Journal of Biomedical Science: IJBS, 4(2), 89.

RStudio. 2020. RStudio: Integrated Development for 
R. Boston, MA, USA : RStudio, Inc. 
https://www.rstudio.com/ 

Shahzad, T., Ahmad, I., Choudhry, S., Saeed, M.K., & Khan, M.N. 
2014. DPPH free radical scavenging activity of tomato, 
cherry tomato and watermelon: Lycopene extraction, 
purification and quantification. In International 
Journal of Pharmacy and Pharmaceutical Sciences, 6(2), 
223–228.

Slimestad, R., & Verheul, M.J. 2005. Content of chalconaringenin 
and chlorogenic acid in cherry tomatoes is strongly 
reduced during postharvest ripening. In Journal of 
agricultural and food chemistry, 53(18), 7251–7256. 
https://doi.org/10.1021/jf050737d 

Szabo, K., Diaconeasa, Z., Cătoi, A.F., & Vodnar, D.C. 2019. 
Screening of ten tomato varieties processing waste for 
bioactive components and their related antioxidant and 
antimicrobial activities. In Antioxidants, 8(8), 292. 
https://doi.org/10.3390/antiox8080292 

Taiz, L., & Zeiger, E. 2006. Plant Physiology. 4th ed. Sinauer 
Associates, Inc., Sunderland, MA. 

Tamasi, G., Pardini, A., Bonechi, C., Donati, A., Pessina, F., 
Marcolongo, P., Gamberucci. A., Leone. G., Consumi. 
M., Magnani, A., & Rossi, C. 2019. Characterization 
of nutraceutical components in tomato pulp, skin 
and locular gel. In European Food Research and 
Technology, 245(4), 907–918.
https://doi.org/10.1007/s00217-019-03235-x 

Tommonaro, G., Morelli, C. F., Rabuffetti, M., Nicolaus, B., De 
Prisco, R., Iodice, C., & Speranza, G. 2021. Determination 
of flavor-potentiating compounds in different Italian 
tomato varieties. In Journal of Food Biochemistry, 45(5), 
e13736. https://doi.org/10.1111/jfbc.13736 

Tzfira, T. 2007. Agrobacterium Protocols. Volume I. Methods in 
Molecular Biology, Volume 343.

www.uniag.sk
https://doi.org/10.1007/s00299-018-2283-8
https://doi.org/10.3390/cancers8060058
https://doi.org/10.1002/jsfa.1035
http://doi.org/10.1515/1556-3758.2678
https://doi.org/10.1159/000069277
https://doi.org/10.1080/14786419.2012.704371
https://doi.org/10.15835/nbha4119026
http://doi.org/10.1016/B978-0-12-374984-0.00888-3
https://doi.org/10.1016/j.lwt.2007.03.002
https://doi.org/10.1016/j.lwt.2018.11.069
https://doi.org/10.21273/HORTSCI.45.3.466
https://doi.org/10.1021/jf0727544
https://doi.org/10.1080/10408398.2012.657809
https://www.rstudio.com/
https://doi.org/10.1021/jf050737d
https://doi.org/10.3390/antiox8080292
https://doi.org/10.1007/s00217-019-03235-x
https://doi.org/10.1111/jfbc.13736

