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Abstract: In this study, nutritional composition (protein, lipids, carbohydrates, ash, and moisture),
physicochemical properties (soluble solid content, titratable acidity, texture and instrumental colour
on surface, and internal section), phytochemicals (total phenolic content and anthocyanin content),
and antioxidant capacity (DPPH—2,2′-diphenyl-1-picrylhydrazyl radical scavenging capacity and
ferric-reducing antioxidant power) of three strawberry (Fragaria × ananassa Duch.) cultivars
(cv. “Primoris”, cv. “Endurance”, and cv. “Portola”) produced in the western region of Portugal
(Caldas da Rainha) were evaluated. From the obtained, results no significant differences (P > 0.05) in
nutritional composition were detected in all of the cultivars; with the exception of lower protein content
observed in cv. “Portola” (0.57 g/100 g ± 0.04; P < 0.05). Regarding the a* value of whole strawberry
fruits, no significant differences (P > 0.05) were found in any of the cultivars, which revealed a
similar redness. The cv. “Endurance” revealed the highest bioactivity content compared to the other
cultivars. Overall, these results provide important information about the high quality of strawberry
produced in the western region of Portugal and may be used as a tool for adding value to a functional
food in the Mediterranean diet due to the phytochemical composition and nutritional value of
strawberry fruits
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1. Introduction

Strawberry fruits (Fragaria × ananassa Duch.) belong to the family of Rosaceae and genus
Fragaria, and the growing area has been increasing all over the world. In Portugal, strawberry
production increased from about 2600 tonnes in 2007 to 9347 tonnes in 2017 [1], with the western
region being one of the most representative areas for strawberry growing, along with Ribatejo and
Algarve [2]. The “Primoris”, “Endurance”, and “Portola” strawberry cultivars are the most important
ones produced in Portugal [2].

Strawberry is a fruit belonging to the Mediterranean diet, appreciated for its sensorial quality
and described as having a particular aroma and sweetness in flavour combined with an agreeable
texture [3,4]. Another interesting fact concerning this berry is that it has been reported to be an
effective enhancer of the oxidative stability of foods, with berries being among the best sources of

Foods 2019, 8, 0682; doi:10.3390/foods8120682 www.mdpi.com/journal/foods

http://www.mdpi.com/journal/foods
http://www.mdpi.com
https://orcid.org/0000-0003-4814-3177
https://orcid.org/0000-0001-9319-2651
http://www.mdpi.com/2304-8158/8/12/0682?type=check_update&version=1
http://dx.doi.org/10.3390/foods8120682
http://www.mdpi.com/journal/foods


Foods 2019, 8, 0682 2 of 13

phenolic compounds [5–7]. Besides this phenolic richness, a combination of vitamin C, folate, and
other compounds can be found in this fruit [8].

Moreover, the health-promoting effects associated with the consumption of strawberry fruit
has been attributed to the abundance of antioxidative phenolic compounds, including anthocyanins,
flavonols, and condensed tannins [9]. Therefore, the increase in this fruit production has been associated
not only with high consumer acceptance due to its sensory attributes but also with the presence
of bioactive compounds recognized to be beneficial for consumer health, such as antioxidative and
anti-inflammatory compounds [10,11].

However, during the growth period, strawberry fruit is subject to several factors that
compromise the overall quality and bioactive properties of fruits, such as agricultural practices,
production region, and climatic conditions, as well as cultivars [12]. Regarding the influence of
high temperature on fruit growth, as an example, temperatures close to 30 ◦C intensify and promote
antioxidant activity, mainly the phenolic and anthocyanin compounds [13]. Nevertheless, the phenolic
content and composition as well as the antioxidant capacity of strawberries produced in the western
region of Portugal are mostly unknown.

In the present study, three strawberry cultivars (cv. “Primoris”, cv. “Endurance”, and cv. “Portola”)
produced in the western region of Portugal were assessed in terms of nutritional composition and
overall quality through analysis of physicochemical attributes such as colour (L*, a*, b*, and hue),
texture, soluble solid content (SSC), and titratable acidity (TA); through analysis of phytochemical
properties by phenolic (TPC) and anthocyanin content (AC); and through analysis of antioxidant
capacity by DPPH scavenging activity and ferric-reducing power activity (FRAP). Therefore, this
research encompasses relevant findings regarding the strawberry cultivar quality produced in Portugal.

2. Materials and Methods

2.1. Materials

Three strawberry (Fragaria × ananassa Duch.) cultivars (cv. “Primoris”, cv. “Endurance”, and
cv. “Portola”) were obtained from the fruit and vegetable farm Frutas Classe in the western region of
Portugal (Caldas da Rainha). The strawberry harvest time/moment was carried out by producers based
on commercial maturation (>75% of visual reddish colour) and evaluated through sensory analysis
(appearance and absence of mechanical injuries). Three hundred and thirty fruits (≈7 kg) were picked
and transported to a laboratory (5 ◦C) where, after discarding damaged fruits, about 300 fresh and
whole strawberries (≈6.6 kg) were classified, as “Extra category” according to the official Portuguese
method [14]. Following the selection by cultivar type, they were divided into three groups per three
replicates each (n = 3 × 30 × 3).

All chemicals and reagents used in the present study were ACS grade (Committee on Analytical
Reagent grade). Methanol HPLC grade was purchased from Pronalab (Lisbon, Portugal) and
Fisher-Scientific (Loughborough, England); cupric sulfate (II), titanium dioxide, sulfuric acid 95–97%,
Folin-Ciocalteu’s phenol reagent, chloride hexahydrate, petroleum ether, and gallic acid (anhydrous)
were from Merck (Darmstad, Germany); methyl red, sodium hydroxide pellets, L-tryptophan, sodium
sulfate, ammonium sulfate, sodium carbonate, potassium chloride, cyanidin 3-glucoside, silver nitrate,
and hydrochloric acid 37% were from Sigma-Aldrich (St. Louis, MO, USA); acetic acid was from
ACROS Organics (Gell, Belgium); sodium acetate was from VWR Prolabo Chemicals (Leuven, Belgium);
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) was obtained from Alfa Aesa (Ward Hill, MA, USA)

2.2. Methods

2.2.1. Analysis of Nutritional Composition

The proximate composition (protein, lipid, carbohydrate, moisture, and ash) of strawberry
cultivars was determined by Association of Official Analytical Chemists (AOAC) International
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methods [15]. The crude protein was ascertained using the Kjeldhal method (N × 6.25) according to
AOAC Official Method 920.152. The fat was determined by extracting 5 g of sample with petroleum ether
using a Soxhlet apparatus according to AOAC Official Method 963.15. The ash content was obtained
by incineration at (600 ± 15) ◦C, and carbohydrates were calculated by difference: 100 − (g moisture +

g protein + g fat + g ash). Moreover, total energy was calculated using the following equation:

Energy (kcal) = 4× (g protein + g carbohydrate) + 9× (g fat) (1)

The proximate values were calculated from three measurements of each samples group and
presented as percentages (%).

2.2.2. Analysis of Physicochemical Properties

Titratable acidity (TA) was measured according to the International Standard Organization
(1998) [16], based on a potentiometric titration with a standard volumetric solution of sodium
hydroxide. Briefly, twenty-five grams of strawberry pulp was diluted in a 250-mL volumetric flask
with distilled water. After being mixed, the diluted sample was titrated with a solution of sodium
hydroxide (NaOH) at 0.1 M until reaching pH 8.1. Titratable acidity was expressed as grams of citric
acid per 100 g of strawberry fruits. Three measurements per sample group were taken.

Strawberry soluble solid content (SSC) was measured after homogenization in a Yellow line DI 25
basic polytron (KA-Werke GmbH & Co.KG, Staufen, Germany) and was measured in a refractometer
(DR-A1, ATAGO Co Ltd., Tokyo, Japan). Three determinations per sample group replicate were carried
out, and the result were reported as ◦Brix.

Colour measurements of superficial and internal strawberry fruits (Figure 1) were evaluated
using a tristimulus colorimeter (Minolta chroma Meter, CR-300, Osaka, Japan) with an 8-mm diameter
measuring area and a data processor (Minolta chroma Meter, DP-301, Osaka, Japan). The instrument
was calibrated using a white standard tile (L* = 97.10, a* = 0.19, and b* = 1.95) and the illuminate
D65 (2◦ observer). CIE colour space coordinates, L*a*b* values, were determined, where the L*
values represent the luminosity of samples (0 for black to 100 for white) and where a* and b* values
indicate the variation of greenness to redness (−60 to +60) and blueness to yellowness (−60 to +60),
respectively. Tonality was expressed as hue (◦h) (Equation (2)) and was calculated as follows:

hue = tan−1
(

b∗

a∗

)
(2)
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Figure 1. Representation of strawberry fruit area used for colour and texture determination: surface
(whole fruits) (A) and internal (divided fruits) (B).

Bearing in mind the measurement section of strawberry fruits (Figure 1), ten measurements from
each sample group were taken.

The texture was determined according to the modified method described by Tylewicz, Tappi,
Genovese, Mozzon, and Rocculi [17]. Strawberry hardness was recorded by the penetration test with a
Texture Analyzer (TA.HDi, Stable Microsystem Ltd., Godalming, UK), using a load cell of 5 kg and a
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stainless steel cylinder probe with a 2-mm diameter. The penetration test was performed at a speed
of 1.5 mm/s and a penetration distance of 4 mm. Force–distance curves were recorded and firmness
(hardness (N)) and adhesiveness (N/s) were used as indicators of fruit texture. Ten measurements were
taken from each sample group in both measurement areas of the fruits, as represented in Figure 1.

2.2.3. Analysis of Phytochemical Quality

Total phenolic content (TPC) was determined using the Folin–Ciocalteu method [18] and adapted
for a 96-well plate assay: 20 µL of sample/standard was mixed with 100 µL of diluted Folin–Ciocalteau
reagent (1/10, v/v)), and after 4 min, 80 µL of Na2CO3 solution (7.5%, (m/v)) was added. The reaction
occurred for 2 h at room temperature, and the absorbance of the mixture was measured at 750 nm using
a microplate reader (Synergy H1 Multi-Mode Microplate Reader, BioTek® Instruments, Winooski, VT,
USA). Gallic acid was used to prepare a standard calibration curve. TPC results expressed as milligrams
of gallic acid equivalents per 100 g of strawberry fruits (mg GAE/100 g) resulted from the average of
three measurements per sample group.

Anthocyanin content (AC) of strawberry cultivars was determined by pH difference [19]. Briefly,
3 mL of strawberry samples was mixed with 5 mL of two buffers, pH 1.0 (0.2 M potassium chloride
adjusted with chloric acid) and pH 4.6 (0.2 M acetate of sodium adjusted with acetic acid). Both
strawberry samples at pH 1.0 and 4.6 were incubated at room temperature for 30 min. The absorbance
difference at 530 nm (Synergy H1 Multi-Mode Microplate Reader, BioTek® Instruments, Winooski, VT,
USA) of both buffers is proportional to the anthocyanin content. Also, measurements of absorbance at
700 nm were taken into account for corrections due to presence of interfering compounds. The results
were expressed as mg cyanidin-3-glucoside per 100 g of strawberry fruits as in the following Equations (3)
and (4):

Anthocyanin concentration =
∆A·MW average FD·1000

ε·L
(3)

∆A = (A530 − A700) pH : 1.0− (A530 − A700)pH : 4.5 (4)

where ∆A is the difference between absorbance change at 530 and 700 nm in buffers at pH 1 and
4.6; MWaverage is molecular mass for cyanidin-3-glucoside (449.2 g/mol); FD is the dilution factor; ε
is the molar extinction coefficient for cyanidin-3-glucoside (26,900 cm/M); L is the optical path (cm);
1000 is the conversion factor of grams to milligrams; and three measurements were taken from each
sample group.

2.2.4. Analysis of Antioxidant Capacity

DPPH scavenging activity was determined according to methodology reported by Custódio et al. [20].
Briefly, 50 µL of sample/standard was reacted with 150 µL of DPPH solution (150 µmol/L) for 1 h in dark
at room temperature. Subsequently, the absorbance was measured at 517 nm in a microplate reader
(Synergy H1 Multi-Mode Microplate Reader, BioTek® Instruments, Winooski, VT, USA). The percentage
of inhibition was expressed as radical scavenging activity (% RSA).

Ferric-reducing antioxidant power (FRAP) was measured by the method of Benzie and Strain [21]
and of Bolanos de la Torre, Henderson, Nigam, and Owusu-Apenten [22] adapted for a 96-well plate
assay with minor modifications. FRAP reagent was prepared with 0.3 M acetate buffer (pH = 3.6),
10 mM of 2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mM HCl, and 20 mM ferric solution using FeCl3 in a
96-well microplate. By freshly mixing acetate buffer, TPTZ, and ferric solutions at ratio of 10:1:1, the final
working FRAP reagent was incubated at 37 ◦C in dark. Briefly, 2 µL of sample was added to 198 µL of
FRAP reagent and allowed to stand at 37 ◦C in dark for 30 min, at which time the increase in absorbance
at 593 nm was measured in a microplate reader. Standard curve was performed using FeSO4 solution
(0.1–1.0 mM), and results were expressed as mM of FeSO4 per 100 g of strawberry.

In DPPH scavenging activity and ferric-reducing antioxidant power (FRAP) methodologies, three
measurements from each sample group were taken.
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2.3. Statistical Analysis

In this study, the obtained data are expressed as mean values and standard deviation (SD). All data
underwent analysis of variance (ANOVA) using Statistica™ v.8.0 Software from Statsoft (Tulsa, OK,
USA) [23]. Statistically significant differences (P < 0.05) between sample groups of strawberry cultivars
were determined according to Tukey HSD (Honestly Significant Difference). Pearson correlation
coefficients were also generated between the quality attributes evaluated: nutritional, physicochemical,
phytochemical, and antioxidant capacity.

3. Results and Discussion

In accordance with Table 1, the studied strawberry cultivars have been defined as “Extra
category” fruits based on uniformity, brightness, and red colour typical of fruits. This evaluation
was performed taking into account the Portuguese Regulation, Ministerial Order No. 90 (1988) [14],
concerning strawberry quality for consumption. Also, the equatorial section of all strawberry fruits
fits the minimum of 25 mm, validating the high quality of the samples.

Table 1. Classification of strawberry cultivars (cv. “Primoris”, cv. “Endurance”, and cv. “Portola”)
produced in the western region of Portugal (Caldas da Rainha).

Cultivar Calibre (mm) Height (mm)

“Primoris” 48.9 ± 5.3 34.9 ± 2.9
“Endurance” 41.7 ± 4.8 36.9 ± 3.7

“Portola” 42.2 ± 5.4 46.4 ± 4.8

Classification was performed according to Ministerial No 90/1988—Annex III—specification of strawberry quality.
This document contains the specifications of strawberry fruits regarding the genus Fragaria L. for fresh consumption.
Data are presented as “mean ± standard deviation”.

3.1. Evaluation of Nutritional Composition

Table 2 presents the nutritional composition (moisture, protein, fat, carbohydrate, and ash)
of the studied strawberry cultivars (cv. “Primoris”, cv. “Endurance”, and cv. “Portola”).

Table 2. Nutritional composition of strawberry cultivars (cv. “Primoris”, cv. “Endurance”, and cv.
“Portola”) produced in the western region of Portugal.

Component (%) cv. “Primoris” cv. “Endurance” cv. “Portola”

Moisture 86.3 ± 2.0 a 88.2 ± 1.1 a 89.8 ± 2.1 a

Crude Protein 0.730 ± 0.057 a 0.720 ± 0.041 a 0.570 ± 0.033 b

Crude Fat 0.130 ± 0.008 a 0.150 ± 0.024 a 0.140 ± 0.024 a

Carbohydrate 12.4 ± 1.7 a 10.5 ± 1.0 a 9.11 ± 1.79 a

Ash 0.430 ± 0.016 a 0.460 ± 0.024 a 0.430 ± 0.024 a

Energy (kcal) 53.8 46.0 40.0

Data are expressed as “mean ± standard deviation” of triplicate measurements. a,b In the same line, different letters
indicate significant difference (P < 0.05, Tukey test) between strawberry cultivars.

The strawberry cultivars showed no significant difference (P > 0.05) in nutritional composition
with the exception of protein content, where the cv. “Portola” denotes a lower value (0.570 ± 0.033%),
P < 0.05) compared to cv. “Primoris” and cv. “Endurance”. The carbohydrates ranged between 9.110%
and 12.430% with no significant difference (P > 0.05) between the three strawberry cultivars.

These values are higher than 5.30 g and 7.68 g of carbohydrates per 100 g of fresh strawberry
announced by the platform of food information in Portugal [24] and considered by the Nutrient
Database of US Department of 2018 [25], respectively.

In general, the nutritional composition of the three cultivars can be considered to be
within the expected range for this fruit, according to previous studies [26,27]. However, environmental
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factors [28,29] greatly influence the chemical characteristics of fruits and, consequently, their
antioxidants [30]. Overall, the nutritional composition of strawberries produced in Portugal play an
important role in the food choices of those looking to include safe, healthy, and nutritious foods in
their diet.

3.2. Evaluation of Physicochemical Properties

Physicochemical quality of strawberry cultivars produced in Portugal are shown in Table 3.

Table 3. Characterization of physicochemical quality (titratable acidity (TA), soluble solid content
(SSC), colour, and texture) of the studied strawberry cultivars.

Physicochemical Properties cv. “Primoris” cv. “Endurance” cv. “Portola”

Titratable acidity
(g citric acid/100 g) 0.809 ± 0.011 a 0.739 ± 0.009 a 0.572 ± 0.047 c

Soluble solid content
(◦Brix) 6.82 ± 0.37 b 8.51 ± 0.34 a 4.89 ± 0.25 c

Colour
Superficial zone (surface)

L* 42.3 ± 3.6 a 36.0 ± 3.5 c 38.5 ± 2.7 b

a* 33.3 ± 1.8 a 34.5 ± 2.1 a 32.8 ± 1.7 a

b* 28.8 ± 5.1 a 24.1 ± 3.2 b 30.4 ± 3.7 a

◦h 40.5 ± 5.2 a 34.8 ± 2.8 b 42.7 ± 3.7 a

Internal zone (interior)
L* 32.5 ± 0.3 b 37.2 ± 1.8 a 36.4 ± 1.2 a

a* 21.6 ± 0.7 a 21.7 ± 1.1 a 18.6 ± 0.6 b

b* 17.6 ± 0.4 b 17.2 ± 1.1 b 18.9 ± 0.7 a

◦h 39.2 ± 0.9 b 38.5 ± 1.2 c 45.5 ± 0.9 a

Texture
Superficial zone (surface)

Hardness (N) 1.23 ± 0.39 a 0.612 ± 0.270 b 1.26 ± 0.43 a

Adhesiveness (N/s) 1.80 ± 0.58 a 0.871 ± 0.321b 1.87 ± 0.69 a

Internal zone (interior)
Hardness (N) 0.950 ± 0.299 a 0.431 ± 0.240 b 0.998 ± 0.306 a

Adhesiveness (N/s) 1.69 ± 0.48 a 0.748 ± 0.419 b 1.73 ± 0.50 a

Data are expressed as “mean ± standard deviation”. a,b In the same line, different letters indicate significant
differences (P < 0.05, Tukey test) between strawberry cultivars.

3.2.1. Titratable Acidity

The titratable acidity of strawberry fruits results from organic and nonvolatile acids, which
influence the cellular pH [31]. By observing titratable acidity among strawberry samples, a significant
difference (P < 0.05) was observed in all the fruit’s cultivars. The cv. “Portola” and cv. “Primoris”
attained the lowest and highest values of titratable acidity, (0.572 ± 0.047) g citric acid/100 g and
(0.809 ± 0.011) g citric acid/100 g, respectively. The study reported by Lan, Zhang, Ahmed, Qin,
and Liu [3] reveals that strawberry fruits produced in a local farm in China had a lower value of
titratable acidity (0.68 g citric acid/100 g) than cv. “Primoris” and cv. “Endurance” cultivars. According
to the literature, a decrease in titratable acidity was expected in postharvest fruit due to use of
organic acids as substrates in respiration [3,32]. Additionally, when there was a reduction in organic
acids, the fruits’ senescence was initiated [32]. This evolution in organic acids was responsible for
changes in total acidity, which is very high in the phase of fast fruit growth.

Furthermore, differences between titratable acidity of strawberry cultivars could be possible due
to differences in maturity at harvest, to differences between the growing conditions, to environmental
factors, and to processing techniques of various fruits [32–34].
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3.2.2. Soluble Solid Content

The main compounds of soluble solid content of fruits are organic acids and sugar, with the sweetness
depending on sugar content [35]. A strawberry’s initial metabolic process converts carbohydrates to
sugars and other soluble compounds, which increases total soluble solids. As such, a decrease in
soluble solid content was obtained through the next step: sucrose hydrolysis that reduced sugars [3].
Nonetheless, at the same maturation stage of strawberry cultivar, cv. “Endurance” showed an increase
of ca. 40% compared to cv. “Primoris” (6.82 ± 0.37) ◦Brix, as shown in Table 3. Considering the study
reported by Cao, Guan, Dai, Li, and Zhang [36], a significant difference (P < 0.05) between soluble solid
content of two strawberry cultivars was attained, about 2 ◦Brix and 4.3 ◦Brix, in a German cultivar (cv.
Brandenburg) and an American cultivar (cv. Sweet Charlie), respectively. Indeed, the strawberry SSC
is influenced by several factors, including genetics, climate, water management, and other cultivation
practices as referenced by Wold and Opstad [37].

The correlation between titratable acidity and soluble solid content in different strawberry cultivar
was analysed, and the results showed that both quality parameters were positive correlated with
coefficient R2 = 0.6910 (P = 0.0001).

3.2.3. Colour

During the strawberry postharvest, the main quality attributes that contribute towards consumer
acceptability are the attractive red colour and the sweetness and fruity flavour.

Differences between the fruit zone colour measurements of three strawberry cultivars (cv.
“Endurance”, cv. “Primoris”, and cv. “Portola”) can be observed in Table 3 and Figure 1.

Regarding the fruits’ surface zone colour, no significant difference (P > 0.05) was denoted in any
of the strawberry cultivars, which revealed the typical red colour of these fruits. By contrast, the interior
of cv. “Portola” recorded the lowest a* value (18.6 ± 0.6, P < 0.05), describing less redness in this
particular cultivar of the fruit.

The CIE L*a*b* coordinates observed in cv. “Endurance” were consistent with colour reported
by Garrido-Bigotes et al. [38] for cv. “Aromas” produced in Chile. This similarity in colour between
strawberry cultivars produced in different countries could be associated with the same ripening stage.
Despite the changes in strawberry colour throughout maturity and postharvest period (darkness and
less vibrant), these quality attributes were not considered a limiting factor for strawberry shelf-life [32].

3.2.4. Texture

Fruit firmness is one important quality attribute that needs to be measured and controlled, since
during postharvest, a softening occurs, which influences the consumer acceptance [39]. Strawberry
firmness obtained on surface and internal fruit zones can be observed in Table 3.

Comparing the studied strawberry, produced in the western region of Portugal, cv. “Endurance”
exhibited the lowest value of firmness in both fruit measurement sections, (0.612 ± 0.270) N and
(0.431 ± 0.240) N in surface and internal fruit zones, respectively. This significant difference (P < 0.05)
was expressed in about 50% of firmness compared to the values obtained in cv. “Primoris” and cv.
“Portola”. These findings highlight the softening texture of this strawberry cultivar. Internal strawberry
firmness denoted a reduction in maximum force, 20% lower in cv. “Primoris” and “Portola” than
observed in the surface section in both fruits. The strawberry cv. “Portola” has a similar value of
firmness to that observed by Ramos et al. [39] in the same fruit cultivar produced in Chile. In this
study, a comparative evaluation was performed on cv. strawberry “Portola”, “Camarosa”, “Cristal”,
and “Monterey” at different development stages (green, white, 50%, and ripe), where fruit firmness
below 1.5 N was achieved at the ripe maturity stage. Previous works have been reporting the effects
of essential nutrients during fruit growth and relation to overall quality [40]. During the fruits’
growth, the addition of essential nutrients is important since calcium plays an important role in cell
integrity (maintenance of cell permeability and cell division) that directly influences the quality such as
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strawberry firmness [41], which may be a possible effect on the difference in texture of the strawberries
studied. The correlation between moisture and fruit firmness previously demonstrated by Lan et al. [3]
was not evident in our study. The “Portola” cultivar showed higher moisture content, and a maximum
force as also observed in cv. “Primoris”. However, these findings were not statistically different
(P > 0.05) in both evaluated texture attributes regarding the moisture and firmness achieved in three
fruit cultivars (cv. “Portola”, “Primoris”, and “Endurance”).

3.3. Evaluation of Phytochemical Quality

Strawberry belongs to a phytochemical-rich fruits group that is associated with a reduction
in the risk of several diseases due essentially to its phenolic content. One of the most important
polyphenol compounds investigated in strawberry fruits is anthocyanin [26] due to its health benefits
and correlation with red colour, which are the main attributes for assessing strawberry quality [31,42].

The phytochemical content expressed as total phenolic (TPC) and anthocyanin content (AC) of
three strawberry cultivars is shown in Table 4.

Table 4. Characterization of phytochemical quality (Total phenolic content—TPC and anthocyanin—AC)
and antioxidant capacity (DPPH—2,2′-diphenyl-1-picrylhydrazyl and ferric-reducing power
activity—FRAP) of the strawberry cultivars studied.

cv. “Primoris” cv. “Endurance” cv. “Portola”

Phytochemical
Total phenolic content

(mg gallic acid equivalent GAE/100 g) 942 ± 96 b 1314 ± 89 a 607 ± 28 c

Anthocyanin content
(mg/100 g) 2.09 ± 0.01 b 2.41 ± 0.01 a 2.18 ± 0.02 b

Antioxidant Capacity
DPPH radical scavenging activity

(RSA, %) 51.8 ± 5.1 a 51.1 ± 5.2 a 42.0 ± 2.3 a

FRAP
(Eq mM FeSO4/100 g) 58.8 ± 0.9 b 72.4 ± 8.1 a 38.2 ± 1.4 c

Data are expressed as “mean ± standard deviation”. a,b,c In the same line, different letters indicate significant
differences (Tukey test, P < 0.05) between strawberry cultivars.

3.3.1. Phenolic Content

All the studied strawberry cultivars presented a significant (P < 0.05) phenolic content,
which ranged from 607 to 1314 mg GAE/100 g. In the literature, higher phenolic content is considered
to be favourable, since it is an indicator of natural health-promoting bioactive compounds [43].

The strawberry cv. “Portola” exhibited the lowest value of TPC (605.698 ± 28.118) mg GAE/100 g,
P < 0.05) when compared to cv. “Primoris” and cv. “Endurance” (942 ± 96) and (1314 ± 89) mg
GAE/100 g, respectively). Furthermore, our results are similar to those reported by Lester, Lewers,
Medina, and Saftner [44] in the same strawberry cultivar (“Portola”) grown on a conventional
farming operation in Maletto and from a commercial plantation in Tudla in another Mediterranean
country: Italy [45]. In this study, strawberries produced in Maletto (1300 mg GAE/100 g) and Tudla
(900 mg GAE/100 g) reveal identical phenolic content to that obtained in “Endurance” and “Primoris”.
According to Hakkinen and Torronen [46], fruit cultivar affects the phenolic content of strawberry,
which is dependent on production location and the time of year. The scientific literature available for
strawberries produced in Portugal is noticeably scarce. In fact, for the first time, this study reports
considerably high levels of phenolic compounds in cultivars produced in the western region of Portugal
in comparison to other countries.
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3.3.2. Anthocyanin Content

Total anthocyanins followed the expected pattern as considerable amounts are mainly found
in the red fruit [47]. The most common anthocyanins in red or purple coloured fruits are cyanidin
glycosides followed by delphinidin glycosides [48]. Anthocyanin concentration expressed as
cyanidin-3-glucoside was revealed to be significantly different (P < 0.05) in cv. “Endurance”
((2.411 ± 0.009) mg/100 g) when compared to cv. “Primoris” and cv. “Portola” ((2.09 ± 0.01)
and (2.18 ± 0.02) mg/100 g respectively). In this study, the cv. “Endurance” demonstrated a correlation
between the anthocyanin content and phenolic content. On the other hand, the studied strawberry
cultivars presented a higher AC compared to Fragaria chiloensis Mill, known as Chilean strawberry,
that contained a lower AC of 1.10 mg/100 g and 1.16 mg/100 g in 2011 and 2012, respectively, as reported
by Saavedra et al. [49].

In agreement with the results described above for TPC, the anthocyanin content of cv. “Endurance”
was clearly higher than that of the other cultivars. In a recent study, Elisia, Hu, Popovich, and
Kitts [50] showed that the presence of cyanidin-3-glucoside in Rubus ulmifolius is a major contributor
to the antioxidant capacity of this fruit. However, the presence of anthocyanins and their antioxidant
properties can vary considerably between species and fruit cultivars [51,52].

Strawberry fruits prove to be an excellent and natural source of dietary anthocyanins that can
lead to health benefits [53,54].

3.4. Evaluation of Antioxidant Capacity

For the evaluation of food antioxidant capacity, different methodologies are used to obtain
valid results because antioxidant compounds present different reactions of mechanisms with possible
synergistic interactions [55,56] depending on the type of assay employed. Consequently, the antioxidant
capacity of the strawberry cultivars was assessed by the DPPH and the FRAP assays (Table 4).

3.4.1. DPPH Radical Scavenging Activity

The DPPH free radical scavenging activity of strawberry cultivars ranges from 42.0 ± 2.3% to
51.8 ± 5.1%. The values reported in the current study were generally higher than those reported
by Wang, Wang, Ye, Vanga, and Raghavan [25] for the strawberry cultivar, “Seascape” after
postharvest high-intensity ultrasound treatment prior to juice extraction. Olsson et al. [57] referenced
that the antioxidant capacity of strawberry fruits increased throughout the postharvest period
from the unripe to the fully ripe maturity stage. Also, environmental conditions, mainly higher
temperatures, lead to significantly increased content of antioxidant capacity in berry fruits, as stated by
Moretti, Matos, Calbo, and Sargent [58].

3.4.2. FRAP

As shown in Table 4, a significant difference (P < 0.05) in ferric-reducing antioxidant power (FRAP)
was observed between strawberry cultivars. The cv. “Endurance” showed the highest value ((72.4 ± 8.1)
Eq mM FeSO4/100 g) when compared to cv. “Primoris” ((58.8 ± 0.9) Eq mM FeSO4/100 g) and “Portola”
((38.2 ± 1.4) Eq mM FeSO4/100 g). The study developed by Rekika, Khanizadeh, Deschênes, Levasseur,
and Charles [59] found a correlation between the anthocyanin content and antioxidant capacity
of some selected strawberry genotypes. In the current study, a positive correlation (R2 = 0.9831,
P = 0.017) was found between the FRAP and anthocyanin content for the cv. “Endurance” only but
not for the other two cultivars. Overall, cv. “Endurance” strawberry recorded the highest TPC and
anthocyanin contents consistent with the highest antioxidant activities, especially for FRAP (Table 4).
In general, fruits with the highest TPC showed the highest antioxidant activity against the DPPH
radical. However, the correspondence between the TPC and the antioxidant activity against DPPH is
not so obvious for these cultivars.
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On the other hand, the Folin–Ciocalteu assay gives a crude estimate of the total phenolic
compounds present in an extract. Moreover, different phenolic compounds respond differently to this
assay depending on the number of phenolic groups they contain. Thus, the TPC does not necessarily
incorporate all the antioxidants that may be present in an extract. Hence, this may explain the lack of
correlation between the TPC and some methods of assessing antioxidant activity for certain fruits.

These results are also in good agreement with the findings of Wang et al. [25]; of Ganhão et al. [33],
and of Nowicka et al. [42], who reported such positive correlations between TPC and antioxidant
capacity in different fruits and vegetables.

4. Conclusions

In this study, a characterization of the most important strawberry cultivars (“Primoris”,
“Endurance”, and “Portola”) produced in the western region of Portugal was performed. All the studied
strawberry cultivars exhibited a natural source of health-promoting properties through phytochemical
and antioxidant screening and testing for nutritional value. The “Endurance” strawberry cultivar
was characterized by the highest level of antioxidant compounds, expressed by total phenolic
and anthocyanin content. These antioxidant compounds may have useful applications as functional
ingredients in foods. In this sense and for the development of functional ingredients, the economic value
of this cultivar produced in Portugal should be enhanced, with interest for producers and consumers.
Identification should be made of phenolic compounds as biomarkers to better understand the influence
of the bioavailability of these compounds on promoting good health. Moreover, these findings will be
important for promoting the Mediterranean diet and for consumers who choose to have a daily intake
of foods rich in antioxidants.

Author Contributions: Conceptualization, R.G., J.P., and M.M.G.; methodology, C.T., H.F., and J.P.; validation,
R.G., J.P., C.T., H.F., and M.M.G.; formal analysis, R.G., J.P., C.T., H.F., and M.M.G.; investigation, R.G., J.P., C.T.,
H.F., and M.M.G.; resources, R.G. and M.M.G.; data curation, R.G., J.P., and M.M.G.; writing—original draft
preparation, J.P.; writing—review and editing, R.G. and M.M.G.; visualization, R.G., J.P., and M.M.G.; supervision,
R.G., J.P., and M.M.G.; project administration, R.G. and M.M.G.; funding acquisition, R.G. and M.M.G.

Funding: The present study had the financial support of Fundação para a Ciência e Tecnologia (FCT)
through the strategic project UID/MAR/04292/2019 granted to MARE and the Integrated Programme of
SR&TD “SmartBioR—Smart Valorization of Endogenous Marine Biological Resources Under a Changing
Climate” (Centro-01-0145-FEDER-000018) co-funded by Centro 2020 program, Portugal 2020, European Union
through the European Regional Development Fund.

Acknowledgments: The present study had the financial support of Fundação para a Ciência e Tecnologia
(FCT) through the strategic project UID/MAR/04292/2019 granted to MARE and the Integrated Programme
of SR&TD “SmartBioR—Smart Valorization of Endogenous Marine Biological Resources Under a Changing
Climate” (Centro-01-0145-FEDER-000018) co-funded by Centro 2020 program, Portugal 2020, European Union
through the European Regional Development Fund. Also, the authors thank the fruit company FRUTAS CLASSE
for strawberry supply.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. FAO. Food and Agriculture Organization of the United Nations (FAOSTAT). 2017. Available online:
http://www.fao.org/faostat/en/#data/QC (accessed on 15 November 2019).

2. Crop Production Yearbook. 2006. Available online: http://www.gpp.pt/images/GPP/O_que_disponibilizamos/
Publicacoes/Periodicos/Anuario_Veg_2006.pdf (accessed on 1 June 2019).

3. Lan, W.; Zhang, R.; Ahmed, S.; Qin, W.; Liu, Y. Effects of various antimicrobial polyvinyl alcohol/tea
polyphenol composite films on the shelf life of packaged strawberries. LWT Food Sci. Technol. 2019, 113,
108297. [CrossRef]

4. Parra-Palma, C.; Úbeda, C.; Gil, M.; Ramos, P.; Castro, R.I.; Morales-Quintana, L. Comparative study
of the volatile organic compounds of four strawberry cultivars and it relation to alcohol acyltransferase
enzymatic activity. Sci. Hortic. 2019, 251, 65–72. [CrossRef]

http://www.fao.org/faostat/en/#data/QC
http://www.gpp.pt/images/GPP/O_que_disponibilizamos/Publicacoes/Periodicos/Anuario_Veg_2006.pdf
http://www.gpp.pt/images/GPP/O_que_disponibilizamos/Publicacoes/Periodicos/Anuario_Veg_2006.pdf
http://dx.doi.org/10.1016/j.lwt.2019.108297
http://dx.doi.org/10.1016/j.scienta.2019.03.017


Foods 2019, 8, 0682 11 of 13

5. Heinonen, M.; Meyer, A.S.; Frankel, E.N. Antioxidant Activity of Berry Phenolics on Human Low-Density
Lipoprotein and Liposome Oxidation. J. Agric. Food Chem. 1998, 46, 4107–4112. [CrossRef]

6. Amatori, S.; Mazzoni, L.; Alvarez-Suarez, J.M.; Giampieri, F.; Gasparrini, M.; Forbes-Hernandez, T.Y.;
Afrin, S.; Errico Provenzano, A.; Persigo, G.; Mezzetti, B.; et al. Polyphenol-rich strawberry extract (PRSE)
shows in vitro and in vivo biological activity against invasive breast cancer cell. Sci. Rep. 2016, 6, 30917.
[CrossRef] [PubMed]

7. Ariza, M.T.; Reboredo-Rodriguez, P.; Mazzoni, L.; Forbes-Hernández, T.Y.; Giamperi, F.; Afrin, S.;
Gasparrini, M.; Soria, C.; Martínez-Ferri, E.; Baltino, M.; et al. Strawberry achenes are an important
source of bioactive compounds for human health. Int. J. Mol. Sci. 2016, 17, 1103. [CrossRef]

8. Winardiantika, V.; Lee, Y.H.; Park, N.; Yeoung, Y.R. Effects of cultivar and harvest time on the contents of
antioxidant phytochemicals in strawberry fruits. Hortic. Environ. Biotechnol. 2015, 56, 732–739. [CrossRef]

9. Bialasiewicz, P.; Prymont-Przyminska, A.; Zwolinska, A.; Sarniak, A.; Wlodarczyk, A.; Krol, M.; Glusac, J.;
Nowak, P.; Markowski, J.; Rutkowski, K.P.; et al. Addition of strawberries to the usual diet decreases resting
chemiluminescence of fasting blood in healthy subjects-possible health-promoting effect of these fruits
consumption. J. Am. Coll. Nutr. 2014, 33, 274–287. [CrossRef]

10. Tiwari, B.K.; O´Donnell, C.P.; Patras, A.; Brunton, N.; Cullen, P.J. Stability of anthocyanins and ascorbic acid
in sonicated strawberry juice during storage. Eur. Food Res. Technol. 2009, 228, 717–724. [CrossRef]

11. Joubran, A.M.; Katz, I.H.; Okun, Z.; Davidovich-Pinhas, M.; Shpigelman, A. The effect of pressure level and
cycling in high-pressure homogenization on physicochemical, structural and functional properties of filtered
and non-filtered strawberry nectar. Innov. Food Sci. Emerg. Technol. 2019, 57, 102203. [CrossRef]

12. FAO. Food and Agriculture Organization of the United Nations. Volume 1—The scheme—standard and
implementation infrastructure. In A Scheme and Training Manual on Good Agricultural Practices (GAP) for
Fruits and Vegetables; Food and Agriculture Organization of the United Nations Regional Office for Asia
and the Pacific: Bangkok, Thailand, 2016; ISBN 978-92-5-109277.

13. Wang, S.Y.; Zheng, W.; Galletta, G.J. Cultural system affects fruit quality and antioxidant capacity in
strawberries. J. Agric. Food Chem. 2002, 50, 6534–6542. [CrossRef]

14. Diário da República. Portaria n.◦ 90/88 de 9 de Fevereiro. In Alargamento da Aplicação das Normas ou
Especificações de Qualidade a Mais Algumas Espécies de Fruta, Designadamente Ameixa, Damasco e Morango; Official
Journal of Diário da República I Série, n.◦ 33 de 9–2; Diário da República: Lisbon, Portugal, 1988; pp. 457–461.

15. AOAC—Association of Official Analytical Chemists. Official Methods of Analysis of the Association
of the Analytical Chemists; AOAC: Rockville, VA, USA, 2016.

16. ISO 750. Fruit and Vegetable Products—Determination of Titratable Acidity; ISO: Vernier, Geneva,
Switzerland, 1998.

17. Tylewicz, U.; Tappi, S.; Genovese, J.; Mozzon, M.; Rocculi, P. Metabolic response of organic strawberries and
kiwifruit subjected to PEF assisted-osmotic dehydration. Innov. Food Sci. Emerg. Technol. 2019, 56, 102190.
[CrossRef]

18. Singleton, V.L.; Rossi, J.A. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid
reagents. Am. J. Enol. Viticult. 1965, 16, 144–158.

19. Tonutare, T.; Moor, U.; Szajdak, L. Strawberry anthocyanin determination by pH differential spectroscopic
method—How to get true results. Acta Sci. Pol. Hortorum Cultus 2014, 13, 35–47.

20. Custódio, L.; Justo, T.; Silvestre, L.; Barradas, A.; Duarte, C.V.; Pereira, H.; Barreira, L.; Rauter, A.P.; Alberício, F.;
Varela, J. Microalgae of diferente phyla display antioxidant, metal chelating and acetylcholinesterase inhibitory
activities. Food Chem. 2012, 339, 69–72.

21. Benzie, I.; Strain, J. The Ferric Reducing Ability of Plasma (FRAP) as a Measure of “Antioxidant
Power: The FRAP Assay”. Anal. Biochem. 1996, 239, 70–76. [CrossRef] [PubMed]

22. Bolanos de la Torre, A.A.S.; Henderson, T.; Nigam, P.S.; Owusu-Apenten, R.K. A universally calibrated
microplate ferric reducing antioxidant power (FRAP) assay for foods and applications to Manuka honey.
Short communication. Food Chem. 2015, 174, 119–123. [CrossRef]

23. StatSoft Inc. STATISTICA (data analysis software system), version 8; StatSoft Inc.: Tulsa, OK, USA, 2007.
24. Platform of Food Information in Portugal. Portfir. Available online: http://portfir.insa.pt/foodcomp/food?

11708/ (accessed on 12 August 2019).

http://dx.doi.org/10.1021/jf980181c
http://dx.doi.org/10.1038/srep30917
http://www.ncbi.nlm.nih.gov/pubmed/27498973
http://dx.doi.org/10.3390/ijms17071103
http://dx.doi.org/10.1007/s13580-015-0052-y
http://dx.doi.org/10.1080/07315724.2013.870502
http://dx.doi.org/10.1007/s00217-008-0982-z
http://dx.doi.org/10.1016/j.ifset.2019.102203
http://dx.doi.org/10.1021/jf020614i
http://dx.doi.org/10.1016/j.ifset.2019.102190
http://dx.doi.org/10.1006/abio.1996.0292
http://www.ncbi.nlm.nih.gov/pubmed/8660627
http://dx.doi.org/10.1016/j.foodchem.2014.11.009
http://portfir.insa.pt/foodcomp/food?11708/
http://portfir.insa.pt/foodcomp/food?11708/


Foods 2019, 8, 0682 12 of 13

25. Wang, J.; Wang, J.; Ye, J.; Vang, S.K.; Raghavan, V. Influence of high-intensity ultrasound on bioactive
compounds of strawberry juice: Profiles of ascorbic acid, phenolics, antioxidant activity and microstructure.
Food Control 2019, 96, 128–136. [CrossRef]

26. Giampieri, F.; Tulipani, S.; Alvarez-Suarez, J.; Quiles, J.L.; Mezzetti, B.; Battino, M. Review—The strawberry:
Composition, nutritional quality, and impact on human health. Nutrition 2012, 28, 9–19. [CrossRef]

27. Akhatou, I.; Recamales, A.F. Influence of cultivar and culture system on nutritional and organoleptic quality
of strawberry. J. Sci. Food Agric. 2014, 30, 866–875. [CrossRef]

28. Taghavi, T.; Siddiqui, R.; Rutto, L.K. The effect of preharvest factors on fruit and nutritional quality in
strawberry. In Strawberry—Pre- and Post-Harvest Management Techniques for Higher Fruit Quality; Asao, T.,
Asaduzzaman, M.D., Eds.; Intech Open: London, UK, 2019. [CrossRef]

29. Nunes, M.C.N. Impact of environmental conditions on fruit and vegetable quality. Stewart Postharvest Rev.
2008, 4, 1–14. [CrossRef]

30. Wang, S. Effect of pre-harvest conditions on antioxidant capacity in fruits. Acta Hortic. 2006, 712, 299–305.
[CrossRef]

31. Octavia, L.; Choo, W.S. Folate, ascorbic acid, anthocyanin and colour changes in strawberry (Fragaria ×
annanasa) during refrigerated storage. LWT-Food Sci. Technol. 2017, 86, 652–659. [CrossRef]

32. Ktenioudaki, A.; O’Donnell, C.P.; Nunes, M.C.N. Modelling the biochemical and sensory changes of
strawberries during storage under diverse relative humidity conditions. Postharvest Biol. Technol. 2019, 154,
148–158. [CrossRef]

33. Ganhão, R.; Estévez, M.; Kylli, P.; Heinonen, M.; Morcuende, D. Characterization of selected wild
mediterranean fruits and comparative efficacy as inhibitors of oxidative reactions in emulsified raw
pork burger patties. J. Agric. Food Chem. 2010, 58, 8854–8861. [CrossRef] [PubMed]

34. Heinonen, M. Antioxidant activity and antimicrobial effect of berry phenolics-a Finnish perspective. Mol. Nutr.
Food Res. 2007, 51, 684–691. [CrossRef] [PubMed]

35. Jouquand, C.; Chandler, C.; Plotto, A.; Goodner, K. A sensory and chemical analysis of fresh strawberries
over harvest dates and seasons reveals factors that affect eating quality. J. Am. Soc. Hortic. Sci. 2008, 133,
859–867. [CrossRef]

36. Cao, F.; Guan, C.; Dai, H.; Li, X.; Zhang, Z. Soluble solids content is positively correlated with phosphorus
content in ripening strawberry fruits. Sci. Hortic. 2015, 195, 183–187. [CrossRef]

37. Wold, A.B.; Opstad, N. Fruit quality in strawberry (Fragaria x ananassa Duch. Cv: Korona) at three times
during the season and with two fertilizer strategies. J. Appl. Bot. Food Qual. 2007, 81, 36–40.

38. Garrido-Bigotes, A.; Figueroa, P.M.; Figueroa, C.R. Jasmonate metabolism and its relationship with abscisic
acid during strawberry fruit development and ripening. J. Plant Growth Regul. 2018, 37, 101–103. [CrossRef]

39. Ramos, P.; Parra-Palma, C.; Figueroa, C.R.; Zuniga, P.E.; Valenzuela-Riffo, F.; Gonzalez, J.; Gaete-Eastman, C.;
Morales-Quintana, L. Cell wall-related enzymatic activities and transcriptional profiles in four strawberry
(Fragaria x ananassa) cultivars during fruit development and ripening. Sci. Hortic. 2008, 238, 325–332.
[CrossRef]

40. Maas, J.L.; Wang, S.Y.; Galletta, G.J. Health enhancing properties of strawberry fruit. In Proceedings of the IV
North American Strawberry Conference, Florida, Orlando, FL, USA, 15–17 February 1996; Pritts, M.P.,
Chandler, C.K., Crocker, T.E., Eds.; University of Florida, Horticultural Sciences Department: Gainesville, FL,
USA, 2013; pp. 11–18.

41. Singh, R.; Sharma, R.R.; Tyagi, S.K. Pre-harvest foliar application of calcium and boron influences physiological
disorders, fruit yield and quality of strawberry. Sci. Hortic. 2007, 112, 215–220. [CrossRef]
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