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ABSTRACT - Tomatoes are an important component of the human diet because they are rich in minerals and
antioxidants that sequester free radicals in cells, preventing various disorders that affect human health. Here,
we aimed to evaluate the effects of different nitrogen sources and concentrations on antioxidant capacity and
physical and chemical quality of tomato fruit. The experiment was conducted in Vitoria da Conquista, state of
Bahia, Brazil, in the experimental field of Universidade Estadual do Sudoeste da Bahia. The experimental setup
included a randomized block design with four replicates in a factorial layout of 3 x 3 + 1 (control), for a total of
40 plots. The three treatments comprised different nitrogen sources (calcium nitrate, urea, and ammonium
sulfate), applied in three doses (140, 280, and 420 kg ha™'). We evaluated firmness, pH, titratable acidity - TA,
soluble solid - SS, SS/TA ratio, ascorbic acid, carotenoids, flavonoids, phenolic compounds and DPPH
inhibition, were evaluated after samples were harvested. However, increasing concentrations of N adversely
affected the acidity and led to an increase in the SS/TA ratio. Increasing the N concentration also reduced the
content of bioactive compounds. excluding carotenoids, which consequently impaired antioxidant activity.

Keywords: Solanum lycopersicum L.. Bioactive compounds. Antioxidant capacity. Ammonium. Nitrate.

QUALIDADE E ATIVIDADE ANTIOXIDANTE DE TOMATE CULTIVADO SOB DIFERENTES
FONTES E DOSES DE NITROGENIO

RESUMO - O tomate ¢ um importante componente da dieta humana, pois é rico em sais minerais € compostos
antioxidante que sequestram os radicais livres presentes nas células do organismo, evitando varios disturbios na
satide humana. O presente trabalho teve o objetivo de avaliar os efeitos de fontes e doses de nitrogénio sobre a
capacidade antioxidante e a qualidade fisico-quimica dos frutos do tomateiro. O experimento foi realizado na
cidade de Vitoria da conquista — BA, no campo experimental da Universidade Estadual do Sudoeste da Bahia.
O delineamento experimental utilizado foi em blocos casualizados, com quatro repeticdes em esquema fatorial
3 x 3 + 1 (testemunha), totalizando 40 parcelas. Os tratamentos foram compostos por trés fontes de Nitrogénio
(nitrato de calcio, ureia e sulfato de aménio) e trés doses (140, 280 e 420 kg ha™). Apos a colheita foram
avaliados os atributos da qualidade do fruto: firmeza, pH, acidez titulavel, soélidos solaveis, ratio, acido
ascorbico, DPPH, compostos fendlicos, carotenoides, flavonodides. Os niveis crescentes de N influenciaram
negativamente nos conteudos de acidez titulavel, por outro lado, proporcionou aumento na relagdo SS/AT. Os
incrementos de N também reduziram o conteido de compostos bioativos, exceto carotenoide,
consequentemente prejudicou a atividade antioxidante.

Palavras-chaves: Solanum lycopersicum L.. Compostos bioativos. Capacidade antioxidantes. Amonio. Nitrato.
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INTRODUCTION

Tomato is one of the most cultivated and
consumed vegetables in the world, and the global
production of this fruit has doubled in the last 20
years (CARVALHO; PAGLIUCA, 2007). Increasing
tomato consumption has proved to be one of the
main factors leading to the expansion and
development of this crop in many countries,
encouraging the sale of fresh product (CASA;
EVANGELISTA, 2009).

Tomato fruits are important sources of
vitamins and minerals in the human diet, as they are
rich in antioxidants and bioactive compounds, which
are secondary metabolites produced by plants.
Phenolic compounds, ascorbic acid, and lycopene,
are examples of bioactive compounds found in
tomatoes (ROCHA; SILVA, 2011).

Lycopene is the most abundant antioxidant
compound in tomatoes, and it imparts the
characteristic red color to the majority of existing
tomato cultivars on the market. Lycopene and other
bioactive compounds, are responsible for antioxidant
activity of tomatoes, which prevents the oxidation of
essential molecules caused by free radicals, and
contribute significantly to the maintenance of human
health, including the prevention of heart disease and
prostate cancer.

According to Ferreira et al., (2006), tomato
yield was previously the main criterion used to
evaluate the efficiency of various farming practices
for this crop, while the quality of fruit was not an
important criterion. However, due to the emphasis on
the importance of healthier foods, attention has
recently been focused on the agronomic practices
implemented during the production of food in order
to develop products with better nutritional and
nutraceutical qualities.

Tomato antioxidant components depend on
the cultivar, growing conditions, growing season,
maturation stages both in production and post
harvest, and mineral nutrition (ANZA; RIGA;
GARBISU, 2006; JAVANMARDI; KUBOTA,
2006; GUIL-GUERRERO; REBOLLOSO-
FUENTES, 2009; BENARD et al., 2009; ILAHY et
al., 2011; BORGUINI et al., 2013).

The mineral nutrition controls  the
physiological processes of plants, and can influence
the amount of some organic and inorganic
compounds in the plant (HASSAN et al., 2012). In
fruits and vegetables, some authors have observed
the effects of nitrogen (N) fertilization on pH,
concentration of soluble solids, titratable acidity, and
antioxidant activity, as well as vitamin C content,
antioxidant compounds, and nitrate content
(WARNER; ZHANG; HAO, 2004; HEEB et al.,
2005; TOOR; SAVAGE; HEEB, 2006; KOPSELL;
KOPSELL, 2006; KEMAL et al., 2007).

In relation to nitrogen (N) uptake in plants, it
has been shown that plants can absorb both inorganic

ammonium ions (N-NH,") and nitrate (N-NO5).
Some studies have shown that the application of high
levels of N-NH," and low levels of N-NO; improves
fruit quality (MARINO et al., 2001; FLORES et al.,
2003). Differences in the supply and availability of
nutrients in various fertilizers can affect the
production of secondary metabolites (TOOR;
SAVAGE; HEEB, 2006).

Since color, flavor, and nutraceutical quality
of tomatoes may also depend on its antioxidant
components, new perspectives on the factors that can
affect its composition could aid in clearly defining
the quality of tomato (BENARD et al., 2009). There
are only a few studies on the impact of N supply on
the antioxidant content of tomato (DUMAS et al.,
2003; TOOR; SAVAGE; HEEB, 2006; BENARD et
al., 2009), and more data on the effects of this
element is needed.

Studies on leaves have shown that the supply
of N dramatically affects primary and secondary
metabolism (FRITZ et al.,, 2006; HASSAN et al.,
2012). Furthermore, Fritz et al. (2006), found that
phenolic compounds in tomato leaves increased in
response to a low supply of N; however, significant
variation was observed in tomato fruits (BENARD et
al., 2009). A decrease in tomato ascorbic acid
content was reported by Dumas et al., (2003), when
the supply of N increased. Conversely, B-carotene
content increased along with increasing N supply;
nevertheless, the impact of N supply on lycopene
content is more controversial (DUMAS et al. 2003;
BENARD et al., 2009). The N supply can affect the
primary and secondary metabolism of the fruit and
may also affect plant development, causing changes
in the irradiation of fruit, hence, their metabolism,
reducing ascorbic acid content under conditions of
high levels of N (DUMAS et al., (2003).

There is limited information on the effect of
different sources of N fertilizers on the antioxidant
compounds and antioxidant activity of tomatoes. The
available data on the mineral nutrition in tomatoes
that influence antioxidants are insufficient and/or not
very reliable or, in some cases, not relevant, in the
present study, we aimed to evaluate the effects of N
sources and dosage on bioactive compounds,
antioxidant activity and the physical and chemical
characteristics of tomato fruits.

MATERIAL AND METHODS

The experiment was conducted in the city of
Vitoria da Conquista, Brazil (Latitude 14°53'S and
Longitude 40°48'W), in the experimental field of the
Universidade Estadual do Sudoeste da Babhia,
between October 2012 and March 2013, in
LATOSOL - Red-Yellow alic, using the tomato
hybrid, Silvetty, at a spacing of 1,2 x 0,6 m.

The correction for soil preparation was made
using 1.3 ton ha magnesium and calcium silicate,
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based on the results of previous soil analyses
(Table 1), increasing the base saturation to 70%. The
other nutrients were also applied according to the
results of soil analysis; the following dosages were
applied: 270 kg ha™ P,Os, 450 kg ha™ K, 7.61 kg ha™
Ca, 3.75 kg ha! Mg, 0.6 kg ha Cu, 0.54 kg ha” B,
0.2 kgha™ Fe, 0.3 kg ha™ Zn and 0.2 kg ha™ Mo.
The experimental design included a
randomized block with four replicates in a factorial

3 x 3 + 1 (control), totaling 40 plots. The treatments
varied among three sources of N (calcium nitrate,
urea, and ammonium sulfate) administered at three
doses (140, 280, and 420 kg ha'). Each plot
corresponded to 44 plants arranged in 4 rows of 11
plants, and only 7 plants from the central lines of the
plot were considered useful. The treatments began
two weeks after transplanting and were applied
weekly until the 9™ week.

Table 1. Soil analysis results at the site surveyed experimental area.

pH K Ca Mg Al Na T

H+Al \% MO P Fe Zn Cu Mn

cmol dm™
5.7 0.26 1.6 0.6 0.3 0.04 5.4

e
46 2.8 3 85 1.3 1.0 64

Extractor (P), Mehlich-1.

A drip irrigation system was used in addition
to other practices, such as hilling (30 days after
transplanting [DAT]) and sprouting (beginning at 40
DAT). Two stems per plant were maintained and
plant health treatments were performed when
necessary.

The harvest started at 110 days after sowing
and lasted for five weeks, by collecting only the
fruits that reached market ripeness, and were green in
color with pink spots. After harvesting, the quality
attributes of the fruit were evaluated, including
firmness, pH, soluble solids (SS), titratable acidity
(TA), SS/TA ratio, ascorbic acid, phenolic
compounds, carotenoids, flavonoids, and total
antioxidant activity.

For these experiments, four fruits obtained
from parcels sent to the laboratory were used. The
containers were cleaned and firmness was assessed
using a digital texturometer. Immediately after that,
the fruits were crushed and a sample of 20 g was
taken for chemical analysis. pH was measured using
a digital pH meter, SS content was determined using
a digital refractometer at 26 °C, titratable acidity was
determined by titrating 0.05 M NaOH solution
(AOAC, 1997), and the SS/TA ratio was obtained by
dividing the values of soluble solids by the titratable
acidity.

Ascorbic acid content was determined after
titration with a 0.5% Tillman’s solution
(STROHECKER; HENNING, 1967). The other
bioactive compounds were determined by
spectrophotometry. Specifically, total carotenoids,
determined by the method proposed by Nagata and
Yamashita (1992) with modifications, and flavonoids
were quantified according to the methodology
described by Awad et al (2000). The total
concentration of phenolics was determined according

to the procedure proposed by Wettasinghe and
Shahidi (1999), using the Folin-Ciocauteau method
and antioxidant activity quantified by a,
a-diphenyl-B-picrylhydrazyl (DPPH) free radical
scavenging method (BONDET;
BRAND-WILLIAMS; BERSET, 1997), and the
extracts were obtained using 5 g of the sample
mixture with 15 ml of 80% ethanol
(BRAND-WILLIAMS; CUVELIER; BERSET,
1995).

The data were submitted to analysis of
variance polynomial regression, and average
relationships compared using the Tukey’s test at 5%
probability using statistical software Sisvar®,
version 5.1 (FERREIRA, 2011).

RESULTS AND DISCUSSION

The influence of N fertilization on the quality
of the tomato hybrid Silvetty is presented in Table 2.
The firmness of the fruit was not significantly
affected by different levels or sources of N. Warner,
Zhang and Hao (2004), reported similar results when
they evaluated the influence of different doses of N
on the commercial quality of the tomato fruit in the
cultivars CC337, H9230, H9492, and H9553. Heeb
et al., (2005) evaluated different forms of N (N-NH,"
and N-NO;) in the cultivar “Armada”, although both
had mean values of 2.85 and 6.9 kg cm?
respectively, which were higher than those reported
in the present study (2.28 kg cm™). This difference
can be attributed to the advanced stage of ripeness of
the tomatoes used for evaluation, while in the
previous study mentioned above, the fruits assessed
were at the commercially acceptable ripeness stage.
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Table 2. Summary of analysis of variance and average of firmness, pH, titratable acidity (TA), and soluble solids (SS), and
SS/TA ratio of tomato fruits depending on nitrogen (N) fertilization at the site.

SV GL Firmness pH TA SS SS/TA
Mean Square
Block 3 0.01654™ 0.26347* 0.00277* 4.31097* 4.32862*
Source 2 17.14121™ 0.03482* 0.00083™ 0.65224"™ 0.76136™
Doses 3 32.39265™ 0.01989™ 0.02601* 0.309583™ 3.92705™
SxD 6 22.01873™ 0.01378™ 0.01732™ 0.175573™ 1.64436™
Error 33 13.79294 0.00948 0.00484 0.255704 1.43720
CV (%) 25.56 2.29 9.4 17.31 9.08
kg cm™ % Citric acid °Brix U

Calcium Nitrate 1.38 a 420b 0.395a 431a 10.69 a
Ammonium Sulfate 1.38a 4.27 ab 0.396 a 4.10a 1031 a

Urea 1.38a 4.29 a 0.398 a 4.19 a 11.69 a

DMS 0.09 0.08 0.03 0.21 1.07

*= Significant (P < 0.05) by the F test.
"= Not significant.

Averages followed by the same letters on the column indicate that the values do not differ according to the Tukey’s test

(P <0.05).

Pectic substances present in the cell walls of
plants are structures that contribute to the firmness of
fruit (SCHWARTZ et al., 2010) and are found in
different forms. The protopectin, a water insoluble
form of pectic substances, undergoes transformation
to pectin during fruit maturation, which by
enzymatic action, is first solubilized and then
completely degraded when the fruit is ripe, leading to
a change in firmness (OLIVEIRA et al., 2006).

The pH values of the tomato fruit pulp are
shown in Table 2, and a lower average was obtained
when using calcium nitrate compared with urea. It is
possible that larger amounts of reserve carbohydrates
were transformed into organic acids and
concentrated in vegetable and fruit tissue, leading to
a reduction of NO;™ and lower rates of photosynthesis
in plants treated with calcium nitrate, ultimately
affecting the pH. Consequently, the pH of tomatoes
produced using calcium nitrate was lower (BRITTO;
KRONZUCKER, 2005).

There were no significant effects of different
N sources on the acid content of the tomato pulp
(Table 2); however, a reduction in acidity values
(from 0.400% to 0.350%) of citric acid was observed
with an increase in N concentration from 0 to 420 kg
ha™' (Figure 1). According to Jones Junior (1999), the
increase in N levels negatively affected the quality of
fruit, because the high acidity influences the flavor of
the tomato.

Although the mean values of acidity were
similar to the results of Ferreira et al., (2006), which
found 0.389% of citric acid in tomato fruit (cv. Santa
Cruz), in this study, these values did not change with
increasing doses of N. According to Bénard et al.,
(2009), N fertilization can affect total titratable
acidity, contributing to the reduction of its content in
tomato fruits.

The different sources and doses of N did not
significantly influence the content of soluble solids

in tomato pulp (Table 2). The results presented here
are in agreement with the previous findings from
Toor, Savage and Heeb (2006), who studied the
effects of different N sources on the quality of the
tomato cv. Armada, and did not identify significant
differences in the soluble solid content.

Further corroborating this study. Warner,
Zhang and Hao, (2004) found that the amount of
soluble solids was not affected by different
concentrations of N, when they tested doses ranging
from 0 to 200 kg ha™ of N in tomatoes for industry.
The average content of soluble solids was higher (5.8
°Brix) than the average values found in this study
(4.20 °Brix). On the contrary, Ferreira et al., (2006)
reported mean values of 3.93 °Brix, lower than those
found here, although they also did not change with
increasing doses of N.

No significant differences among the SS/TA
ratios were identified using different N sources
(Table 2). However, an increased SS/TA ratio was
previously observed in tomato (cv. Armada), when a
higher proportion of N-NH," in the nutrient solution
was used compared to N-NO; (HEEB et al., 2005).

Despite the lack of significant difference
(P < 0.05) observed in the analysis of variance
regarding the dose of N used, there was a tendency
for this ratio to increase with greater N doses
compared to the control (Figure 1B). Kobryn and
Hallmann (2005) reported average increases in the
SS/TA ratio in fruits of three tomato cultivars
(Cunero, Tradiro, and Favorita) ranging from 9.95 to
12.54, when the N dose increased from 140 to 210
kg ha'. However, an increase in this ratio with a
reduction of N dose in nutrient solution has also been
reported (BENARD et al., 2009).

In this study, reducing the titratable acidity
values might have enabled the increase in the ratio
along with the increase in N levels.
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Figure 1. Values of titratable acidity (A) and SS/TA ratio (B) in function of doses of nitrogen N.

The ascorbic acid content in Silvetty tomatoes
decreased with an increase in N concentration,
starting 140 kg ha' (Figure 2), only when
ammonium sulfate was used. In regard to urea, there
was a linear trend in the reduction of ascorbic acid
content with the addition of N. Other authors have
also reported a negative relationship between the
content of ascorbic acid in tomato fruit and an

increase in N. Bénard et al., (2009) found that the
reduction of N levels impacts the content of ascorbic
acid, causing a slight increase from 11% to 29% and
corroborating the results presented here, in instances
when N doses used were higher than 140 kg ha™.
Simone et al., (2007) observed a decrease of 25% in
the ascorbic acid content, when the N supply
increased from 0 to 392 kg ha™.

Table 3. Summary of analysis of variance and average of ascorbic acid (AA), antioxidant activity (DPPH), phenolic
compounds (FC), carotenoids, and flavonoids in relation to N fertilization at the study site.

N\ GL AA Carotenoids Flavonoids FC DPPH
Mean Squares
Block 3 69.9842* 377.3839* 29.8865™ 67.1212* 655.5220%*
Sources 2 2.7375™ 81.7301™ 33.7434™ 1767.0322* 55.9489™
Doses 3 4.0604™ 354.2207* 308.7035* 113.4002* 1374.5456*
SxD 6 8.2138* 205.5056™ 32.2277"% 3.1042"™ 24.6805™
Error 33 2.731249 86.1162 34,7321 7.0285 125.6624™
CV (%) 17.31 36.75 3.68 21.14
mg 100 g mg 100 g’ mg 100 g’ mg 100 g’ GAE % inhibition
Calcium 1413 a 412a 14.88a 82.56a 55.18a
Nitrate
Ammonium 1388 a 367a 1556 a 7218 b 51.96 a
Sulfate
Urea 13.94 a 391a 17.66 a 61.54 ¢ 5193 a
SMD 1.38 8.05 5.11 2.30 9.72

*= Significant (P < 0.05) by the F test;
"= No significant;

Averages followed by same letters on the column indicate that the values do not differ according to the Tukey’s test

(P <0.05).

Dumas et al., (2003) found that exposure of
the fruit to sunlight favored the accumulation of
ascorbic acid content in the pulp. However, high
doses of N lead to shoot biomass production, thus,
the leaves shade the fruit and reduce the ascorbic
acid content produced (TOOR; SAVAGE; HEEB,
2006). This hypothesis is supported since the verified
values of shoot biomass were 123.75 and 175.75 g in
the control at a dose of 420 kg ha™', respectively.

An increase from 3.33 to 4.47 g 100 g™ in the

Rev. Caatinga, Mossoro, v. 29, n. 4, p. 780 — 788, out. — dez., 2016

carotenoid content (Figure 3) was found when doses
of N were elevated from 0 to 420 kg ha'.
Corroborating the results presented here, Bénard et
al., (2009) found a reduction in lycopene content
according to the reduction in the supply of N.
According to Graziani et al., (2003), 80—90% of the
total carotenoids present in the tomato are in the
form of lycopene and present in the peel and pulp of
tomatoes, adding value to products in the tomato
industry.
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Figure 2. Content of ascorbic acid in fruit of the Silvety tomato hybrid when grown using different sources and doses of N.

The significant reduction of flavonoid content
in tomato pulp was due to the increase in doses of N
(Figure 3 B). Bénard et al., (2009) found an increase
in the content of rutin present in tomato fruit when
the supply of N was reduced in the plant,
demonstrating that N has an important role in the
synthesis of polyphenols and flavonoids.

According to Parr and Bolwell (2000),
exposure to light induces production of flavonoids in
fruit, which, along with carotenoids, are plant
pigments protect the organism from UV located in
the tomato peel. Therefore, the increase in N can
lead to increases in shoot biomass, shading the fruit
during development and, thus, can reduce the
flavonoid content.

The total phenolic compound content was
influenced not only by different doses of N but also
by the various N sources used. The increased levels
of N reduced the phenolic compound content from
75.63 g 100 g' GAE. (in the control). to 68.84 g
100g" GAE. at a dose of 420 kg ha™ N (Figure 4).
By reducing N supply during tomato production,
Bénard et al., (2009) found that the content of
phenolic compounds slightly increased, confirming
the results obtained in this study.

785

Toor, Heeb and Savage (2006) reported that
there was competition between protein synthesis and
phenolic compound concentration, as they share a
common precursor in their biosynthetic pathways
(L-phenylalanine). Therefore, plants with limited
supplies of N and sufficient light to ensure a normal
photosynthetic rate, could be involved in additional
carbon sequestration during photosynthesis, instead
of allocating the surplus for the synthesis of
secondary compounds, such as polyphenols.

The change in phenolic compound content in
relation to N dose was similar to that of the
flavonoids, thus, they are both affected by the high
supply of N exerts on phenolic compounds is clearly
denoted.

Among the sources of N applied, the greatest
influence on phenol content was observed using
calcium nitrate in the tomato Silvetty (Table 3).
However, Toor, Heeb and Savage (2006), found no
significant difference in the content of phenolic
compounds in tomato produced with different types
of N (N-NH," and N-NOs-). The same authors found
that application of high levels of N-NH," promoted
plant growth by reducing the production of
secondary metabolites involved in plant defense and,
consequently, reducing antioxidant activity.
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Figure 3. Values of carotenoids (A) e Flavonoids (B) in function of doses of N.

The antioxidant activity in 330 mg ml"' of
tomato in alcoholic extract reduced inhibition of the
DPPH free radical from 65.40% to 40.64% when the
treatments ranged from 0 to 420 kg ha™' of N (Figure
4B). Alternatively, Nunez-Ramirez et al., (2011)
found that when analyzing the effect of N doses in
the habanero pepper (Capsicum chinense Jacq.) cv.
Naranja grown in an open environment, they found
no significant effect of nitrogen fertilization on the
antioxidant capacity.

Other authors have found no significant effect
of N in antioxidant activity of other crops, such as
melons (FERRANTE et al., 2008) and watercress
(KOPSELL et al., 2007). Nevertheless, Ibrahim et
al., (2012) have reported the reduction of antioxidant

~
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activity of leaves, stems, and roots from a medicinal
plant (Labisia pumila Blume) with an increase in N
supply.

Therefore, the decrease in antioxidant activity
presented the present study, suggests there is a
decrease in antioxidant activity with the supply of N
in tomatoes. The change in antioxidant activity of
tomatoes depending on ammonium sulfate
concentration was similar to that observed in the
content of phenolic compounds. Toor, Savage and
Lister (2005) reported that phenolic compounds are
the most important contributors to antioxidant
activity. However, more research is needed to
demonstrate the effect of N on the antioxidant
activity of tomatoes.
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Figure 4. Values of phenolic compounds (A) and antioxidant activity (B) in function of doses of N.

CONCLUSION

Nitrogen fertilization did not influence tomato
fruit firmness or the content of soluble solids.
Contrarily, the supply of N reduced titratable acidity,
increasing the SS/TA ratio, changing the flavor of
the fruit. The results show that carotenoid content is
improved by increasing the doses of applied N. In
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contrast, the ascorbic acid content, flavonoid
concentration, phenolic compound content, and
antioxidant activity are reduced, damaging the
nutraceutical quality of tomato fruits.
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