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PHYSICOCHEMICAL CHARACTERISTICS, ANTIOXIDANT CAPACITY AND
PHENOLIC COMPOUNDS OF TOMATOES FERTIGATED WITH DIFFERENT
NITROGEN RATES!

MARCOS FILGUEIRAS JORGE? KAMILA DE OLIVEIRA DO NASCIMENTO?, JOSE LUCENA BARBOSA
JUNIOR?, LEONARDO DUARTE BATISTA DA SILVA?, MARIA IVONE MARTINS JACINTHO BARBOSA**

ABSTRACT - The objective of this work was to evaluate the physicochemical and microbiological
characteristics, antioxidant capacity and phenolic compounds of organic cherry tomatoes grown under
fertigation with organic dairy cattle wastewater (DCW) with different nitrogen rates. Tomato plants, grown in
an agroecological farm in Seropédica, State of Rio de Janeiro, Brazil, were subjected to four different nitrogen
rates (T1=0, T2=50, T3=100 and T4=150% of N). The moisture, lipids, ashes, protein and total fiber contents,
soluble solids (°Brix), reducing and total sugars (%), pH and total titratable acidity (mg NaOH per 100 g) were
evaluated. The total phenolic content (TPC) and the antioxidant capacity was determined by the DPPH and
FRAP methods. The different nitrogen rates (%N) affected the pH, protein and soluble solids contents. The
increase in %N increased the antioxidant capacities, according to the DPPH assay, and TPC. On the other hand,
the tomatoes under fertigation with the highest %N presented lower antioxidant capacities according to the
FRAP assay. The fertigation did not affect the microbiological characteristics of the tomatoes, which presented
fecal coliforms count <3 NMP g™ and absence of Salmonella in 25 g.

Keywords: Fertirrigation. Physicochemical composition. Solanum lycopersicum L..

CARACTERISTICAS FiSICO-QUIMICAS, CAPACIDADE ANTIOXIDANTE E COMPOSTOS
FENOLICOS TOTAIS DE TOMATES FERTIRRIGADOS COM DIFERENTES DOSES DE
NITROGENIO

RESUMO - O objetivo deste trabalho foi avaliar a capacidade antioxidante e a qualidade fisicoquimica e
microbioldgica de tomates cereja organicos cultivados com diferentes teores de nitrogénio (%N) utilizando
aguas residuarias da bovinocultura. As amostras de tomate foram obtidas na Fazendinha Agroecologica (SIPA —
Seropédica, RJ) e submetidas a quatro diferentes tratamentos de acordo com os niveis de nitrogénio (T1=0,
T2=50, T3=100 e T4=150 %N). Foram determinadas a umidade, teores de cinzas, lipideos, proteinas e fibras
totais. Além do pH, so6lidos soluveis (°Brix), agucares totais e redutores (%); e acidez titulavel (mg de NaOH
por 100 g). O teor de compostos fendlicos e a capacidade antioxidante das amostras (DPPH ¢ FRAP) foram
avaliadas. Os diferentes %N afetaram o pH e o conteudo de proteinas e solidos soluveis totais dos tomates.
Elevados teores de nitrogénio forneceram amostras com maiores capacidades antioxidantes (método DPPH) e
compostos fenodlicos. Em contrapartida, obtiveram-se as menores capacidades antioxidantes segundo o método
FRAP nas amostras fertirrigadas com altos teores de nitrogénio. A fertirrigagdo ndo influenciou
significativamente a qualidade microbioldgica das amostras estudadas, que apresentaram contagem de
coliformes fecaist <3 NMP/g e auséncia de Salmonella em 25 g.

Palavras-chave: Fertirrigacdo. Composigao fisico-quimica. Solanum lycopersicum L..
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INTRODUCTION

Tomato  (Lycopersicon  esculentum (L.)
Miller) is a ubiquitous and highly important
vegetable crop around the world, whose fruits are
widely consumed and are a source of vitamin C,
carotenoids, folate, and potassium, and other
antioxidant compounds. It plays an important role in
human health as a rich source of lycopene, which is
used for cancer treatments. Tomato fruits are
cultivated in fields or greenhouses (FERRARI et al.,
2008; ALDRICH et al., 2010; ABDEL-MONAIM et
al., 2012; LIU et al., 2014; SINGH et al., 2014).

According to the FAO, Brazil was the world's
ninth largest tomato producer in 2010, with a
production of 4,114,310 Mg (FAOSTAT, 2012).
Cherry tomatoes are known by their sensorial
properties, excellent flavor and attractive and
uniform red color. The production of cherry
tomatoes in the State of Rio de Janeiro is mainly
conducted by small producers and in family farming
areas (ROCHA et al., 2009).

According to  European = Commission
Regulation, organic plant products are those
produced without the use of synthetic chemical
substances and highly soluble fertilizers. In Brazil,
the organic system of agricultural production is
defined by the use of specific techniques that
optimize the natural resources and improve
socio-economic systems, taking into account the
cultural integrity of rural communities, aiming the
economic and ecological sustainability
(CARBONARO et al., 2002; BRASIL, 2003; LIU et
al., 2014).

The interest in organic food has been
increasing since 1990, because of the awareness of
consumers regarding the importance of fruits and
vegetables in healthy diets. Organic foods have
become one of the fastest-growing food categories,
with sales increasing nearly 20% each year since
1990 (ALDRICH et al., 2010).

Tomato production under organic system has
been considered a lucrative opportunity for
producers. Therefore, many conventional farmers
have adopted the organic system (ALVES et al.,
2004). However, few options of genotypes were
developed for this system, even for the traditional
growing areas, which require selection of genotypes
that adapt to the organic system (SILVA et al., 2011;
LIU et al. 2014).

The intensive use of chemical fertilizers and
pesticides generated environmental problems and
increased production costs. However, these problems
generated an increased interest in sustainable
agricultural practices, which can reduce input costs
(CHAUHAN et al, 2015). According to Liao et al.
(2015), the use of degraded soils (nutrient-poor
surfaces, unstable aggregates, high density, low
porosity, and slow infiltration) is a major
environmental factor that limits plant growth and

productivity. This limitation is found mainly in arid
and semi-arid areas, due to the low precipitation and
intensive land use in these areas.

The effectiveness of several agricultural
fertilization practices for soil improvement has been
studied, aiming to overcome these problems. The
increase of soil organic matter content, by adding
organic compounds has proven to be a valuable
practice for maintaining or restoring the soil quality.
Moreover, practices used in the organic system are
related to higher productivity of plants, especially to
those that are rich in active substances used as
antioxidants (BORGUINI et al., 2013; CHAUHAN
et al., 2015; LIAO et al., 2015; AGRAWAL; SINGH,
2013).

Manure applications have beneficial impacts
on soil fertility and physicochemical characteristics
of food products in the organic system (CHRISTOU
et al., 2014). Nkoa (2014) evaluated the application
of solid waste compost (SWC) for reducing the
effects of saline water, during the growing of a
halophyte grass, and found that the use of SWC
improved the nutrient availability, plant growth, rate
respiration, photosynthesis, and chlorophyll content.
Other authors reported higher antioxidant capacities
and polyphenol and flavonoid contents in fruits
produced in the organic compared with conventional
system (BORGUINI et al, 2013; FIGAS et al.,
2015).

Moreover, consumers pay more for high
nutritional value products, that are grown locally,
using organic production practices. Therefore, the
physical and chemical analysis of these products is
important as the organic production certifications for
these producers (ALDRICH et al., 2010). Despite the
great number of papers about organic agriculture,
little information on the effect of nitrogen rates on
physiochemical, nutritional and microbiological
properties of organic tomatoes is found in the
literature. Thus, the objective of this work was to
evaluate the physicochemical and microbiological
characteristics, antioxidant capacity and phenolic
compounds of organic cherry tomatoes grown under
fertigation with organic dairy cattle wastewater
(DCW) with different nitrogen rates.

MATERIAL AND METHODS
Samples

Organic tomatoes (Lycopersicon esculentum
(L.) Miller) from the Rio de Janeiro State
Agricultural Research Corporation (PESAGRO-Rio),
Seropédica (22°48'00"S, 43°41'00"W and altitude of
33 meters) were cultivated with dairy -cattle
wastewater (DCW) from the Agroecological Farm of
the Integrated System of Agroecological Production
(SIPA) in Seropédica, State of Rio de Janeiro, Brazil.
The SIPA is the result of a partnership between the
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Brazilian = Agricultural  Research  Corporation
(EMBRAPA), Rio de Janeiro Federal Rural
University (UFRRJ) and the PESAGRO-Rio.

Tomato cultivation

The cultivation was conducted in 12-L pots
with a homogeneous soil mixed with a commercial
substrate, as a soil conditioner, and an organic
compound derived from a sugar cane residue
compost processed with millipedes. The soil acidity
and fertility was corrected with dolomitic limestone
(TNP 95.0%), thermophosphate (16.5% P,0s) and
potassium sulphate (50.0% K,0).

The drainage system of de pots consisted of a
3-cm crushed stone, a geotextile layer (Bidim®) and
soil. After transplanting the tomato seedlings, the
pots were saturated to the field capacity.

The experiment was conducted in a
completely randomized design with eight replicates.
Four plants were used in each treatment, totaling 32
plants per treatment. The organic dairy -cattle
wastewater (DCW) (85% of well water and 15% of
fresh manure) was prepared every week, aiming to
reach characteristics similar to those presented by
Erthal et al. (2010). Four different treatments,
according to N rates (Table 1), were applied to the
plants. The N rates were determined after the fresh
manure dilution in water, which were adjusted to 0%
(T1), 50% (T2), 100% (T3), and 150% (T4) of the
recommended N. The control treatment (T1) was
conducted using only fresh water.

Chemical composition

The tomato moisture, ash, fat, crude fiber,
reducing sugar (%), pH and total titratable acidity
(mg of NaOH/100g) were determined according to
methodologies described by the Association of
Official Analytical Chemists (2010).

Antioxidant Capacity

Tomato extracts were obtained according to a
methodology adapted from Swain and Hillis (1959)
and Torres (2002) to determine the antioxidant
capacity.

The phenolic content was determined
according to the methodology described by
Quettier-Deleu et al. (2000) and Singleton and Rossi
Jr (1965).

The antioxidant capacity was determined
through the methods DPPH (2.2-definil-1-
picrilidrazil) and Ferric Reducing Antioxidant Power
(FRAP) (Rufino et al., 2010). The absorbance was
measured using an UV Spectrophotometer (NOVA
2000UV, Nova instruments, S8o Paulo, Brazil) at
517 nm. The antioxidant capacity was expressed as
uM of Trolox Equivalent per 100 g of sample. All
assays were performed with three replications.

Microbiological characteristics

The microbiological characteristics was
accessed according to the Technical Regulation on
microbiological standards for foods (BRASIL,
2001). Analyses of coliforms at 45°C and salmonella
were performed according to the methodologies
recommended by the American Public Health
Association (VANDERZANT; SPLITTSTOESSER,
1992).

Statistical analysis

All analyses were performed with three
replications and all data were presented as mean
values with standard deviations. The results were
subjected to analysis of variance and the means were
compared by the Tukey test at 5% of significance.

RESULTS AND DISCUSSION

Chemical composition of tomatoes

The composition and physicochemical
characteristics of the organic cherry tomatoes,
depending on the different rates of nitrogen used are
shown in Table 1. According to Warner, Zhang and
Hao (2004), nitrogen fertilization acts on
physiological processes, affecting important quality
properties, such as pH, total soluble solids, titratable
acidity, vitamin C and nitrate contents in tomatoes.
Moreover, these physicochemical characteristics are
related to sensory attributes important for processed
products (e.g. tomato sauce or dehydrated tomatoes),
since the product flavor is evaluated mainly by their
reducing sugars, total soluble solid and organic acid
contents (PICHA, 1987; LIU et al., 2014).

The mean values of moisture (91.58%), ash
(0.63%), fat (0.875%) and fiber (1.50%) of the
cherry tomatoes (Table 1) were similar to those
found by Suarez, Rodriguez and Romero (2008) in
five cultivars grown under organic system.

The protein content in the cherry tomatoes
was affected by the %N (p<0.05), ranging from 0.89
to 1.13%. The treatments T1 and T2 presented the
highest protein content (p<0.05) (Table 1). Protein
content is an important parameter, indirectly
denoting the presence of important amino acids
responsible for the tomato taste and flavor.
Glutamate and glutamine are the most abundant free
amino acids in ripe cherry tomatoes (CHOI et al.,
2014). The glutamate content significant affects the
tomato flavor, since the glutamate is responsible for
the tomato umami taste (SORREQUIETA et al.,
2010; CHOI et al., 2014). According to Rosales et al.
(2011), the preference of consumers of tomato fruits
is strongly depended on the sweet—acid taste. Thus,
the flavor of fresh tomatoes in the market has been
taken into account.
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Table 1. Composition and physicochemical properties of organic cherry tomatoes.

Analysis (%) Treatment 1

Treatment 2

Treatment 3 Treatment 4

0% N 50% N 100% N 150% N
Moisture 91.48+0.41A 91.28+1.04A 92.15+0.10A 91.40+0.21A
Ash 0.59+0.10A 0.66+0.10A 0.60+0.07A 0.65+0.14A
Fat 0.81+0.02A 0.95+0.15A 0.87+0.03A 0.85+0.09A
Protein 1.13+0.17AB 1.10£0.11AB 0.99+0.21B 0.89+0.12B
Fiber 191+ 0.77A 1.68+0.02A 1.21£0.49A 1.23+0.53A
Acidity (mg of NaOH/100g) 0.62+0.01A 0.55+0.05A 0.61+0.02A 0.54+0.04A
Reducing sugars 4.08+0.41A 4.33+0.04A 4.18+0.08A 4.57+0.03A
pH 4.41+0.04B 4.45+0.01B 4.38+0.01D 4.5240.01A
Solids Soluble (Brix®) 7.20+£0.50A 7.25+£0.10A 7.00+0.10B 7.00+0.20B

Values expressed as mean + standard deviation (n=3); means followed by the same letters in the lines does not statistically

differ (p>0.05).

The acidity and reducing sugar content were
not affected (p>0.05) by the %N of the DCW
(Table 1). The average acidity value was 0.59 mg of
NaOH per 100 g of cherry tomatoes. Acidity is an
important sensory attribute in cherry tomatoes,
followed by simple organic acids, such as the citric
and malic (KAPOULAS et al., 2011). In addition,
carbohydrates, organic acids and their interactions
are important for sweetness, sourness and flavor
intensity in tomatoes, thus, they are major
determinants of the tomato quality (HELYES et al.,
2006; KAPOULAS et al., 2011).

The reducing sugar content of the cherry
tomatoes ranged from 4.08 to 4.57%. Tomato fruits
accumulate sugars as sucrose or hexoses (glucose
and fructose), depending on the environmental
conditions and growth stage, which are important for
the tomato taste (ROSALES et al., 2011; TURHAN;
SENIZ, 2009).

The pH value and solids soluble (°Brix) were
affected by the %N (Table 1). The treatment T4 had a
slightly higher pH (4.52) than the control (4.41), T2
(4.45) and T3 (4.38) (p<0.05). Despite the statistical
significance, this difference is not biologically
relevant. Fruits with pH values up to 4.5 were
classified as acidic and generally considered to have
appreciable smell and taste. Pinho et al. (2011) found
pH values of 4.1 and 4.3 for organic cherry tomatoes
in different harvesting times, and Guilherme et al.
(2014) found pH ranging from 4.41 to 4.61 in three
genotypes of organic cherry tomatoes.

The cherry tomatoes presented soluble solid
(SS) contents (Table 1) higher than those found by
Aldrich et al. (2010) (3.52 to 4.82 °Brix) in ten
cultivars of organic tomatoes, and Kapoulas et al.
(2011), who found an average value of 4.73 °Brix in
the organic tomatoes varieties Robin-F1, Amati-F1

240

and Elpida-F1.
The control and T2 (50% N) treatments
showed higher (p<0.05) solids soluble contents than
the T3 and T4 (Table 1). These results were similar
to those found by May and Gonzales (1994), who
observed an increase in solids soluble percentages
from 5.25 to 5.4% with a decrease in N-fertilization
rate from 392 to 168 kg N ha™".
total

Antioxidant and

compounds

capacity phenolic

The different N rates applied to the organic
cherry tomatoes significantly affected (p<0.05) their
antioxidant capacity and total phenolic compounds
(Table 2). The treatment T4 (150%N) showed the
highest values (p<0.05) of antioxidant capacity by
the DPPH method and total phenolic compounds,
followed by the T3 (100%N), T2 (50%N) and TI
(control 0%N) (Table 2). This result suggests that a
higher %N provides an increase in the antioxidant
capacity and phenolic compounds. Bérnard et al.
(2009) found a reduced phenolic content for
tomatoes cultivated with a decreased nitrogen
concentration.

However, the control treatment (T1) showed
the highest antioxidant capacity by the FRAP
method, followed by the T2, T3 and T4 (Table 2).

Toor, Savage and Heeb (2006) reported that
fertilizer sources can have significant effects on
macronutrient concentration, taste and antioxidant
components of tomatoes. Moreover, tomato fruits are
rich in polyphenols, which are responsible for the
antioxidant capacity of the soluble phase. Thermal
stress induces the accumulation of phenolic
compounds, such as flavonoids and
phenylpropanoids (HELYES et al., 2006).
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Table 2. Antioxidant capacity and total phenolic compounds of organic cherry tomatoes.

Treatment 1

Treatment 2

Treatment 3 Treatment 4

Analysis (76) 0%N 50%N 100%N 150%N
Antioxidant capacity (DPPH) 5.2940.01C 7.37+0.10B 7.43+0.05B 7.65+0.02A
Antioxidant capacity (FRAP) 966.66+0.04A 860.34+0.03B 845.97+0.12C 842.41+0.07C
Total Phenolic Compounds 846.25+0.04C 846.11+0.02C 941.14+0.03B 1022.86+0.01A

Analyzes performed with three replications (dry basis). Values are expressed as mean + standard deviation. Means
followed by the same letters in the rows do not differ significantly (p>0.05) by the Tukey's test. DPPH (2.2-definil-1-
picrilidrazil) values are expressed as pM equivalent to Trolox g™ of the sample; and FRAP (Ferric Reducing Antioxidant
Power) values are expressed as mg mL™ of the solution, equivalent to 1000 pM of Ferrous Sulfate; Total phenolic

compounds are expressed in mg 100 g gallic acid.

The treatments T1 and T2 showed the highest
values of total phenolic compounds (Table 2). The
leaf polyphenol content of young greenhouse tomato
plants increases considerably with low N availability
(STOUT; BROVONT; DUFFEY, 1998; DUMAS et
al., 2003). However, Dumas et al. (2003) reported
that no information about the effects of fertilizers on
the production of phenolic substances in tomato is
found in the literature. According to Borguini et al.
(2013), phenolic compounds are formed by the
secondary metabolism of plants. Many secondary
metabolites act as fungicides and antibiotics to
protect plants from fungi and bacteria. Thus, organic
foods have high contents of phenolic compounds
because of the possible incidence of pests and
pathogens in this cultivation method, in which
pesticides are not used. These incidences may cause
some stress to plants and, therefore, increase the
phenolic compounds production as natural defenses.

Microbiological quality

The different concentrations of N did not
affect the microbiological quality of the tomatoes,
suggesting that there was no growth of
microorganisms that causes risks to the health of
consumers of organic products in these tomatoes.
Tomatoes from all treatments showed fecal coliforms
count <3 MPN g™ and absence of salmonella in 25 g,
therefore, they were in accordance with the Brazilian
Legislation (RDC 12) (BRASIL, 2001). According to
Arbos (2010), the risk of food contamination is not
related to the use of dairy cattle wastewater, but to
contaminated soil or irrigation, presence of animals
and inadequate use of composting.

CONCLUSION

The different percentages of nitrogen of the
dairy cattle wastewater affected the physicochemical
characteristics, however, it did not affect the
microbiological characteristics of the tomatoes,
which presented fecal coliforms count <3 MPN g
and absence of Salmonella in 25 g in all samples.

The cherry tomatoes presented significant

antioxidant capacity, with the treatments T3 (100%
N) and T4 (150%N) presenting the highest values of
antioxidant capacity (DPPH) and total phenolic
compounds. On the other hand, T1 (untreated
samples) presented the highest antioxidant capacity
by the FRAP method.
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