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Abstract

Strawberry is considered a fruit of great commercial interest in many countries due to its color, aroma, flavor, and nutritional
properties. However, it is possible that the differences among the cultivation systems could affect the production of
photoassimilates in the plant and, consequently, their partitioning into the fruits composition, influencing its quality. Therefore, the
aim of this work was to evaluate the influence of the cultivation systems (hydroponics in gutters and slabs, and conventional) and
genotype on the physicochemical properties, antioxidant and sensory activity in strawberry fruits. The experiment was carried out
using a completely randomized design in a factorial 4 x 3 scheme with four replications, represented by trays of approximately 200
g of fruit. In the Laboratory, the strawberries (cv. Oso Grande, Festival, Camarosa, and Albion) were analyzed for their
physicochemical properties and sensory variables: titratable acidity (TA), soluble solids (SS), SS/TA ratio, soluble sugars, vitamin C,
polyphenol, and antioxidant activity. It was observed that cultivation systems and genotype studied influence the antioxidant
activity, physicochemical and sensory properties of strawberries. The conventional system shows higher values for physicochemical
variables and antioxidant activity, with cultivar variation within each system. The antioxidant activity attributed to strawberry is
strongly related to the content of extractable polyphenols and vitamin C. Regarding the sensory properties, cultivars show good
overall acceptability in all production systems studied, no presenting difference among systems.
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Introduction

Strawberry is considered a fruit of great commercial harvesting, ripening or improvement in sensory
interest in many countries due toits color, aroma, flavor characteristics does not occur (Chitarra and Chitarra, 2005).
and nutritional properties, which make the fruita product The strawberry crop has good potential to expand to the
of high commercial valueand much appreciated by mild climate regions in the state of Ceara, Brazil, especially in
consumers (Costa et al., 2011; Giménez et al., 2008). the mountainous region. The first crops in this region were
Fruits nutritional composition make them a food of great planted in 2009 by growers who came from traditional
interest and important for the human diet. It is genetically strawberry crop regions. These growers proved that the crop
established, thus, without human intervention, since the is well suited for the region’s climate, with respect to
quality does not go beyond what determines the capacity of precocity and low incidence of pests and diseases.
the genes. However, the plants must be subject to several Therefore, there is a reduction in production costs compared
factors, such as nutritional requirements (Aular and Natale, to strawberry traditional growing areas.

2013) and appropriate soil and climatic conditions, to occur In this scenario, the incorporation of new technologies for
the expression of all their genetic potential. increasing yield and strawberry quality, are being
The strawberry has excellent sensory characteristics, but it is researched, such as the type of cropping system. The
highly perishable, with limited postharvest life due to high conventional system is characterized by high use of
moisture content, sugars and acids, therefore making it an defensive chemicals that promote a substantial reduction in
ideal substrate for proliferation of pathogenic organisms fruit quality in function of agrochemical residue; however,
that cause considerable postharvest damage (Siqueira et al., other systems have been tested, such as the hydroponic
2009). One of its main physiological characteristics is the fact system. On the system, the plants are grown on a substrate
that it is a non-climacteric fruit (Pineli et al., 2011), and after and fertigated with a nutrient solution and may be an

alternative to provide balanced nutrition to the plant, with
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high productivity and better quality fruit. The proposed
system is implemented under protected cultivation, which
features plants with lower incidence of pests and diseases,
reducing the use of chemicals; it improves the acceptance
and safety of the product for the consumer.

The cultivation in a protected environment facilitates the
growth and development of the plants in times of the region
when the climatic conditions are limiting (Heldwein et al.,
2010). In recent years, it has expanded as a means of
protecting seasonality in the supply of products throughout
the year. This becomes a possible practice because this type
of environment causes significant changes in temperature,
relative humidity, luminosity, wind speed, among others.
Therefore, the aim of this work was to evaluate the
influence of the cultivation systems (hydroponics in gutters
and slabs, and conventional) and genotype on the
physicochemical properties, antioxidant and sensory activity
in strawberry fruits.

Results and discussion
Quantification of physicochemical variables

Plants in the hydroponic systems looked healthier and
vigorous, probably due to the fact that nutritional and
climatic conditions provided by this environment allowed
greater expression of the physiological activities, and
therefore, higher accumulation of carbohydrates which
result in the increase of biomass (Taiz et al., 2017), resulting
in larger strawberries. Plants in the conventional production
system were less vigorous, probably due to stress
conditions, which resulted in smaller berries and a higher
content of defense compounds.

Soluble sugar and total extractable polyphenol variables
showed differences for systems and cultivars (Table 1). The
soluble sugars of strawberries grown in gutters and
conventional systems showed the highest mean values,
differing from the slab system. The cv. Albion showed higher
sugar content, which differed only in the cv. Oso Grande,
which in turn did not differ from the others. Similar results
relative to the cultivars of this work were obtained by
Figueiredo et al. (2010).

The soluble sugar content in strawberries of the
conventional production system can be explained by the fact
that the crop was grown in full sunlight, therefore resulting
in the increased production of photosynthates, and partition
of the same for the composition of the fruit. In turn, the
content observed in the gutter system, may be due to the
use of fertigation, not used in the conventional system, and
less competition between plants, when compared with the
slab system. The slab system had higher plant density (13.3
plants per m? compared to 10.0 plants m? in the gutter
system) which may have leads to shading resulting in
competition for light, nutrients, and water.

For content of total extractable polyphenols (TEP),
strawberries of the conventional system presented the
highest means. Comparing cultivars, cv. Festival (120.45 mg
100 g’l) stood out with highest polyphenol content (Table 1).
Greater values of TEP in the conventional system was
probably due to the plants growing in full sunlight,
environment more vulnerable to certain conditions of stress,
leading them to produce substances known as secondary
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metabolites to be used as a defense against pathogens,
herbivores and radiation. This is corroborated by Melo et al.
(2008), by stating that the production of polyphenols
depends on the intrinsic (cultivar, variety and maturity
stage) and extrinsic (climate and soil conditions) factors and
the methods of plant protection. Values of the polyphenols
higher than those of the present study were observed by
Kuskoski et al. (2006) in frozen solid strawberry pulp (mean
value of 132.1 mg 100 g’l).

In respect to soluble solids (SS), titratable acidity (TA) and
SS/TA ratio, there was an interaction between production
systems and cultivars (Table 2). The Oso Grande and Albion
cultivars stood out with the highest mean values of soluble
solids in the conventional system. In the hydroponic gutter
system, the best performance was observed in the cv.
Camarosa. In the slab system, all the cultivars had a good
performance, with the exception of the cv. Festival.

This higher values of SS in the conventional system is directly
related to the higher amount of sugars, polyphenols, and
vitamin C, among other compounds. This result can be
explained by the probable stress caused by the climatic
conditions, leading to higher plant conversion of
carbohydrates into soluble sugar, which represent about 65-
85% of SS (Chitarra and Chitarra, 2005; Lado et al., 2014),
and other compounds such as organic acids and nitrogenous
compounds, instead of being used to increase the size of
strawberries. Therefore, one can see that the soluble solids
vary among cultivars, production systems and environmental
conditions.

Lower SS level results than those found in the present study
were observed in the Camarosa and Oso Grande cultivars in
studies in Parana (Resende et al., 2010), and higher SS levels
in the cv. Oso Grande were found by Camargo et al. (2011).
For cv. Festival, Atress et al. (2010) found higher SS values in
studies performed in Egypt.

In relation to titratable acidity, strawberries of the
conventional and the hydroponic slab systems presented the
lowest and highest averages, respectively (Table 2).
Comparing different cultivars in each production system, we
observed that in the hydroponic gutter system, the largest
value of TA was in the cv. Camarosa, not differing from the
Festival and Albion cultivars. In the hydroponic slab system,
the highest values were found in Festival and Camarosa
cultivars. In the conventional system, the cv. Oso Grande is
best for producing strawberries with lower acidity.

The TA values were high when compared to those found for
strawberries produced in other regions, which can be
explained by climatic conditions such as higher
temperatures, observed in the Ibiapaba region, compared to
traditional growing regions, resulting in a more acidic
strawberry. When high daytime and/or nighttime
temperature occurs, the strawberry can become overly
acidic, often poor in taste and aroma and with less
consistency, which was not observed in the present study.
Considering the SS/TA ratio, which is a key variable of the
commercial fruit quality, the highest average was found in
strawberries of the conventional system, especially cv. Oso
Grande (Table 2). In the gutter system, all cultivars showed
the same behavior, represented by the highest averages,
with the exception of the cv. Albion. In the slab system, the
highest means were observed in Albion and Oso Grande
cultivars. Superior results of SS/TA were obtained in studies



Table 1. Mean values of soluble sugars (SA) and total extractable polyphenols (TEP) of the fruit of four strawberry cultivars grown in three different production systems.

Systems SA (%) TEP (mg 100 g7)
Gutters 5.00a 99.75 b
Slabs 421b 94.00 b
Conventional 5.18 a 116.83 a
Cultivars

Oso grande 4.55b 104.78 b
Festival 4.78 ab 120.45a
Camarosa 4.79 ab 95.55¢
Albion 5.07 a 93.33¢c
Mean value 4.8 103.53
CV (%) 6.54 6.58

Means followed by the same letter in columns do not differ by the Tukey test at 0.05 significance.

Table 2. Soluble solids (SS), titratable acidity (TA) and SS/TA of the fruit of four strawberry cultivars grown in three different production systems.

SS (2 Brix) TA (% citric acid) SS/TA
Cultivars Gutters Slabs Conventional Gutters Slabs Conventional Gutters Slabs Conventional
Oso grande 7.20 bBC 6.73 cAB 8.13 aAB 1.28 aB 1.41 aBC 1.10bB 5.61 bA 4.78 cAB 7.43 aA
Festival 7.43 aB 6.63 bB 7.70 aBC 1.37 bAB 1.54 aAB 1.39bA 5.41 aAB 4.52 bB 5.55aC
Camarosa 8.20aA 6.93 cAB 7.43 bC 1.52 aA 1.61aA 1.26 bA 5.38 bAB 433 cB 5.95 aBC
Albion 6.93 bC 7.13 bA 8.55 aA 1.39 aAB 1.36 aC 1.32aA 4.99 bB 5.23 bA 6.50 aB
Mean value 7.41 1.38 5.47
CV (%) 2.95 4.78 4.90

Means followed by the same lowercase letters in rows and uppercase letters in columns do not differ by the Tukey test at 0.05 significance.

Table 3. Vitamin C and total antioxidant activity (TAA) in the fruit of four strawberry cultivars grown in three different production systems.

Cultivars

Vitamin C (mg 100 g )

TAA (UM Trolox g")

Gutters Slabs Conventional Gutters Slabs Conventional
Oso grande 57.67 bA 59.99 bA 74.03 aA 9.76 aA 8.69 aAB 9.49 aB
Festival 54.33 bA 56.60 bA 66.73 aB 6.64 cB 9.42 bA 11.94 aA
Camarosa 54.15 aA 48.13 aB 49.30 aC 8.90 aAB 6.61 bB 10.11 aAB
Albion 59.38 bA 56.36 bA 76.73 aA 6.79 bB 6.60 bB 10.95 aAB
Mean value 59.45 8.83
CV (%) 5.07 12.30

Means followed by the same lowercase letters in rows and uppercase letters in columns do not differ by the Tukey test at 0.05 significance.
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Table 4. The Pearson correlation coefficients between bioactive compounds and total antioxidant activity of the fruit of four

strawberry cultivars grown in three different production systems.

Total antioxidant activity

Variables Oso Grande Festival Camarosa Albion
Vitamin C -0.0467™ 0.8079* 0.4005" 0.8579*
Total extractable polyphenols 0.0658" 0.7743* 0.7338* 0.8803*

*Significant correlation at 0.05 significance. ™ not significant.

Table 5. Average hedonic values of acceptance of strawberry samples grown in hydroponic and conventional system.

Hydroponic system

Cultivars Overall Acceptance Acceptance of Appearance
Oso Grande 7.29a 7.35a
Camarosa 6.69 ab 5.85b

Festival 7.35a 7.35a

Albion 6.64 b 7.58 a
Conventional system

Cultivars Overall Acceptance Acceptance of Appearance
Oso Grande 6.942a 6.08 b

Festival 7.21a 7.06 a

Means followed by the same letter in columns do not differ by the Tukey test at 0.05 significance.

Table 6. Mean intensity of sensory attributes (Diagnostic of Attributes test) of strawberry samples grown in hydroponic and

conventional system.

Hydroponic system

Cultivars Red coloring Strawberry’s flavor Acid taste Juiciness
Oso Grande 5.04c 5.27 a 3.32¢ 5.64 ab
Camarosa 4.22d 490a 5.84a 472 b
Festival 7.75a 5.60a 4.88b 5.77 a
Albion 6.40 b 5.34a 6.01a 5.03ab
Conventional system

Cultivars Red coloring Strawberry’s flavor Acid taste Juiciness
Oso Grande 6.15b 5.25a 347b 6.21a
Festival 7.29a 5.69 a 5.00 a 531b

Means with same letter in the same column do not differ significantly by the F test at 0.05.

by Borsatti et al. (2009) in ten strawberry cultivars grown
under organic system for Oso Grande, Festival and Camarosa
cultivars (6.29, 7.27, and 6.86, respectively).

For vitamin C and total antioxidant activity, difference for
the interaction between the factors studied (Table 3) was
observed. In relation to vitamin C, the highest content was
observed in the conventional system, especially the Oso
Grande and Albion cultivars with superior results compared
to other cultivars. As for the gutter and slab systems, the
cultivars showed the same behavior, with the exception of
the cv. Camarosa in the slab system, which presented the
lower values. From the results obtained in this study, one
can see that the strawberry has a reasonable amount of
vitamin C, which varies between varieties and production
systems.

The difference in vitamin C content among production
systems might be associated with the influence of cropping
and climatic conditions. In the hydroponic system, the plants
showed more vigorous and hardwood than the conventional
one, causing a greater proximity among them, making it
difficult the penetration of light. Thus, plants subjected to a
longer period with less light may have led to a reduction in
the synthesis of ascorbic acid. Therefore, luminosity is
required in the biosynthesis of ascorbic acid, which is
synthesized from the sugars produced in photosynthesis
(Chitarra and Chitarra, 2005). Thus, the lower ascorbic acid
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content of fruits produced in the hydroponic system is
probably a consequence of the lower luminosity in this
environment, due to being installed in a protected
environment.

In addition, ascorbic acid in its pure form, it is quite unstable,
easily destroyed by oxidation, particularly high temperature,
light, moisture, alkalinity, metal catalysts and physical
damages (Beltran-Orozco et al., 2009). Based on this, it is
probable that one or more of these factors induced the
oxidation of same in the hydroponic systems. This could also
be a result of the fact that ascorbic acid is a primary plant
metabolite and acts as an antioxidant that may have led the
strawberries of the conventional system to produce a
greater amount of vitamin C, aiming at the plant’s defense
system.

Total antioxidant activity

The total antioxidant activity (Table 3) showed the best
results in the conventional system, for which the cultivars
showed similar behavior, with the exception of the cv. Oso
Grande, which had the lowest value. In the gutter system,
the Oso Grande and Camarosa cultivars showed higher
values. In the slab system the greatest amounts of TAA were
observed in the Oso Grande and Festival cultivars. The
increase in TAA occurs most often in stressful situations,



such as in the conventional system without the protected
environment. In this case, probable stress conditions were
above the tunnel, which led the plants to produce more
compounds to be used as a defense, if necessary. This may
have been an indication of why many of the characteristics
evaluated were higher in the strawberries produced in the
conventional system.

In studies with strawberries, Pineli et al. (2011) using the
FRAP and DPPH method, obtained 12.83 pumol g’1 and 27.37
pmol g’l, respectively in the cv. Oso Grande at ripe stage.

Pearson’s correlation coefficients

In the Pearson’s correlation analysis, there was a significant
positive correlation for vitamin C and total extractable
polyphenols (p<0.05) (Table 4). For vitamin C, a significant
correlation for the Festival and Albion cultivars was
observed. For the TEP variable, only the cv. Oso Grande
showed no significant correlation. This shows that these
variables are some of the TAA contributors, and the higher
content of vitamin C and TEP, the greater the TAA, in some
of these cultivars.

Sensory analysis

Table 5 shows the mean acceptance of cultivars in
hydroponic systems. In Figures 1A and 1B one can see the
distribution of the hedonic value frequencies for each
sample compared to the overall acceptance and acceptance
of appearance, respectively, for hydroponic systems. All
samples showed good overall acceptability, with averages
around 7, corresponding to the "like" on the hedonic scale.
Oso Grande and Festival cultivars differed from the Albion
cultivar, which received a lower overall acceptance.
However, by analyzing the histograms (Figure 1A), some
differences in the distribution of the frequencies of hedonic
values were observed.

Oso Grande and Festival cultivars scored in category 8 (like
very much), but the cv. Festival received a greater frequency
of responses in the highest category of the scale (like
extremely), indicating that this cultivar was more accepted.
The Camarosa and Albion cultivars, despite having very
similar averages, show distinct distribution frequencies, and
the cv. Albion scored 33% of the responses in category 7
(liked), compared to 29% of the responses in category 6 (like
slightly) for the cv. Camarosa, indicating that the latter was a
less accepted cultivar.

For the acceptance of appearance, the cv. Camarosa was
less accepted, which may have influenced the overall
acceptance (Table 5). For the other cultivars, although no
difference among the means was detected, it was observed
by means of the histograms in Figure 1B, that the cv. Albion
showed higher acceptability than the others, with 73% of the
responses in the maximum categories of the hedonic scale (8
and 9). The cv. Festival presented 60% of the responses in
categories 8 and 9, while the answers to the cv. Oso Grande
were well distributed around the 7 (liked).

In the analysis of the acceptance of strawberries of the
conventional system (Table 5), both evaluated cultivars
showed good overall acceptability, with averages around 7,
corresponding to the "like" on the hedonic scale, not
differing. However, through the means of histograms of
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Figure 1C, a slight superiority of the cv. Festival, was
observed, which showed that almost 80% of the responses
of the panelists were in the last three categories of the scale
(7-9), compared to only 67% for the cv. Oso Grande.
Regarding the acceptance of appearance, the cultivars
showed differences among them, with the cv. Festival being
more accepted (7, liked) than the cv. Oso Grande (6, enjoyed
little). However, observing Figure 1D, it can be seen that the
appearance of these cultivars was accepted better than the
mean indicates, the cv. Oso Grande scored in class 7, and the
cv. Festival received more than 70% of the frequency in
classes of greater acceptance (7-9).

Regarding the sensory attributes of the cultivars in the
hydroponic system (Table 6), according to the panelists
evaluation, considerable differences were observed among
cultivars for the intensity of the red color and acid taste. The
cv. Festival showed the most intense red color and the
Camarosa and Albion cultivars presented a higher intensity
of acid taste. As for the juiciness, only the cv. Camarosa
differed from the cv. Festival, presenting less juiciness. In
relation to the flavor, there was no difference among
cultivars. In Figure 1E, one can better visualize the sensory
profile of each cultivar. The cv. Oso Grande presented a mid-
red color, low acidity and good juiciness. The cv. Camarosa
showed less intense red color, a very strong acid taste and
was less juicy. The cv. Festival, in addition to its deep red
color, showed mild acidic taste and good juiciness. The cv.
Albion presented a sensory profile similar to the cv.
Camarosa, except for the color, which was stronger.

In Table 6 and in Figure 1F, the diagnostic attribute means of
the conventional system cultivars are presented. Differences
between the two cultivars were observed in regards to the
red color intensity, acid taste and juiciness, however the cv.
Festival had the most intense color, but it was also more
acidic and less juicy than the cv. Oso Grande. Cultivars did
not differ as far as the flavor.

Materials and methods
Experimental conditions

The strawberries were produced on a farm located in the
municipality of Ibiapina, Ceard, Brazil, in the Ibiapaba
mountainous region (latitude 3°58'21"S, longitude
40°52'2"W and altitude 920 m). The mean temperature and
relative humidity during the production period were 21.6° C
and 61.8%, respectively, in the conventional system and
23.4° C and 71.2%, respectively, under the plastic tunnel in
the hydroponic systems.

Conduction of study and experimental design

The experiment was carried out using a completely
randomized design in a factorial 4 x 3 scheme with four
replications, represented by trays of approximately 200 g of
fruit. The treatments consisted of four strawberry cultivars
(Oso Grande, Festival, Camarosa and Albion), produced in
three production systems (hydroponic in slabs and in
gutters, and conventional).

The hydroponic systems were set on two wooden benches
(0.8 m high, 1.0 m wide and 24.0 m long), spaced 0.8 m
apart. The benches were installed under a high tunnel



structure with tubular galvanized steel, covered with white
polyethylene film of 150 microns, 3 m wide and 2 m high.
Coconut fiber (Golden Mix Type 80) was used as a substrate.
The nutrient solution used with electrical conductivity
ranging from 1.3 to 1.5 dS m™ and the pH ranging from 5.4
to 6.5 (Furlani and Fernandes, 2004).

The plots of the conventional system were installed outside
the tunnel, next to the benches in a bed 0.2 m high and 1 m
wide, covered with plastic black-white mulch, using the
same technology as the grower. Before planting, the bed
was fertilized with 180 g m? of single super phosphate.

Variables measured

The fruits were harvested 71 days after planting; ripen with
a fully red skin. The strawberries were analyzed for their
physicochemical properties and sensory variables. Titratable
acidity (TA, % citric acid) obtained by titration of the pulp
with NaOH 0.1 M, according to the methodology of the
AOAC (2005). Soluble solids (SS, °Brix) the pulp was filtered
on a filter paper and was measured on a digital
refractometer, using the AOAC (2005) method. The SS/TA
ratio was determined by dividing the values of soluble solids
and titratable acidity. Soluble sugars (AS, %) were analyzed
according to Yemn and Willis (1954), in a spectrophotometer
at 620 nm. Vitamin C (mg ascorbic acid 100 g"1 pulp) was
quantified by titration with DFI (2.6-dichloro-phenol-
indophenol) 0.02% according to Strohecker and Henning
(1967). The extract for obtaining content of total extractable
polyphenols (TEP, mg EGA 100 g'1 pulp) was obtained
according to the Larrauri et al. (1997) methodology adapted
and its determination by the Folin-Ciocalteau method
(Obanda et al., 1997). For total antioxidant activity (TAA, uM
Trolox g’l pulp), the extract used was the same as the TEP,
being determined by the ABTS method used by Re et al.
(1999) adapted.

In sensory analysis, strawberry samples of each system were
analyzed separately. For the hydroponic system, fruit from
four strawberry cultivars were analyzed. For the
conventional system, due to the insufficient number of
strawberries from the Albion and Camarosa cultivars only
samples of the Oso Grande and Festival cultivars were
analyzed. The sources of variation were the cultivars and the
testers (48 individuals in each experiment). The sensory
testing protocols were previously approved by the Ceara
State University’s Ethics in Research Committee, protocol
11044529-5.

Two acceptance tests were performed simultaneously: one
on fruit appearance, and the other on its palatability (global
acceptance and diagnostic attributes). Acceptance of
appearance was assessed using a mixed hedonic nine-point
scale, ranging from 9 = extreme like to 1 = extreme dislike. In
the evaluation form, an assessment of the color attribute
(Meilgaard et al., 1999) was also included, using an
unstructured scale of 9 cm for the evaluation of the intensity
of red, ranging from 0 = poor to 9 = strong.

At the taste testing, two strawberries of each cultivar, cut
into halves. Samples were presented in a monadic and
balanced way (Macfie et al., 1989) to minimize position
effects. A test of overall acceptability using a structured
hedonic scale of nine categories, ranging from "like
extremely" to "dislike extremely" was applied, and a
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diagnosis of attributes to evaluate the intensity of the
strawberry’s flavor, acid taste and juiciness, through an
unstructured scale of 9 cm, similar to that used for the red
coloring was used.

Statistical analysis

Data was submitted to variance analysis (ANOVA) and, for
the comparison of the means, we used the Tukey test at
0.05 significance level. The Pearson’s correlation analysis, at
the 0.05 level of significance was also performed among the
bioactive compounds and the total antioxidant activity.

Conclusion

The cultivation systems and cultivars studied influence the
antioxidant activity, physicochemical and sensory properties
of strawberries. The conventional system shows higher
values for physicochemical variables and antioxidant activity,
with cultivar variation within each system. The antioxidant
activity attributed to strawberry is strongly related to the
content of extractable polyphenols and vitamin C. Regarding
the sensory properties, cultivars show good overall
acceptability in all production systems, no presenting
difference among systems.
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