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Abstract: The genus Citrus amounts to one of the most relevant fruit crops in the world. This work
assays overall fruit quality information in order to ascertain the optimal harvest timing of three
late-season orange cultivars (‘Barberina’, ‘Valencia Midknight’ and ‘Valencia Delta Seedless’) during
two consecutive growing seasons. Thus, morphological and physicochemical parameters, organic
acids, polyphenolic content and antioxidant activity (ABTS and DPPH) were analyzed. ‘Barberina’
yielded the highest morphological (large and heavy fruits, albeit with lower fruit color index) and
physicochemical (high juice content and intermediate but optimal acidity) fruit quality, with April
providing the optimal harvest timing. By contrast, ‘Valencia Delta Seedless’ offered the smallest fruits,
while ‘Valencia Midknight’ reported the lowest physicochemical juice quality (low juice content and
earlier sensory depreciation). Nevertheless, both ‘Valencia Delta Seedless’ and ‘Valencia Midknight’
had higher functional quality than ‘Barberina’, which could be interesting for the industry in terms
of obtaining higher added value products. Thus, ‘Valencia Midknight’ fruits recorded the highest
organic acids concentration, especially in citric acid, while ‘Valencia Delta Seedless’ fruits showed the
highest antioxidant activity and ascorbic acid concentration. In addition, while March-April emerged
as the optimal harvest timing in terms of the highest organic acids concentration and antioxidant
activity, it was February the optimal harvest timing for polyphenols content. Finally, the 2017/2018
growing season proposed better response of color index, density, polyphenols and antioxidants, but
lower results of total organic acids.

Keywords: antioxidant activity; bioactive compounds; citrus; color index; HPLC; peel thickness;
Rutaceae

1. Introduction

The genus Citrus (Rutaceae family) is one of the most important fruit crops worldwide,
with oranges (Citrus sinensis L. Osb.) being the main citrus crop. Spain is Europe’s
largest orange producing country in the European Union, with a total production of more
than 3.2 million tons in 2019 [1]. Production of this citrus fruit is aimed at two clearly
differentiated markets: fresh fruit and juice [2]. In both cases, they require high levels of
quality parameters [3,4].
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Furthermore, the Citrus genus is comprised of a wide diversity of species and cultivars,
including oranges, mandarins, lemons, grapefruits, citrons, limes, kumquats, and diverse
hybrids. This extensive diversity yields high heterogeneous fruits parameters, such as
morphological quality, physicochemical and nutritional compounds [5]. Internal and
external orange fruit quality is another major influential factor, depending on type of
cultivars [6,7], growing conditions [8,9], rootstock [10–12] or harvest season and fruit
ripening [13].

On the other hand, peel and pulp ripening are not fully synchronized for orange fruits,
with natural ripening of both tissues being a self-contained and independent process [14],
which makes it seriously difficult to identify the optimal fruit harvest time. Hence, citrus
farmers perform visual quality assessment of on-tree orange fruits based on external peel
color, to determine the optimal harvest date [8,9,15]. This procedure is highly subjective
due to its dependence on human evaluation; thus greater knowledge is required about
fruit ripening and its effect on different quality parameters, primarily for citrus cultivars
and citrus rootstocks [6,7,16].

Late-season orange varieties can extend the fruit harvest period until the end of June
in Spain, which makes this fruit available for consumers in markets. This group of oranges
includes recent cultivars obtained, such as ‘Barberina’, ‘Valencia Midknight’, and ‘Valencia
Delta Seedless’ [17].

Moreover, Carrizo citrange [Citrus sinensis L. Obs. × Poncirus trifoliata L. Raf.] is the
most commonly used rootstock in Spanish citrus orchards [10]. Conversely, this prevailing
rootstock can lead to chlorosis and salinity issues [18]. Hence, other citrus rootstocks,
such as Forner-Alcaide no. 5 (substandard citrus rootstock), may allow more suitable
adaptability to these abiotic problems as previously described [18,19].

Color is a major property in determining the degree of consumer acceptance [20],
while the juice industry is demanding for citrus fruits with high juice yield and sugar
content. The external and internal color of oranges, which is a major factor influencing
consumer choices, is influenced by the carotenoids content [5,21]. Regardless of destination
(fresh or juice), consumers perceive this food as a natural and healthy source of nutrients
and vitamins.

In this sense, orange fruits contain a significant concentration of beneficial compounds
for human health [22,23]. This fruit is a natural source of antioxidant and bioactive com-
pounds, such as organic acids and phenolic compounds [24]. Citric acid is the main
organic acid in oranges, followed by malic and ascorbic acids [25]. Furthermore, phenolic
compounds of citrus fruits have been involved in the antioxidant complex in different
studies [26–28]. Phenolic compounds of oranges include flavonoids and phenolic acids,
with flavanones being the most important group of phenolic compounds in citrus [29].
Thus, the main flavanones in orange fruits, such as hesperetin, naringenin and their glyco-
sylated derivatives, have a potent antioxidant activity [30]. Besides, these compounds can
contribute to sensory properties, such as acidity, bitterness, astringency, flavor, etc. [18].

Therefore, this work was intended to determine morphological and physicochemi-
cal quality, bioactive compounds and antioxidant properties of three late-season orange
cultivars (‘Barberina’, ‘Valencia Midknight’ and ‘Valencia Delta Seedless’) grafted onto a
substandard citrus rootstock, and to evaluate those parameters during the harvest period
(from February till May) over two consecutive growing seasons (2016/2017 and 2017/2018).
Thus, offering the optimal harvest date for citrus industry and fresh consumption.

2. Materials and Methods
2.1. Plant Material

The experiments were carried out with three late-season orange cultivars (‘Barberina’,
‘Valencia Midknight’ and ‘Valencia Delta Seedless’) grafted onto the citrus rootstock Forner-
Alcaide no. 5 (FA5, ‘Cleopatra’ mandarin × Poncirus trifoliata L. Raf.; [31]), in a commercial
orchard located in the municipality of Hornachuelos, Cordoba, Spain (37◦46′47.0′′ N;
5◦12′02.2′′ W) since 2011. The orchard soil characteristics are clay-loam texture (40% clay,
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28% sand and 32% silt), 0.85% organic matter, an electrical conductivity (1:5 soil water
extract) of 0.159 dS/m, 0.35% active CaCO3, and 8.2 of soil pH (25 ◦C 1:5). ‘Barberina’
is originated by spontaneous mutation of the ‘Valencia’ cultivar; its fruits are big in size,
spherical and strong, seedless and of a high juice content. They are usually harvested
from the end of April until the end of June. Of unknown origin, ‘Valencia Midknight’
cultivar fruits are medium-big size, with low presence of seeds and a high juice content
that is optimal for juice industry. They can be harvested from March until the end of June.
‘Valencia Delta Seedless’, obtained by germination of one ‘Valencia’ seed, yields seedless
fruits of a great quality. They can be harvested from mid-March until the end of June [17].
In addition, FA5 is a substandard citrus rootstock obtained by the breeding citrus rootstocks
program of the Instituto Valenciano de Investigaciones Agrarias (IVIA) in Spain. It behaves
well under salinity and limestone conditions (usual in the Mediterranean soils), as well as
other abiotic factors, and it induces optimal fruit quality and high yield [10].

Crop management included typical local farmer practices, such as drip irrigation,
chemical weed control, and annual hand pruning after fruit harvesting. Water require-
ments were calculated with the evapotranspiration values (ET0) and citrus crop coefficient
(Kc) [32]. Crop fertilization was conducted by a fertigation system program following
instructions reported by Quiñones et al. [33].

This study was performed over two consecutive growing seasons (2016/2017 and
2017/2018) and under Mediterranean climate conditions (18.18 ◦C average temperature
and 616.40 mm rainfall for 2016/2017 season; 18.8 ◦C average temperature and 454.60 mm
rainfall for 2017/2018 season). The experimental unit was three trees per each cultivar
consisting of a randomized block with four replications spaced at 6 m × 4 m. Four fruit
sampling dates were carried out for each growing season from February to May, with one
sampling date per month, to establish the seasonal effect of the ripening stage on quality
parameters. Each fruit sample consisted of nine oranges collected from each cultivar,
replication and sampling date. Morphological, physicochemical quality parameters and
bioactive compounds were measured for both growing seasons, such as color, equatorial
diameter, height, juice content, density, titratable acidity, total soluble solids, maturity
index, firmness, organic acid profile, antioxidant activity, and total phenolic content.

2.2. Morphological Parameters

Color Index was measured for each orange fruit with a Minolta colorimeter (Konica
Minolta, CR-300, Minolta Corporation Ltd., Osaka, Japan), with the fruit being checked
at three points around the equatorial plane. Using Hunter parameters, Color Index (C.I.)
was determined as C.I. = a* × 100/(L* × b*), where “L*” denotes lightness and “a*” and
“b*” designate chromaticity coordinates [34]. Each fruit sample was weighted using a
digital scale (COBOS precision, CB-3000C, L’Hospitalet de Llobregat, Barcelona, Spain),
and average fruit weight was determined by dividing the total sample weight by the
number of fruits in each fruit sample. Equatorial diameter (D; mm), height (H; mm) and
peel thickness (PT; mm) were obtained using an electronic digital slide gauge (Absolute
digimatic caliper, Mitutoyo Corporation, Kawasaki, Japan).

2.3. Physicochemical Parameters

The juice was extracted from each fruit sample using an electric squeezer with a
rotating head (Lomi®, Modelo 5, Lorenzo Miguel, S.L., Madrid, Spain) and weighted
with a digital scale; thus the juice to content ratio (%; w/w) was determined by dividing
the juice weight by the fruit sample weight. Juice density (g/cm3) was obtained using a
calibrated Hydrometer 1000–1100 at 20 ◦C (Nahita, Madrid, Spain). First, the juice was
tempered at the reference temperature indicated in the hydrometer (20 ◦C). Next, the
density parameter was determined by inserting this hydrometer into a 100 mL test tube
that was filled up with juice, and by checking the point where the surface of the juice
touches the stem of the hydrometer. Total soluble solids (TSS; ◦Brix) were measured using a
digital refractometer (Atago PR-101, Atago Corporation Ltd., Tokyo, Japan), and titratable
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acidity (TA; g/100 cm3) was obtained by a 5 mL of juice titration with a 0.1 N NaOH
solution, and phenolphthalein as the indicator [10,35]. Maturity index (MI) was calculated
as the TSS/TA ratio.

2.4. Bioactive Compounds
2.4.1. Sample Preparation

First, orange samples were peeled, fresh pulp was ground (Sammic Cutter SK-3,
Gipuzkoa, Spain) and homogenized (Ultraturrax®, Stauten, Germany). Aliquots of the
homogenized pulp were used for different extraction methods. Samples were stored at
−80 ◦C until analysis.

2.4.2. Organic Acids Analysis

Organic acids extraction and chromatography analysis were performed following the
method described by Ordóñez-Díaz et al. [36]. Organic acid extraction was carried out in
dark and cold conditions, due to the high instability of organic acid extracts. Besides, the
chromatography analysis was performed immediately after the extraction. The maximum
wavelength of absorbance used for detection were 254 nm for ascorbic acid and 220 nm
for the remaining organic acids. Quantification was carried out using calibration curves of
pure organic acid standards in the range of 0.1–2500 mg/L.

2.5. Total Phenolic Content and Antioxidant Activity

Total phenolic content and antioxidant activity analyses were carried out on hy-
drophilic extracts. Hydrophilic fractions were extracted using a mixed solution of methanol
(80%) and deionized water (20%) acidified with 1% formic acid, following the method
proposed by Moreno-Rojas et al. [37]. These analyses were performed using a Synergy HTX
Multi-Mode Microplate Reader (BioTek Instruments, Winooski, VT, USA). The antioxidant
activity was determined using two different methods: ABTS and DPPH assays.

2.5.1. Total Phenolic Content

Total phenolic content was determined by the Folin-Ciocalteu assay following the
methodology of Slinkard and Singleton [38], with modifications of Cuevas et al. [39].
Total phenolic content was expressed as mg of gallic acid per 100 g of fresh weight (mg
GAE/100 g FW).

2.5.2. ABTS Assay

Free radical scavenging activity was determined using the ABTS decoloration method [40]
with brief modifications described by Madrona et al. [41]. The values were expressed as
mg of Trolox equivalents per 100 g of fresh weight (mg TE/100 g FW). Each value is the
average of three technical replicates.

2.5.3. DPPH Assay

Free radical DPPH (1,1-diphenyl-2-picryl-hydrazyl) activity was determined in the
hydrophilic extract following the methodology reported by Sánchez-Moreno et al. [42]. The
values were expressed as mg of Trolox equivalents per 100 g of fresh weight (mg TE/100 g
FW). Each value is the average of three technical replicates.

2.6. Data Analysis

Statistical analyses were performed with four replicates per year. The row values of
each parameter were examined using the free software R version 4.0.3 [43] under a one-
way variance analysis (ANOVA) and LSD-Fisher test (p < 0.05) [44], with the “agricolae”
package [45].
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3. Results
3.1. Morphological Parameters

Overall, the fruit size (diameter and height) correlate directly proportionally with fruit
ripening (sampling date), but without significance differences. Thus, the largest fruits were
obtained for all of these orange cultivars in May. Comparing cultivars, ‘Barberina’ yielded
larger fruits than the other two cultivars, with ‘Valencia Delta Seedless’ being the cultivar
with the smallest fruit (Table 1). The fruit size was similar during 2016/2017 and 2017/2018
growing seasons.

Table 1. Mean of orange fruit morphological quality parameters± standard error (SE) of each cultivar (‘Barberina’, ‘Valencia
Midknight’ and ‘Valencia Delta Seedless’), each sampling date (February, March, April, May) and each growing season
(2016/2017 and 2017/2018) tested using the same rootstock (Forner-Alcaide no. 5).

Cultivar D ± SE (mm) H ± SE (mm) D/H ± SE PT ± SE CI ± SE Weigh (g) ± SE

‘Barberina’ 76.43 ± 1.98 a 80.25 ± 0.66 a 0.95 ± 0.02 5.22 ± 0.13 b 10.37 ± 0.10 b 225.45 ± 4.81 a
‘Valencia Midknight’ 70.91 ± 0.57 b 73.96 ± 2.05 b 0.99 ± 0.01 5.56 ± 0.09 a 13.18 ± 0.15 a 182.75 ± 3.50 b

‘Valencia Delta Seedless’ 68.03 ± 0.66 b 69.53 ± 0.49 c 0.98 ± 0.01 4.99 ± 0.12 b 13.27 ± 0.14 a 163.95 ± 3.75 c
p value *** *** ns ** *** ***

Sampling date

February 68.92 ± 0.87 73.89 ± 2.57 0.96 ± 0.01 4.91 ± 0.14 12.36 ± 0.15 a 175.34 ± 6.41 b
March 73.88 ± 2.44 74.74 ± 1.07 0.99 ± 0.02 5.56 ± 0.10 12.59 ± 0.16 a 194.98 ± 6.96 a
April 71.55 ± 0.82 74.42 ± 1.12 0.96 ± 0.01 5.25 ± 0.13 11.76 ± 0.16 b 193.21 ± 6.04 ab
May 73.84 ± 0.91 75.98 ± 1.46 0.98 ± 0.01 5.33 ± 0.21 NA 207.97 ± 10.16 a

p value ns ns ns ns ** **

Growing season

2016/2017 72.32 ± 0.48 73.45 ± 0.73 0.99 ± 0.01 a 5.10 ± 0.09 b 11.55 ± 0.14 b 194.35 ± 4.21
2017/2018 71.09 ± 1.78 76.09 ± 1.77 0.95 ± 0.02 b 5.46 ± 0.11 a 12.74 ± 0.11 a 185.87 ± 6.39

p value ns ns * * *** ns

Values with different letters are significantly different among cultivars, sampling date (month) or growing season, by LSD-Fisher test
(p < 0.05). Significant level: ns = not significant; * = p < 0.05; ** = p < 0.001; *** = p < 0.0001. NA: Not available data. D: Diameter; H: Height;
D/H: Diameter/Height; PT: Peel thickness; CI: Color index.

The three cultivars yield fairly spherical fruits with a diameter/height ratio close to
1 (Table 1). ‘Valencia Midknight’ and ‘Valencia Delta Seedless’ showed more spherical
fruits than ‘Barberina’, albeit without significant differences. The growing season had a
major impact on shape orange fruits, reaching more spherical fruits (0.99) in 2016/2017
than in 2017/2018 (0.95). Otherwise, peel thickness was significantly different among
cultivars. ‘Valencia Midknight’ showed the highest value of peel thickness, while ‘Valencia
Delta Seedless’ yielded the lowest value of this parameter without significant differences
compared with ‘Barberina’. This parameter increased slightly during the ripening sea-
son without significant differences and was significantly higher during 2017/2018 than
2016/2017 (Table 1).

For color index, ‘Barberina’ produced the lowest value of this parameter significantly
compared with the other two cultivars, while it was similar between ‘Valencia Midknight’
and Valencia Delta Seedless’ without significant differences. This index increased slightly
in March, but it significantly decreased in April. In addition, this parameter was higher
during 2017/2018 than 2016/2017, with significant differences between both growing
seasons (Table 1).

Furthermore, ‘Barberina’ produced the heaviest fruits where compared against the
other two cultivars significantly, followed by ‘Valencia Midknight’ and ‘Valencia Delta
Seedless’. Fruit weight was higher at the end of the ripening season (May), albeit similar to
the fruit weight reached in March, with the lowest value on the first month of this season
(February). Both growing seasons (2016/2017 and 2017/2018) showed similar fruit weight
values without significant differences, although this parameter was slightly higher during
the 2016/2017 growing season (Table 1).
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3.2. Physicochemical Parameters

‘Barberina’ yielded orange fruits with the highest juice content with significant dif-
ferences compared with the other two cultivars (Table 2), whereas ‘Valencia Midknight’
orange fruits recorded significantly the lowest juice. Juice content increased significantly
in April and May compared with February and March. Additionally, juice content was
higher during 2016/2017 than in 2017/2018, with significant differences (Table 2). For
density, this parameter was very similar and stable during the whole ripening season for
all the cultivars assayed without significant differences. Conversely, this parameter was
significantly higher during 2017/2018 than in 2016/2017 (Table 2). Similarly, the amount of
total soluble solids did not differ highly among cultivars, sampling dates and years assayed
(Table 2); nevertheless, it increased over time. Conversely, titratable acidity was higher
for ‘Valencia Delta Seedless’ than the two other cultivars with significant differences. This
parameter decreased along fruit ripening (sampling dates), and it was the lowest value
obtained in May, with significant differences. Otherwise, acidity was similar for both years
assayed (2016/2017 and 2017/2018 growing seasons) (Table 2). Finally, maturity index was
significantly higher for ‘Valencia Midknight’ compared with the two other cultivars. This
index increased during fruit ripening (sampling dates) and was the highest value obtained
in May with significant differences. However, this parameter was similar during both years
assayed (Table 2).

Table 2. Mean of orange fruit physicochemical parameters ± standard error (SE) of each cultivar (‘Barberina’, ‘Valencia
Midknight’ and ‘Valencia Delta Seedless’), each sampling date (February, March, April, May) and each growing season
(2016/2017 and 2017/2018) tested using the same rootstock (Forner-Alcaide no. 5).

Cultivar Juice (%) ± SE Density (g/cc) ± SE TSS (◦Brix) ± SE TA (g 100/cm3) ± SE MI ± SE

‘Barberina’ 49.36 ± 0.62 a 1.02 ± 0.002 10.38 ± 0.10 0.90 ± 0.03 b 11.87 ± 0.38 b
‘Valencia Midknight’ 46.03 ± 0.43 c 1.00 ± 0.009 10.71 ± 0.27 0.84 ± 0.03 b 13.86 ± 0.77 a

‘Valencia Delta Seedless’ 47.77 ± 0.46 b 1.01 ± 0.003 10.58 ± 0.08 0.99 ± 0.03 a 10.92 ± 0.34 b
p value *** ns ns ** ***

Sampling date

February 47.19 ± 0.53 b 1.01 ± 0.003 10.31 ± 0.10 1.08 ± 0.03 a 9.82 ± 0.48 c
March 45.63 ± 0.43 b 1.01 ± 0.004 10.62 ± 0.10 0.87 ± 0.03 b 12.53 ± 0.56 b
April 49.09 ± 0.58 a 1.02 ± 0.003 10.56 ± 0.30 0.85 ± 0.02 bc 13.01 ± 0.43 ab
May 50.19 ± 0.77 a 0.99 ± 0.019 10.90 ± 0.16 0.76 ± 0.03 c 14.70 ± 0.94 a

p value *** ns ns *** ***

Growing season

2016/2017 48.39 ± 0.48 a 1.00 ± 0.005 b 10.40 ± 0.16 0.90 ± 0.02 12.21 ± 0.43
2017/2018 46.82 ± 0.38 b 1.03 ± 0.001 a 10.76 ± 0.09 0.93 ± 0.03 12.17 ± 0.52

p value * *** ns ns ns

Values with different letters are significantly different among cultivars, sampling date (month) or growing season, by LSD-Fisher test
(p < 0.05). Significant level: ns = not significant; * = p < 0.05; ** = p < 0.001; *** = p < 0.0001. TSS: Total Soluble Solids; TA: Titratable Acidity;
MI: Maturity index.

3.3. Organic Acids

Overall, citric acid is the main component of total organic acids in oranges. In particu-
lar, ‘Valencia Midnight’ showed the highest concentration of citric acid compared with other
cultivars, followed by ‘Barberina’ and ‘Valencia Delta Seedless’ (Table 3). No significant
differences were found for this compound in terms of sampling date and season (2016/2017
and 2017/2018). For malic acid, the second major component of total organic acids, no
differences were observed among cultivars among growing seasons, but their concentration
was influenced by the sampling date from February to May, with the highest concentration
being reached in April (Table 3). Oxalic acid concentration was similar among different
cultivars, but this compound achieved the highest values in May, albeit similar to March
or April. Besides, the orange samples harvested on 2016/2017 season showed a higher
oxalic acid content than samples harvested on 2017/2018 season (Table 3). On the other
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hand, the ascorbic acid concentration was impacted by the cultivar, with ‘Valencia Delta
Seedless’ samples being the ones with the higher concentration of ascorbic acid. No effects
were observed on sampling date and year for this parameter (Table 3). In addition, the
tartaric acid concentration was similar among the three cultivars. Regarding sampling
date, the highest concentration of tartaric acid was found for the samples harvested in
May. This parameter reported a higher value in 2016/2017 season than in 2017/2018
(Table 3). The concentration of succinic acid was similar for all cultivars, sampling date and
growing seasons tested (Table 3). The lowest concentration of fumaric acid was obtained
for the ‘Valencia Midknight’ cultivar. The concentration of fumaric acid decreased along
sampling dates, and its content was significantly higher during 2016/2017 seasons (Table 3).
The higher concentration of total organic acids was obtained for the ‘Valencia Midknight’
cultivar, with the lowest value found in February. No significant differences were found
for the values between harvesting years (Table 3).

Table 3. Mean of orange organic acids concentration (mg/100 g FW) ± standard error (SE) of each cultivar (‘Barberina’,
‘Valencia Midknight’ and ‘Valencia Delta Seedless’), each sampling date (February, March, April, May), and each growing
season (2016/2017 and 2017/2018) tested using the same rootstock (Forner-Alcaide no. 5).

Cultivar Citric Acid Malic Acid Oxalic Acid Ascorbic
Acid Tartaric Acid Succinic

Acid
Fumaric

Acid
Total Organic

Acids

‘Barberina’ 191.89 ± 3.06 b 139.30 ± 8.14 42.50 ± 1.31 23.96 ± 0.63 b 15.80 ± 0.57 9.28 ± 0.30 4.90 ± 0.28 a 427.63 ± 10.07 b
‘Valencia

Midknight’ 234.06 ± 3.05 a 135.68 ± 9.69 44.65 ± 1.02 26.54 ± 1.11 b 17.44 ± 0.65 9.88 ± 0.29 4.09 ± 0.24 b 472.34 ± 10.72 a

‘Valencia Delta
Seedless’ 168.80 ± 3.44 c 126.14 ± 6.67 44.06 ± 1.08 30.95 ± 1.23 a 16.77 ± 0.65 9.15 ± 0.34 5.66 ± 0.30 a 401.53 ± 8.38 b
p value *** ns ns *** ns ns *** ***

Sampling date

February 195.43 ± 7.36 76.89 ± 2.98 c 42.03 ± 0.65 b 25.82 ± 0.77 15.75 ± 0.66 b 9.23 ± 0.38 6.46 ± 0.32 a 371.62 ± 6.78 c
March 199.10 ± 7.55 146.38 ± 3.91 b 42.18 ± 1.68 ab 26.83 ± 1.02 16.26 ± 0.45 b 10.08 ± 0.21 5.03 ± 0.29 b 445.86 ± 8.63 ab
April 199.87 ± 6.55 172.10 ± 5.82 a 45.19 ± 1.41 ab 30.74 ± 1.96 16.19 ± 0.75 b 9.26 ± 0.45 4.20 ± 0.17 c 477.55 ± 10.23 a
May 198.98 ± 8.92 139.47 ± 4.81 b 45.71 ± 1.12 a 25.29 ± 1.06 18.64 ± 0.86 a 9.17 ± 0.35 3.79 ± 0.18 c 441.05 ± 11.91 b

p value ns *** * ns ** ns *** ***

Growing season

2016/2017 192.28 ± 5.16 141.48 ± 7.70 46.59 ± 0.56 a 26.41 ± 0.63 17.81 ± 0.54 a 9.62 ± 0.22 5.32 ± 0.25 a 439.50 ± 11.17
2017/2018 204.56 ± 5.25 125.56 ± 5.26 40.84 ± 0.99 b 28.00 ± 1.21 15.53 ± 0.41 b 9.26 ± 0.29 4.44 ± 0.22 b 428.18 ± 6.83

p value ns ns *** ns ** ns * ns

Values with different letters are significantly different among cultivars, sampling date (month) or growing season, by LSD-Fisher test
(p < 0.05). Significant level: ns = not significant; * = p < 0.05; ** = p < 0.001; *** = p < 0.0001.

3.4. Total Phenolic Content

The total phenolic content was similar for all the cultivars assayed. Regarding the
sampling date, total phenolic content decreased slightly along the different months, with
the lowest concentration being in May. Additionally, the concentration of these compounds
was higher during the 2017/2018 season than 2016/2017 for the orange samples harvested
(Table 4A).

3.5. Antioxidant Activity

Changes in antioxidant activity were observed in different orange cultivars with both
antioxidant activity methods (Table 4). Thus ‘Valencia Delta Seedless’ had the highest
values of antioxidant activity, showing significant differences with ‘Valencia Midknight’
(ABTS method) and ‘Barberina’ (ABTS and DPPH methods). Regarding the sampling date,
antioxidant activity was similar for all the months tested, decreasing slightly in May. This
reduction of antioxidant activity was only significant with the DPPH method. Concerning
the growing season, the highest values of antioxidant activity were obtained for 2017/2018
(Table 4).
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Table 4. Mean of nutritional compounds of each cultivar (‘Barberina’, ‘Valencia Midknight’ and
‘Valencia Delta Seedless’), each sampling date (February, March, April, May) and each growing
season (2016/2017 and 2017/2018) tested using the same rootstock (Forner-Alcaide no. 5). (A) Mean
of polyphenol content values (mg GA/100 g) ± standard error (SE). (B) Mean of antioxidant activity
ABTS assay values (mg TROLOX/100 g) ± standard error (SE). (C) Mean of antioxidant activity
DPPH assay values (mg TROLOX/100 g) ± standard error (SE).

Cultivar A. Polyphenols B. ABTS C. DPPH

‘Barberina’ 99.99 ± 1.99 94.75 ± 2.07 b 108.24 ± 1.75 b
‘Valencia Midknight’ 99.90 ± 2.24 99.68 ± 2.37 b 111.75 ± 1.61 ab
‘Valencia Delta Seedless’ 100.34 ± 2.32 109.35 ± 2.81 a 115.39 ± 1.52 a
p value ns *** *

Sampling date

February 105.13 ± 2.20 a 102.82 ± 3.57 113.20 ± 2.26 ab
March 104.87 ± 1.64 a 102.64 ± 3.19 114.54 ± 1.80 a
April 99.12 ± 2.60 a 102.87 ± 2.72 110.92 ± 1.84 ab
May 90.68 ± 1.90 b 96.84 ± 3.03 108.52 ± 1.81 b
p value *** ns *

Growing season

2016/2017 96.00 ± 1.71 b 92.90 ± 1.54 b 108.37 ± 1.15 b
2017/2018 104.28 ± 1.55 a 110.05 ± 1.84 a 115.41 ± 1.39 a
p value *** *** ***

Values with different letters are significantly different among cultivars, sampling date or growing season, by
LSD-Fisher test (p < 0.05). Significant level: ns = not significant; * = p < 0.05; ** = p < 0.001; *** = p < 0.0001.

4. Discussion

Transformation characteristics of citrus fruit ripening are highly related with fruit
growth and color, sugar buildup and/or acid degradation [46]. The results of fruit size
trends evolving into larger diameter are in accordance with previous studies [47,48] and
fulfill the minimum requirements of quality commercial standards for European Union
Countries (R (EU) no. 543/2011 of European Commission, of 7 June 2011) [49] since
the first sampling date (February). Optimal peel thickness is an important parameter of
post-harvest quality, due to the fact that its fruits can be rougher or more sensitive if the
peel is thick or thin, respectively [50]. Additionally, the response of the fruits to water
stress is related to peel thickening, with an advanced maturation and juice fruit content
reduction [51]. Peel coloration results suggest a greener peel color in April, with higher
values for ‘Valencia Midknight’ and ‘Valencia Delta Seedless’ than ‘Barberina’, in line
with a previous study for sweet oranges [50] and included in the maturity requirements
of EU countries and the USA for oranges [52] since the first date sampling (February).
This response could be influenced by different factors, such as the concentration of fruit
carotenoids in different months [5,21,53,54], gibberellins [55], the effect of ethylene [56–58],
carbohydrate availability [55,59,60] and/or plant nutrition [51,61,62].

Regarding morphological fruit quality, ‘Barberina’ showed the highest fruit diameter
and weight, moderate peel thickness and fruit shape similar to ‘Valencia Delta Seedless’ and
‘Valencia Midknight’. Considering that ‘Barberina’ orange fruit recorded the lowest peel
color, fruit harvesting before April, at which time a greening of the fruit is recorded, would
be of greater importance to this cultivar if the fruit were intended for the fresh market.
Nevertheless, in April ‘Barberina’ fruits showed an optimal commercial color index.

Regarding sensory quality, these three cultivars have a remarkable juice content,
specially ‘Barberina’; additionally, they displayed considerable Total Soluble Solids (TSS)
and Titratable Acidity (TA), similarly to results reported in prior studies [17,19]. Likewise,
these juice content and maturity index values uphold and fulfill minimum requirements for
commercial maturity and fruit taste ratios (R (EU) no. 543/2011 of European Commission,
of 7 June 2011), which establish a minimum of 35% of juice content and 6.5 of maturity
index for these orange cultivars [49]. Furthermore, maturity index is a major factor in
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deciding optimal harvest timing due to the fact that citruses are well-known non-climacteric
fruits [5]; therefore, they need to complete full maturation on tree. April appears to be the
most interesting harvest timing when optimal juice content is reached regardless of the
solid soluble total-titratable acidity balance (sensory quality).

In this sense, ‘Barberina’ orange fruits showed the best physicochemical or sensory
quality, recording the highest juice and solid soluble total contents, with a density similar
to the two other cultivars. It showed an intermediate, but optimal titratable acidity, which
induced an index maturity similar to ‘Valencia Delta Seedless’ and lower than ‘Valencia
Midknight’. Therefore, ‘Valencia Midknight’ displayed earlier internal fruit ripening, as a
consequence of lower titratable acidity content.

This work evaluates seven organic acid compounds. Prior studies reported the impor-
tance of organic acids on citrus fruit nutritional quality [63,64], and concentration of these
compounds can be used as a harvest timing indicator [52]. Thus, citric acid has a significant
influence in fruit ripening as well as consumer acceptance. In line with previous studies
into citrus fruits, citric acid was the predominant compound [25,36,65,66], followed by
malic, oxalic, ascorbic, tartaric, succinic and fumaric acid. Following a similar response than
the preceding research, malic acid reported the second concentration of organic acids in
orange fruits [66,67]. In addition, citrus fruits are well-recognized as an important natural
source of Vitamin C (ascorbic + dehydroascorbic acid) [5], which is a major water-soluble
antioxidant component [63,68]. Usually, ascorbic acid concentration is higher in oranges
than other citrus fruits, such as grapefruits or mandarins, with few exceptions [69–71]. In
our case, ascorbic acid ranks as the fourth major organic acid component, while fumaric
acid is the lowest acid compound, which showed high dependency on the sampling date,
as it was found in previous research [36]. On the contrary, other organic acids, such as malic
and tartaric acids, increased during the growing season, reaching the maximum values in
April (malic acid) or May (tartaric acid). This last trend was obtained for total acid organics,
which reached their maximum value in April. Regarding cultivars, ‘Valencia Midknight’
recorded the highest citric acid and total organic acid concentrations; nevertheless ‘Valencia
Delta Seedless’ yielded the highest values of ascorbic and fumaric acid concentrations.

In our results, the concentration of phenolic compounds is in the range of 87 to 110 mg
GA/100 g of fresh weight throughout the ripening season. These values agreed and
not differ widely with the response obtained in recent studies for orange fruits reported
by De Ancos et al. [72] and Ordoñez-Díaz et al. [36]. Nevertheless, it was noted that
phenolic compounds concentration decreases during the fruit ripening season, recording a
significant decline in May.

Antioxidant activity plays a major role as a nutritional factor of fruits [9]. Our results
show similar values of antioxidant activity (ABTS and DPPH), which did not differ widely
among the cultivars tested and sampling dates. However, ‘Valencia Delta Seedless’ dis-
played a higher antioxidant activity, and in all cases greater than ‘Barberina’. Similarly,
‘Valencia Delta Seedless’ reported a higher concentration of ascorbic acid, which could
partially contribute to the antioxidant activity of fruits [36,73,74]. The same behavior was
reported for phenolic compounds, with ‘Valencia Delta Seedless’ showing the highest
values, albeit without significant differences among cultivars. As for the ripening stage,
the antioxidant activity remained stable throughout the trial.

5. Conclusions

This study reports the influence of different cultivars (‘Barberina’, ‘Valencia Midknight’
and ‘Valencia Delta Seedless’), with the same citrus rootstock (Forner-Alcaide no. 5),
ripening stage and harvest season on orange fruit quality parameters. The studied cultivars
differ in fruit quality, specifying the harvest time for each one. Therefore, ‘Barberina’ and
‘Valencia Delta Seedless’ showed better preservation of fruit sensory quality on the tree,
whereas ‘Valencia Midknight’ would require an earlier harvest timing.

Concerning the harvesting period for all cultivars, juice content, total soluble solids
(TSS), and maturity index (MI) increased during the harvesting period, unlike titratable
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acidity (TA) and color index, with April being the more interesting harvest timing. While
the color index decreased in April, it was commercially appropriated for all cultivars. On
the other hand, organic acids concentration was higher from February to April, with April
reporting the highest vitamin C concentration, while antioxidant activity was higher from
March to April and phenolic compounds from February to March. Regarding the harvest
season, parameters such as color index, density, polyphenols and antioxidants obtained a
better response during 2017/2018, whereas the concentration of total organic acids were
slightly higher in 2016/2017.

The three cultivars had different interests depending on the quality required by
the market. Hence, ‘Barberina’ orange fruits showed the highest morphological and
physicochemical quality. Nevertheless, both ‘Valencia Delta Seedless’, with the highest
phenolic compounds, antioxidant activity and ascorbic acid concentration, and ‘Valencia
Midknight’, with the highest total organic acids content, could generate an interest for
the industry, in terms of yielding differentiated products given their greater nutritional
value, an aspect highly that is highly valued by new consumers. Further research will
be involved in the development and overall quality characterization from other new
interesting cultivars and citrus rootstocks under Mediterranean growing conditions.
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