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Abstract: In Europe, the cultivation of blood oranges for fresh consumption is increasing due to their
excellent organoleptic and nutraceutical properties, which give this fruit the status of functional
food. Blood orange has a higher content of bioactive compounds, which confer additional benefits
for human health. The main morphological and qualitative parameters were studied together with
the content of primary metabolites by 1H NMR and secondary metabolites by HPLC-ESI-DAD-MSn

from eight varieties of blood orange grafted on Citrus macrophylla. Tarocco Dalmuso was the variety
with the highest values of weight (350.6 g), caliber (86.4 mm and 88.6 mm) and juice content (214.2 g).
Tarocco Gallo obtained the most interesting qualitative parameters (13.95 ◦Brix; 22.75 MI). The most
intense red juice was in Sanguinelli (a* = 9.45) and, in crust, it was in Tarocco Scirè (a* = 40.13). The
most abundant primary metabolites were proline, aspartate and asparagine, citric acid and sucrose.
The results showed that the juice of the Moro had the highest levels of total flavones and flavanones
(90.07 and 592.88 mg L−1, respectively), and Sanguinelli in total anthocyanins (101.06 mg L−1).
To conclude, Tarocco Dalmuso obtained the best values of agronomic parameters, and Moro and
Sanguinelli in the content of phenolic compounds.

Keywords: amino acid; anthocyanins; blood orange; morphological parameters; organic acid; phenolic
compounds; quality parameters; sugars

1. Introduction

Sweet orange (Citrus sinensis [L.], Osbeck) is the most important Citrus species world-
wide. Its world production is 79 million tons [1]. Sweet orange varieties can be divided into
two main groups which are white orange, grown in almost all Citrus-producing countries
of the world, and blood oranges, grown in a few countries (mainly Italy) where favorable
climatic conditions induce the synthesis of their characteristic red pigment. The antho-
cyanins present in the fruit of the blood orange are water-soluble pigments found within
the flavonoid family and provide the blood orange with its characteristic red coloration in
crust, pulp and juice, as is the case with other fruit trees such as pomegranate [2] or sweet
cherry [3]. The origin of Citrus fruits and, therefore, blood oranges is unclear. The first
known citation of Citrus was related in the “Book of History” of ancient China (500 BC). This
book refers to the imperial mandate (Emperor Ta Yui, 300 BC) on the acquisition of taxes
on two varieties of Citrus fruits of different sizes. After arriving in Europe, specifically in
Italy, the expansion of Citrus fruits to countries such as Spain or France (600 BC) continued
according to the book of Etymologies XVII chapter VII, 8, of San Isidoro de Sevilla, referring
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to Citrus fruits as “Arbor Medica” [4]. The most common and widespread varieties of blood
oranges in the Mediterranean area are “Sanguinelli” in Spain, and “Tarocco” and “Moro”
in Italy. These varieties are consumed worldwide in both fresh produce and juices [5]. The
fruits are medium or small in caliber, elongated or rounded, with a thin crust and orange
dyed red due to the high concentration of anthocyanins [6].

The red pigments conferred by anthocyanins depend on a range of factors, including
variety, rootstocks, maturity, growing region and environment [7,8]. In particular, the con-
trast between day and night temperature is considered a crucial factor in its synthesis [9,10].
In this sense, the dependence of blood oranges on the cold for the biosynthesis of an-
thocyanins has been demonstrated, in which a greater difference between day and night
temperature leads to a higher concentration of total anthocyanins [11]; therefore, Mediter-
ranean climates are the regions of the planet most suitable for the cultivation of blood
oranges. For this reason, Italy is the world’s leading producer of blood orange. Specifi-
cally, in Sicily, there are almost 40,000 ha dedicated to the cultivation of this fruit and this
represents approximately 70% of the total production of sweet orange in Italy.

In Italy, these fruits are mainly consumed fresh thanks to their easy peelability and
their optimal balance between organic acids and sugars. The variety “Moro” is the
one that presents the most intense red color and its juice offers high levels of bioactive
compounds [12], being very important for the human diet as it has an important anti-
inflammatory and anticancer effect [13].

In Spain, the cultivation of blood oranges represents approximately 0.7% of the total
production of oranges, with a total of 952 ha destined for their cultivation [14]. “San-
guinelli”, a spontaneous mutation of “Double Fine” [15], is the most common red orange
variety. In addition, with regard to Spain, it is important to note that, although the produc-
tion of blood orange varieties is still limited, their interest on the part of current consumers
is increasing rapidly in recent years [16] mainly due to their high content of bioactive
compounds beneficial to human health [17,18].

In fact, health problems are the main concern of today’s consumers and they demand
a food supply that can improve their well-being. Fruits, in general, and particularly Citrus
fruits, are important reservoirs of nutrients (amino acids, organic acids or sugars) and other
bioactive compounds with antioxidant properties [19]. Among Citrus fruits, blood oranges
have high concentrations of phytochemicals such as terpenoids (limonoids and carotenoids)
or phenolic compounds (flavones, flavanones or phenolic acids), being especially rich in
anthocyanins that exhibit a powerful antioxidant activity with great benefits for human
health [20]. Anthocyanins give blood oranges high sensory quality and potential health
promoters, such as protection against cancer and cardiovascular disease [21]. Therefore,
anthocyanin levels have become one of the important quality indices affecting consumer
acceptance and marketability of blood oranges [22].

Bearing in mind the above, the main objective of this study is the characterization of
eight varieties of blood oranges, which were grown under the same environmental condi-
tions. Specifically, it was intended to analyze the main morphological parameters of the fruit
and qualitative of the fruit and its juice together with the content of primary metabolites
and secondary metabolites of the juice of the varieties: “Sanguinelli”, “Tarocco Sant’Alfio”,
“Tarocco Dalmuso”, “Tarocco Rosso”, “Tarocco Gallo”, “Tarocco Scirè”, “Tarocco Meli” and
“Moro”, grafted on Citrus macrophylla and cultivated under the environmental conditions
of southeastern Spain.

2. Materials and Methods
2.1. Plant Material and Sample Preparation

Blood oranges varieties “Sanguinelli” (Citrus sinensis (L.) cv. Sanguinelli), which come
from a spontaneous mutation of the Double Fine blood orange (Citrus sinensis (L.) cv.
Double Fine), “Tarocco Sant’Alfio”, “Tarocco Dalmuso”, “Tarocco Rosso”, “Tarocco Gallo”,
“Tarocco Scirè”, “Tarocco Meli” and “Moro” (Citrus sinensis (L.) cv. Tarocco and cv. Moro,
respectively) were collected from plants grafted on Citrus macrophylla and grown in an
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experimental farm located in Orihuela, Alicante (Spain) (38.06733781, −0.98229272). This
farm had an EC of 0.44 dS m−1 (20 ◦C), pH of 7.25, temperature of 12 ◦C and relative
humidity (RH) of 58% at harvest time. In Spain, due to environmental conditions, the stage
of commercial consumption of blood oranges runs from January to March. Therefore, the
samples considered in this study were harvested in January 2023. In this way, the fruit was
harvested manually at the physiological maturity stage, with the aim of ensuring similarity
to commercial standards, it was immediately transported to the laboratory starting its
analysis that same day.

Initially, for all samples, a manual cleaning of the surface of the fruit was carried out
with distilled water, in order to eliminate possible residues of dust and dirt. Subsequently,
we proceeded to the external photographic report, crust color (n = 50) and weight and
caliber of fruit (n = 25). Next, we proceeded to the destructive analysis of the fruit, in which
each fruit was cut in half and determined number of carpels and seeds, crust thickness
(n = 25) and internal photographic report. Then, for each variety of blood orange, the juice
of 25 pieces of fruit was obtained by a commercial juicer. Previously, the 25 fruit pieces
were divided into six replicas (n = 6) for the determination of the qualitative parameters
(pH, TSS, TA, MI and juice color) and for metabolomics analysis (15 mL per replica), which
were stored at −80 ◦C until their analysis.

2.2. Fruit Morphological Characterization

The morphological parameters were determined according to [23]. A digital balance
(model BL-600; Sartorius, Germany) was used for the determination of fruit and crust
weights. Juice weight was determined by the difference between fruit and crust weight.
Number of carpels and seeds was visually counted. An electronic digital slide gauge (model
CD-15 DC; Mitutoyo, Japan) was used to measure the caliber fruit (equatorial diameter and
length of the fruit) and thickness of crust.

2.3. Juice Quality Parameters Dermination

A Crison pH meter model GLP21 (Crison, Barcelona, Spain) was used to measure
the pH of blood orange juice; which was previously calibrated with buffer solution code
9463 (pH 4.01) and code 9464 (pH 7.00). An Atago N1 (0.2 ◦Brix) digital refractometer
(model N-1; Ltd., Tokyo, Japan) was used to measure TSS content. An automatic titrator
(877 Titrino plus, Metrohm, Herisau, Switzerland) was used to measure the TA of the
orange juice; 5 mL of the homogenized blood orange juice was dissolved in 45 mL of
distilled H2O, followed by a pH titration with 0.1 M NaOH to pH 8.1, and the results
were expressed as g of citric acid L−1 because this is the dominant organic acid in blood
oranges [23]. Once the TSS and TA contents had been assessed, the maturity index (MI)
was calculated as the TSS/TA ratio and expressed in g of citric acid per 100 mL.

Color variables were measured using a Minolta C-300 Chroma Meter (Minolta Corp.,
Osaka, Japan) coupled to a DP-301 data processor (Minolta Corp.). Color determinations
were made of both the crust and juice according to the Commission Internationale de l’
Éclairage (CIE) and expressed as L*, a*, b*. These values were then used to calculate Hue
angle degree using the following equation:

H◦ = arctang (b*/a*) (1)

Chroma, indicate of the color intensity or saturation y was calculated using the follow-
ing equation:

C* = (a*2 + b*2)1/2 (2)

According to [24], hue angle (H◦) and chroma (C*) have been cataloged as the most
intuitive color variables. The calculated color index (CI) used the following equation [25]:

CI = 1000 a*/L* b* (3)
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2.4. Analysis of Primary Metabolites by 1H-Nuclear Magnetic Resonance Spectroscopy (1H NMR)

The primary metabolites were analyzed as described above [26] with slight modifica-
tions described below. A volume of 10 mL of the centrifuged blood orange juice (15,000× g
at 4 ◦C for 10 min) was passed through a 0.45 µm filter (Millipore, Burlington, MA, USA).
Then, an aliquot of 130 µL was mixed to 70 µL of D2O phosphate buffer (100 mM KH2PO4,
pH = 6) containing 0.1% of TSP (trimethyl silyl propionic acid sodium salt, w/v) and to
350 µL of CD3OD (tetradeuteromethanol). The sample was vortexed for 2 min and filtered,
and 600 µL was transferred to an 1H NMR tube for further analysis. All 1H NMR spectra
were recorded at 298 K on a Bruker AVIII HD 500 1H NMR spectrometer (500.16 MHz
for 1H) equipped with a 5 mm CryoProbe Prodigy Broadband Observe cryogenic probe
(Biospin; Bruker, Bremen, Germany). The results are reported as g or mg L−1 of blood
orange juice.

2.5. Analysis of Secondary Metabolites by HPLC-Diode Array Detection-Electrospray
Ionization-Mass Spectrometry (HPLC-ESI-DAD-MSn)

The individual phenolic compounds in juice of blood orange varieties analyzed were
performed according to [27] with few modifications described below. A volume of 5 mL
of blood oranges juice was mixed with 5 mL of MeOH, vortexed for 2 min, and then,
the extraction was performed in an ultrasonic bath (2.7 L Ultrasonic cleaner, Toctech,
Cantabria, Spain) for 3 min at room temperature. The resulting heterogeneous mixture
was centrifuged at 1000× g for 5 min and the supernatant passed through a 0.45 µm
filter (Millipore, Burlington, MA, USA) prior to injection into the chromatograph system.
Chromatographic analyses were carried out on a series 1100 HPLC-ESI-DAD-MSn Ion Trap
(Agilent, Waldbronn, Germany); this HPLC system with DAD detector series 1100 was
coupled to a mass spectrometer equipped with an ion trap and an ESI interface). The results
are reported as mg L−1 of blood orange juice.

2.6. Statistical Analysis

Experimental data are presented as the mean of six (pH, TSS, TA, MI, primary and
secondary metabolites) (n = 6), twenty-five (morphological parameters) (n = 25), or fifty
(color parameters) (n = 50) replicates per variety. Statistical analysis was performed by
analysis of variance (ANOVA) and HSD Tukey test was applied to establish significant
differences among mean values at p < 0.05, using the SPSS 28.0 software package. Principal
component analysis (PCA) using Pearson’s correlation was also done using the Stat graphics
Centurion v. 18.1.12.

3. Results
3.1. Morphological and Qualitative Parameters

In this study, the main morphological and qualitative parameters were studied together
with the content of primary and secondary metabolites from 8 varieties of blood orange
(“Sanguinelli”, “Tarocco Sant’Alfio”, “Tarocco Dalmuso”, “Tarocco Rosso”, “Tarocco Gallo”,
“Tarocco Scirè”, “Tarocco Meli” and “Moro”) grafted on Citrus macrophylla and grown under
the environmental conditions of southeastern Spain (Figure 1).

Results corresponding to the morphological and qualitative characterization of the
blood oranges varieties in terms of fruit weight, equatorial diameter, fruit length, crust
thickness, number of carpels, number of seeds, crust weight, juice weight, pH, TSS, TA and
MI (TSS/TA) is shown in Table 1. The average weight for eight blood oranges analyzed
during the January of 2023 season range from 178.3 to 350.6 g. Tarocco Gallo and Tarocco
Scirè showed significantly lower fruit weights (183.2 and 178.3 g, respectively), whereas
Tarocco Dalmuso (350.6 g), followed by Taroco Meli (326.2 g) and Tarocco Rosso (288.0 g),
had a higher mean fruit weight. Fruit equatorial diameters and length oscillated between
70.1 and 69.1 and 86.4 and 88.8 mm, respectively. The crust thickest was in Tarocco Meli
and Moro (6.6 and 5.7 mm, respectively), whereas the thinnest was in Tarocco Dalmuso,
Tarocco Scirè and Tarocco Sant’Alfio (3.5, 4.1 and 4.9 mm, respectively).
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Figure 1. Representative images of the eight blood orange fruits showing the different morphologi-
cal characteristics of Italian varieties ((B)Tarocco Sant�Alfio, (C) Tarocco Dalmuso, (D) Tarocco 
Rosso, (E) Tarocco Gallo, (F) Tarocco Scirè, (G) Tarocco Meli and (H) Moro) versus Spanish variety 
((A) Sanguinelli). 
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thickness, number of carpels, number of seeds, crust weight, juice weight, pH, TSS, TA 
and MI (TSS/TA) is shown in Table 1. The average weight for eight blood oranges analyzed 
during the January of 2023 season range from 178.3 to 350.6 g. Tarocco Gallo and Tarocco 
Scirè showed significantly lower fruit weights (183.2 and 178.3 g, respectively), whereas 
Tarocco Dalmuso (350.6 g), followed by Taroco Meli (326.2 g) and Tarocco Rosso (288.0 g), 
had a higher mean fruit weight. Fruit equatorial diameters and length oscillated between 
70.1 and 69.1 and 86.4 and 88.8 mm, respectively. The crust thickest was in Tarocco Meli 
and Moro (6.6 and 5.7 mm, respectively), whereas the thinnest was in Tarocco Dalmuso, 
Tarocco Scirè and Tarocco Sant�Alfio (3.5, 4.1 and 4.9 mm, respectively). 

Table 1. Morphological and qualitative parameters of eight blood oranges varieties (Sanguinelli, 
Tarocco Sant�Alfio, Tarocco Dalmuso, Tarocco Rosso, Tarocco Gallo, Tarocco Scirè, Tarocco Meli 
and Moro) grafted on Citrus macrophylla. 

Parameters Sanguinelli Tarocco 
Sant’Alfio 

Tarocco  
Dalmuso 

Tarocco 
Rosso 

Tarocco  
Gallo 

Tarocco  
Scirè 

Tarocco 
Meli 

Moro 

Morphological parameters * 
FW (g) 225.4 bcd 256.5 bc 350.6 a 288 ab 183.2 d 178.3 d 326.2 a 223.5 cd 
ED (mm) 74.1 cd 78.4 bc 86.4 a 83.4 bc 72.1 cd 70.1 d 84.5 bc 77.3 bcd 
FL (mm) 82 1.6 ab 80.0 b  88.6 a  77.0 b  69.1 c  68.5 c  88.8 a  75.6 bc  
CT (mm) 5.3 b 4.9 bc  3.5 d 5.3 bc 5.1 bc 4.1 cd 6.6 a  5.7 ab  
NC 11.12 ab 10.41 abc 9.23 c  11.61 a  10.23 abc  9.61 bc  9.34 c 9.35 c 
NS 1.6 a 0.1 b 0.0 b 0.3 b 0.0 b 0.0 b 0.0 b 0.0 b 
CW (g) 89.8 cde  108.1 bcd 151.2 a 124.3 abc 80.1 de 63.5 e  143.3 ab 109.4 bcd 
JW (w:w) 131.2 bc 176.5 abc 214.2 a 159.5 abc 106.2 c 115.8 c 198.6 ab 110.2 c 
Qualitative parameters ** 
pH 3.91 b 4.23 ab 4.10 ab 3.91 b 4.42 a 4.27 ab 3.83 b 4.11 ab 
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TA (g citric 
acid L−1) 

15.43 a 12.81 ab 10.52 bc 9.22 cd 6.13 d 11.13 bc 15.42 a 10.14 bc 

MI (TSS/TA) 6.52 e 9.61 cde 11.88 bc 14.09 b 22.75 a 11.68 bcd 7.13 de 11.76 bcd 
Note: FW: fruit weight; ED: equatorial diameter; FL: fruit length; CT: crust thickness; NC: number 
of carpels; NS: number of seeds; CW: crust weight; JW: juice weight; TSS: total soluble solids; TA: 
titratable acidity and MI: maturity index. Data are the mean (* n = 25 or ** n = 6). Values within the 
same row that present the same letter are not significantly different according to the HSD Tukey test 
with a confidence level of 95%. 
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Figure 1. Representative images of the eight blood orange fruits showing the different morpho-
logical characteristics of Italian varieties ((B) Tarocco Sant’Alfio, (C) Tarocco Dalmuso, (D) Tarocco
Rosso, (E) Tarocco Gallo, (F) Tarocco Scirè, (G) Tarocco Meli and (H) Moro) versus Spanish variety
((A) Sanguinelli).

Table 1. Morphological and qualitative parameters of eight blood oranges varieties (Sanguinelli,
Tarocco Sant’Alfio, Tarocco Dalmuso, Tarocco Rosso, Tarocco Gallo, Tarocco Scirè, Tarocco Meli and
Moro) grafted on Citrus macrophylla.

Parameters Sanguinelli Tarocco
Sant’Alfio

Tarocco
Dalmuso

Tarocco
Rosso

Tarocco
Gallo

Tarocco
Scirè

Tarocco
Meli Moro

Morphological parameters *

FW (g) 225.4 bcd 256.5 bc 350.6 a 288 ab 183.2 d 178.3 d 326.2 a 223.5 cd
ED (mm) 74.1 cd 78.4 bc 86.4 a 83.4 bc 72.1 cd 70.1 d 84.5 bc 77.3 bcd
FL (mm) 82 1.6 ab 80.0 b 88.6 a 77.0 b 69.1 c 68.5 c 88.8 a 75.6 bc
CT (mm) 5.3 b 4.9 bc 3.5 d 5.3 bc 5.1 bc 4.1 cd 6.6 a 5.7 ab
NC 11.12 ab 10.41 abc 9.23 c 11.61 a 10.23 abc 9.61 bc 9.34 c 9.35 c
NS 1.6 a 0.1 b 0.0 b 0.3 b 0.0 b 0.0 b 0.0 b 0.0 b
CW (g) 89.8 cde 108.1 bcd 151.2 a 124.3 abc 80.1 de 63.5 e 143.3 ab 109.4 bcd
JW (w:w) 131.2 bc 176.5 abc 214.2 a 159.5 abc 106.2 c 115.8 c 198.6 ab 110.2 c

Qualitative parameters **

pH 3.91 b 4.23 ab 4.10 ab 3.91 b 4.42 a 4.27 ab 3.83 b 4.11 ab
TSS (◦Brix) 10.11 b 12.32 ab 12.52 ab 13.00 ab 13.95 a 13.00 ab 11.00 ab 11.93 ab
TA (g citric acid L−1) 15.43 a 12.81 ab 10.52 bc 9.22 cd 6.13 d 11.13 bc 15.42 a 10.14 bc
MI (TSS/TA) 6.52 e 9.61 cde 11.88 bc 14.09 b 22.75 a 11.68 bcd 7.13 de 11.76 bcd

Note: FW: fruit weight; ED: equatorial diameter; FL: fruit length; CT: crust thickness; NC: number of carpels;
NS: number of seeds; CW: crust weight; JW: juice weight; TSS: total soluble solids; TA: titratable acidity and MI:
maturity index. Data are the mean (* n = 25 or ** n = 6). Values within the same row that present the same letter
are not significantly different according to the HSD Tukey test with a confidence level of 95%.

The range of pH values in the samples of blood oranges varieties studied was between
3.83 and 4.42 (Tarocco Meli and Tarocco Gallo, respectively), highlighting the variety
Tarocco Gallo. Concerning the values of TSS and TA, fruits of Tarocco Gallo showed
the highest TSS content (13.95 ◦Brix), whereas Sanguinelli fruits recorded the lowest TSS
(10.11 ◦Brix). At the end of sampling, all the pigmented varieties registered values of
total acidity of between 6.13 and 15.43 g citric acid L−1 (Tarocco Gallo and Sanguinelli,
respectively, Table 1). Maturity index (MI) values, calculated as TSS/TA and expressed
in grams of citric acid per 100 mL, are not similar in all samples analyzed. For example,
Tarocco Gallo showed the highest MI (22.75), whereas Sanguinelli or Tarocco Meli fruits
recorded the lowest MI (6.52 and 7.13, respectively) (Table 1).

3.2. External Crust and Juice Color

Results corresponding to the crust and juice color, all properties are summarized in
Table 2. In the crust color parameters, Tarocco Dalmuso variety showed the lowest values
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of parameter a* and the highest values of parameter b* (30.17 and 56.72, respectively). In the
following order, Moro, Tarocco Rosso and Sanguinelli showed the lowest L* value (51.41,
52.38 and 55.69, respectively) and Tarocco Dalmuso showed the highest L* value. In order to
saturation index C*, Moro variety showed the lowest value (50.31), by the contrary Tarocco
Scirè and Tarocco Sant’Alfio showed the highest values (66.37 and 66.29, respectively).
Relative to H◦ parameter, the values were kept in a range between 47.31 and 61.94. The
highest color index (CI) values were observed in fruits of Tarocco Rosso (18.85) and Moro
(18.84) and the lowest CI value was showed in fruits of Tarocco Dalmuso (8.29).

Table 2. Color parameters in crust and juice of eight blood orange varieties (Sanguinelli, Tarocco
Sant’Alfio, Tarocco Dalmuso, Tarocco Rosso, Tarocco Gallo, Tarocco Scirè, Tarocco Meli and Moro)
grafted on Citrus macrophylla.

Color Sanguinelli Tarocco
Sant’Alfio

Tarocco
Dalmuso

Tarocco
Rosso

Tarocco
Gallo

Tarocco
Scirè

Tarocco
Meli Moro

Crust

L* 55.69 b 64.20 a 65.21 a 52.38 b 59.76 ab 59.64 ab 62.61 a 51.41 b

a* 34.15 bcd 33.74 bcd 30.17 d 36.75 ab 34.78 c 40.13 a 30.69 cd 33.46 bcd
b* 39.59 b 56.83 a 56.72 a 39.35 b 50.61 a 52.77 a 55.72 a 37.14 b

C* 52.51 b 66.29 a 64.37 a 54.14 b 61.66 a 66.37 a 63.90 a 50.31 b
H◦ 48.23 d 59.01 abc 61.94 a 46.48 d 55.24 bc 52.66 cd 60.75 ab 47.31 d
CI 16.98 ab 9.57 c 8.29 c 18.85 a 11.95 bc 12.92 bc 9.29 c 18.84 a

Juice

L* 39.08 e 46.21 ab 44.91 bc 42.86 d 47.86 a 43.94 cd 44.35 cd 36.30 f
a* 9.45 a 4.77 c 6.29 b 5.50 bc 1.46 e 5.74 bc 3.34 d 8.51 a
b* 5.57 d 15.08 ab 13.36 b 10.29 c 17.09 a 13.01 b 13.00 b 3.45 d
C* 10.99 ef 15.85 ab 14.80 bc 11.67 de 17.16 a 14.33 bc 13.46 cd 9.19 f
H◦ 30.53 d 72.37 b 64.26 c 61.98 d 85.21 a 65.60 c 75.53 b 21.79 e
CI 43.99 b 6.91 cde 10.90 cd 12.43 c 1.74 e 10.59 cd 5.85 de 69.53 a

Note: data are the mean (n = 50). Values within the same row that present the same letter are not significantly
different according to the HSD Tukey test with a confidence level of 95%.

In the juice color parameters (Table 2), Tarocco Gallo variety showed the lowest values
of parameter a* (1.46) and the highest b* values (17.09). The profiles of L* and H◦ parameter,
show the same behavior with a* and b* parameters, being Tarocco Gallo (47.86 and 85.21,
respectively), the variety with the highest values analyzed while the Moro (36.30 and 21.79,
respectively) showed lower values analyzed. In order to saturation index C*, except de
Moro (9.19) and Tarocco Gallo (17.09), all samples studied showed similar levels. Moro
(69.53) and Sanguinelli (49.99) showed the highest color index (CI) values and Tarocco
Gallo (1.79) and Tarocco Sant’Alfio (6.91) showed the lowest CI value.

3.3. Primary Metabolites Content in Juice

Figure 2 shows the amino acids, organic acids and sugars total content that were
identified and quantified in the varieties. In relation to the amino acids total content
(Figure 2A), it was observed that the values were between 3821.64 mg L−1 in Tarocco
Sant’Alfio and 2256.88 mg L−1 in Tarocco Moro. Statistically significant differences (p < 0.05)
were observed between some of the total amino acid contents. The highest total con-
tents were observed in Tarocco Sant’Alfio (3821.64 mg L−1) followed by Tarocco Dalmuso
(3589.14 mg L−1) and Sanguinelli (3400.44 mg L−1), the lowest total contents were ob-
tained in Tarocco Moro (2256.88 mg L−1) and Tarocco Meli (2300.48 mg L−1). The rest
of the varieties showed an amino acids total content that remained between 2456.05 and
2707.04 mg L−1.
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Regarding the organic acids total contents (Figure 2B), values ranging from 14.60 g L−1

in Tarocco Meli to 7.28 g L−1 in Tarocco Gallo were obtained. Statistically significant
differences (p < 0.05) were also observed between the total organic acid content in some of
the varieties studied. The highest total contents were observed in Tarocco Meli (14.60 g L−1)
followed by Tarocco Sant’Alfio (12.75 g L−1) and Tarocco Moro (12.75 g L−1), and the lowest
total contents were obtained in the varieties Tarocco Gallo (7.28 g L−1) and Tarocco Rosso
(8.43 g L−1). The rest of the varieties showed an organic acids total content between
11.97 and 10.98 g L−1, without statistically significant differences (p > 0.05).

Figure 2C shows the sugars total contents quantified in the varieties of blood oranges.
Thus, sugars total contents between 90.44 g L−1 in Tarocco Gallo and 66.78 g L−1 in
Sanguinelli were observed. As in amino acids and organic acids, statistically significant
differences (p < 0.05) were also observed in sugars between some of the varieties studied.
The highest total sugar contents were observed in Tarocco Gallo (90.44 g L−1) followed by
Tarocco Scirè (89.56 g L−1) and Tarocco Moro (83.49 g L−1), and the lowest contents were
obtained in the Sanguinelli (66.78 g L−1) and Tarocco Sant’Alfio (74.59 g L−1) varieties. The
rest of the varieties showed a total content that remained in a range between 82.55 and
79.64 g L−1 and were not statistically significant differences (p > 0.05).

Table 3 shows the amino acids, organic acids, sugars and others metabolites individual
content that were identified and quantified in the eight varieties of blood oranges. In
this study, 10 essential amino acids were identified and quantified in terms of the total
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essential amino acids in blood orange varieties. In Table 3 shows that proline and aspartate
were the amino acids that were detected in higher concentrations; their concentrations
oscillated from 1093.88 mg L−1 in Tarocco Gallo to 651.27 mg L−1 in Tarocco Rosso for
proline and, 1038.07 mg L−1 in Tarocco Dalmuso and 422.94 mg L−1 in Tarocco Scirè
for aspartate. Arginine and asparagine were the next amino acids that were detected
in higher concentrations, with values ranging from 827.15 mg L−1 in Tarocco Sant’Alfio
to 433.21 mg L−1 in Sanguinelli for arginine, and between 1037.01 mg L−1 in Tarocco
Sant’Alfio and 266.84 mg L−1 in Moro for asparagine. Glutamine also presented a high
concentration, with values ranging from 249.78 mg L−1 in Tarocco Scirè to 334.65 mg L−1

in Sanguinelli. Alanine obtained lower concentrations with respect to the concentrations
of the amino acids described above, with values between 88.31 mg L−1 in Sanguinelli
and 29.88 mg L−1 in Tarocco Meli. Valine, isoleucine and leucine presented the lowest
concentrations of all amino acids identified in blood orange varieties, with values ranging
from 5.72 mg L−1 in Tarocco Gallo to 12.51 mg L−1 in Sanguinelli, 2.42 mg L−1 in Tarocco
Meli and Tarocco Dalmuso at 4.00 mg L−1 in Tarocco Gallo, and from 1.01 mg L−1 in Moro
to 2.42 mg L−1 in Tarocco Sant’Alfio, respectively.

Table 3. Individual content of amino acids, organic acids, sugars and others metabolites in juice
of eight blood orange varieties (Sanguinelli, Tarocco Sant’Alfio, Tarocco Dalmuso, Tarocco Rosso,
Tarocco Gallo, Tarocco Scirè, Tarocco Meli and Moro) grafted on Citrus macrophylla.

Primary
Metabolite Sanguinelli Tarocco

Sant’Alfio
Tarocco

Dalmuso
Tarocco
Rosso

Tarocco
Gallo

Tarocco
Scirè

Tarocco
Meli Moro

Amino acids (mg L−1)

Alanine 88.31 a 39.79 c 63.41 b 33.86 c 45.26 bc 47.34 bc 29.88 c 41.43 c
Arginine 433.91 c 827.15 a 681.51 b 739.33 ab 388.42 c 465.06 c 710.58 b 438.98 c
Asparagine 990.21 a 1037.01 a 406.47 c 392.10 c 439.12 bc 342.90 c 613.20 b 266.84 c
Aspartate 811.08 ab 754.97 b 1038.07 a 804.44 ab 426.49 c 422.94 c 616.57 bc 772.48 ab
Glutamine 334.65 a 313.68 a 304.09 a ND 250.68 ab 249.78 ab 264.89 ab 179.88 b
Isoleucine 3.50 ab 2.62 ab 2.42 b 2.55 ab 4.00 ab 4.76 a 2.42 b 3.23 ab
Leucine ND 2.42 a 1.71 ab ND ND ND 1.16 b 1.01 b
Proline 691.44 bc 837.48 ab 1041.61 a 651.27 bc 1093.88 a 860.44 ab 667.67 bc 516.77 c
Tyrosine 34.83 c ND 41.16 b 32.96 c 53.47 a 51.86 a ND 29.53 c
Valine 12.51 a 6.49 c 8.69 bc 6.53 c 5.72 c 10.97 ab 7.31 c 6.73 c

Organics acids (g L−1)

Citrate 11.96 b 12.75ab 11.43 b 8.43 b 7.28 d 10.98 bc 14.60 a 12.75 ab
Lactate 0.0121 a 0.0098 bc 0.0101 b 0.0079 cd 0.0088 bc 0.0089 bc 0.0065 d 0.0082 bcd

Sugars (g L−1)

Fructose 19.18 c 18.07 c 19.55 c 20.67 bc 26.24 a 25.00 ab 19.66 c 22.54 abc
Glucose 16.64 d 17.16 d 18.24 cd 19.89 bcd 26.20 a 24.08 ab 18.66 cd 21.89 abc
Sucrose 30.02 b 37.85 a 40.14 a 40.32 a 36.49 ab 38.96 a 37.38 a 38.10 a
Myo-
inostol 0.94 b 1.51 a 1.71 a 1.67 a 1.51 a 1.52 a 0.89 b 0.96 b

Gluc/Fruc 0.86 b 0.94 ab 0.93 ab 0.99 a 0.99 a 0.96 a 0.94 ab 0.97 a
Gluc/Suc 0.55 bc 0.45 c 0.45 c 0.49 c 0.72 a 0.63 b 0.50 c 0.57 bc

Others (mg L−1)

Choline 9.20 b 7.19 b 13.71 a 13.41 a 12.81 a 12.54 ab 7.21 b 6.38 b
Ethanol 348.45 a 86.49 c 350.84 a 176.07 b 89.43 c 213.96 b 73.87 c 214.10 b
Trigonelline 4.30 b 2.19 c 6.79 a 1.64 c 4.36 b 3.79 b 3.10 bc 4.26 b

Note: data are the mean (n = 6). Values within the same row that present the same letter are not significantly
different according to the HSD Tukey test with a confidence level of 95%. ND: not determinate by small quantity
(<10 mM).

Two organic acids were separated and identified in the red orange juices of the varieties
studied: citric acid and lactic acid (Table 3). Citric acid was the main organic acid found
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and its concentration oscillated from 14.60 g L−1 in Tarocco Meli to 7.28 g L−1 in Tarocco
Gallo. The rest of the concentrations remained in the range of 8.43 and 12.75 g−1, showing
statistically significant differences (p < 0.05) in some of these varieties. Lactic acid was the
second most abundant identified organic acid in red orange juices of the varieties studied
and remained in a range of 0.0065 g L−1 in Tarocco Meli to 0.0121 g L−1 in Sanguinelli. The
rest of the main organic acids present in Citrus fruits were not detected by 1H NMR as they
presented a concentration lower than 10 mM.

Fructose, glucose, sucrose and myo-inositol were determined as sugar components in
red orange juices of the eight varieties studied (Table 3). The main sugar was sucrose and its
concentration oscillated from 40.32 g L−1 in Tarocco Rosso to 30.02 g L−1 in Sanguinelli. The
rest of the concentrations remained between 40.14 g L−1 in Tarocco Dalmuso and 36.49 g L−1

in Tarocco Gallo, showing statistically significant differences (p < 0.05) in some of these
varieties. The second highest concentration of individual sugars was observed in fructose,
whose concentration oscillated from 18.07 g L−1 in Tarocco Sant’Alfio to 26.24 g L−1 in
Tarocco Gallo. The third highest concentration of individual sugars presented by the
varieties of blood oranges was glucose, whose concentrations oscillated from 16.64 g L−1

in Sanguinelli to 26.20 g L−1 in Tarocco Gallo. Myo-inositol was identified and quantified
at much lower concentrations than the rest of the sugars detected, showing a range of
concentrations that varied from 0.89 in Tarocco Meli to 1.71 in Tarocco Dalmuso. The ratios
Glu/Fru and Glu/Suc were maintained, with values ranging from 0.86 (Sanguinelli) to 0.99
(Tarocco Gallo and Tarocco Rosso), and 0.45 (Tarocco Sant’Alfio and Tarocco Dalmuso) to
0.72 (Tarocco Gallo), respectively.

In addition to amino acids, organic acids and sugars, three other individual primary
metabolites were also identified: choline, ethanol and trigonelline (Table 3). Of the three
metabolites, the one that showed the highest concentration was ethanol, with values rang-
ing from 73.87 mg L−1 in Tarocco Meli to 350.84 mg L−1 in Tarocco Dalmuso. The second
highest concentration of these metabolites was detected in choline, whose concentrations
oscillated from 7.19 mg L−1 in Tarocco Sant’Alfio to 13.71 mg L−1 in Tarocco Dalmuso.
Finally, trigonelline was also identified and quantified at concentrations ranging from
1.64 mg L−1 in Tarocco Rosso to 4.36 mg L−1 in Tarocco Gallo.

3.4. Secondary Metabolites Content in Juice

The total content of anthocyanins, flavones and flavanones is shown in Figure 3.
The highest anthocyanin content was observed in Sanguinelli (101.06 mg L−1) and the
second highest content in Moro (90.14 mg L−1). The total contents of anthocyanins in both
varieties were much higher than those observed in the rest of the varieties analyzed, whose
values oscillated between 4.66 mg L−1 and 23.8 mg L−1 for Tarocco Sant’Alfio and Tarocco
Dalmuso, respectively. In Tarocco Gallo, not anthocyanins were detected (Figure 3A).

Flavones oscillated significantly from 62.74 mg L−1 to 111.75 mg L−1. The Tarocco
Dalmuso variety was the lowest in this chemical marker matrix, followed by Tarocco
Sant’Al-fio, Tarocco Meli, Tarocco Gallo, Sanguinelli and Moro whose values were all below
100 mg L−1. The highest values, greater than 100 mg L−1, were found in Tarocco Scirè,
followed by Tarocco Rosso (Figure 3B).

Of the three classes of phenolic compounds detected and quantified, flavanones had
the highest concentrations (Figure 3C). Total flavanone contents varied significantly from
592.88 mg L−1 to 140.66 mg L−1. Considering flavanones, the highest concentration was
in Moro (592.88 mg L−1), followed by Sanguinelli (555.02 mg L−1) both varieties without
statistically significant differences (p < 0.05), while the lowest concentration was in Tarocco
Gallo (140.66 mg L−1).
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The different subclasses of phenolic compounds found in blood orange varieties are
listed in Table 4. In total, 6 individual compounds were detected, quantified and divided
into three subclasses: anthocyanins, flavones and flavanones. Cyanidin 3-O-sophoroside
showed the lowest contents of the 6 flavonoids identified in the varieties studied, with the
exception of Sanguinelli and Moro. In this sense, among all the varieties analyzed, the
lowest concentrations of anthocyanins were observed in Tarocco Sant’Alfio, with cyanidin
3-O-sophoroside values of 1.79 mg L−1 and cyanidin 3-O-(6”-acetyl-glucoside) values of
2.87 mg L−1, while Sanguinelli and Moro, which had the deepest red juice color, presented
the highest content of cyanidin 3-O-sophoroside (36.35 and 26.36 mg L−1, respectively) and
cyanidin 3-O-(6”-acetyl-glucoside) (64.71 and 66.78 mg L−1, respectively) (Table 4).

Among the three flavonoid groups found in the 8 varieties analyzed, the predom-
inant was hesperidin (7-rutinoside), a flavanone glycoside. In our results, the highest
values, close to 500 mg L−1, were found in the Sanguinelli (495.05 mg L−1) and Moro
(472.79 mg L−1). The rest of the varieties showed values between 371.65 mg L−1 (Tarocco
Meli) and 92.67 mg L−1 (Tarocco Gallo). On the other hand, vicenin 2 (apigenin 6,8-di-
C-glycoside) was the only flavone identified and quantified, and remained in a range of
values between 62.74 (Tarocco Dalmuso) and 111.75 mg L−1 (Tarocco Scirè) (Table 4).
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Table 4. Individual content of anthocyanins, flavones, and flavanones in juice of eight blood orange
varieties (Sanguinelli, Tarocco Sant’Alfio, Tarocco Dalmuso, Tarocco Rosso, Tarocco Gallo, Tarocco
Scirè, Tarocco Meli and Moro) grafted on Citrus macrophylla.

Secondary
Metabolite

Rt
(min)

UV/Vis
(nm)

[M+H]+

(m/z) Sanguinelli Tarocco
Sant’Alfio

Tarocco
Dalmuso

Tarocco
Rosso

Tarocco
Gallo

Tarocco
Scirè

Tarocco
Meli Moro

Anthocyanins (mg L−1)

Cyanidin 3-O-
sophoroside 9.7 520 609 36.35 a 1.79 b 8.94 b 8.33 b ND 5.01 b 0.72 b 23.36 a

Cyanidin
3-O-(6”-acetyl-

glucoside)
12.9 520 489 64.71 a 2.87 b 14.82 b 8.05 b ND 7.37 b 2.20 b 66.78 a

Flavones (mg L−1)

Vicenin 2
(apigenin 6,8-di-

C-glycoside)
10.9 290 593 85.48 d 70.11 dc 62.74 d 108.46 ab 80.93 dc 111.75 a 77.76 dc 90.07 bc

Flavanones (mg L−1)

Narirutin
(naringenin-7-

rutinoside)
16.2 290 579 49.04 d 67.42 c 44.82 d 69.65 c 43.24 d 88.42 b 68.34 c 92.77 a

Hesperidin
(7-rutinoside) 17.6 290 609 495.05 a 285.79 c 112.26 e 193.28 de 92.67 e 160.57 e 371.65 bc 472.79 ab

Didymin
(naringenin-40-

methyl-ether
7-rutinoside)

22.3 290 593 10.93 bcd 15.55 b 6.39 cd 15.71 b 4.75 d 12.30 bc 27.10 a 27.32 a

Note: data are the mean (n = 6). Values within the same row that present the same letter are not significantly
different according to the HSD Tukey test with a confidence level of 95%. ND: not determinate by small quantity.

3.5. Principal Component Analysis (PCA)

The results of the PCA for the classification by varieties showed that the first two
main components (PC) explained 73.76% of the total variation in the morphological and
qualitative parameters (Figure 4A) and 56.58% for primary and secondary metabolites
(Figure 4B). In addition, both figures represented Pearson’s correlation among varieties, is a
very useful statistical tool to established relationships among attributes that define samples
characteristics.

In Figure 4A, PC1 (43.75% of variance explained) was positively correlated mainly with
the variables L*, b*, H◦, C* of crust and juice color. However, it was negatively correlated
mainly with the variables CI of crust and juice color and crust thickness. PC2 (30.01% of
variance explained) was positively correlated mainly with the variables pH, MI and a*

of crust color. In contrast, PC2 was negatively correlated mainly with the variables fruit
weight, fruit length, titratable acidity, crust and weight. Additionally, Figure 4A shows
Pearson’s correlation between the varieties of blood oranges in the trial in which three
groups were established with a correlation >90.0%: (a) Sanguinelli, Tarocco Rosso and
Moro, (b) Tarocco Gallo and Tarocco Scirè, and (c) Tarocco Dalmuso, Tarocco Meli and
Tarocco Sant’Alfio.

In Figure 4B, PC1 (30.47% of variance explained) was positively correlated mainly with
the variables asparagine, aspartate, citric acid, hesperidin, cyanidin 3-O-sophoroside and
cyanidin 3-O-(6”-acetyl-glucoside). In contrast, it was negatively correlated mainly with
the variables tyrosine, fructose, glucose, myo-inositol and choline. PC2 (26.11% of variance
explained) was positively correlated mainly with the variables alanine, tyrosine, valine,
lactic acid and ethanol. However, PC2 was negatively correlated mainly with the variables
arginine, sucrose and didymin (naringenin-40-methyl-ether 7-rutinoside). In addition,
Figure 4B also shows Pearson’s correlation between blood orange varieties in which four
groups were established with a correlation >90.0%: (a) Tarocco Gallo and Tarocco Scirè,
(b) Tarocco Dalmuso, (c) Tarocco Sant’Alfio, Tarocco Rosso, Tarocco Meli and Moro, and
(d) Sanguinelli.
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(SAN: Sanguinelli; SAN: Tarocco Sant’Alfio; DAL: Tarocco Dalmuso; TROS: Tarocco Rosso; TGA:
Tarocco Gallo; TSC: Tarocco Scirè; TME: Tarocco Meli; MOR: Moro) grafted on Citrus macrophylla.
Data set: FW: fruit weight; ED: equatorial diameter; FL: fruit length; CT: crust thickness; NC: number
of carpels; NS: number of seeds; CW: crust weight; JW: juice weight; TSS: total soluble solids; TA:
titratable acidity and MI: maturity index; L*, a*, b*, H◦, C* and CI (CC): crust color; L*, a*, b*, H◦, C*

and CI (JC): juice color; Ala: alanine; Arg: arginine; Asp: asparagine; Asn: aspartate; Glu: glutamine;
Iso: isoleucine; Leu: leucine; Pro: proline; Tyr: tyrosine; Val: valine; Cit: citric acid; Lac: lactic acid;
Fruc: fructose; Gluc: glucose; Sucr: sucrose; Myo: myo-inositol; Cho: choline; Eth: ethanol; Tri:
trigonelline; Cya-sop: cyanidin 3-O-sophoroside; Cya-ace: cyanidin 3-O-(6”-acetyl-glucoside); Vice:
vicenin 2 (apigenin 6,8-di-C-glycoside); Nari: narirutin (naringenin-7-rutinoside); Hesp: hesperidin
(7-rutinoside); Didy: didymin (naringenin-40-methyl-ether 7-rutinoside).

4. Discussion

Blood orange fruits are beneficial for human health due to their high content of amino
acids, organic acids, sugars or phenolic compounds, among other bioactive compounds.
The parameters studied indicated that the genotype substantially influenced the fruit
quality and primary and secondary metabolites content. In this sense and in general,
statistically significant differences were found (p < 0.05) between the different parameters
and metabolites analyzed of blood orange varieties.

Morphological parameters of the fruit plays an important role in consumer preferences
when buying fruit because different fruit caliber can satisfy diferent types of consumers [28].
In relation to the fruit average weight, Tarocco Dalmuso (350.6 g), Tarosso Meli (326.2 g)
and Tarocco Rosso (288 g) (Table 1) were the varieties that presented the highest values,
being similar to those described by other authors [23]. Tarocco Scirè and Tarocco Gallo
were characterized by the small caliber of the fruit (70.1 mm and 68.5 mm, and 72.1 mm
and 69.1 mm, respectively) (Table 1), which limits its use for the fresh market, however,
may be suitable for processing and obtaining juice [29]. In this study, some of the varieties
were isodiametric such as Moro or Tarocco Scirè, and others were more elongated such
as Sanguinelli. Tarocco Meli and Moro showed the thickest crust (6.6 mm and 5.7 mm,
respectively) (Table 1). Therefore, these varieties are the most suitable for transport to
distant markets due to their greater resistance to mechanical damage [30]; however, they
presented the most complicated peelability. In contrast, Tarocco Dalmuso and Tarocco Scirè
were the varieties with the thinnest crust (3.5 mm and 4.1 mm, respectively) (Table 1) and
easier peelability. These results are in line with those stated by [31], who suggested that
Tarocco varieties have a particularly thin crust thickness, which can be interesting from a
commercial point of view by providing the piece of fruit with easy peelability, an attribute
very attractive to consumers. Another particularly interesting attribute presented by these
varieties was the total or almost total absence of seeds along with the high juice content,
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especially in Tarocco Dalmuso (214.2 g of juice and seedless) and Tarocco Meli (198.6 g of
juice and seedless) (Table 1).

pH, TSS, TA and MI are the most relevant in the quality of the juice [23]. In the present
study, we observed pH values from 3.83 in Tarocco Meli to 4.42 in Tarocco Gallo (Table 1).
These results are similar to other blood orange varieties such as Moro and Tarocco Messina
both from Italy [17], Sanguinello from Turkey [5] and Tarocco Rosso and Tarocco Ippolito
from Spain [18]. The TSS values in the varieties studied, with the exception of Sanguinelli
(10.1 ◦Brix) and Tarocco Gallo (13.95 ◦Brix), were shown without statistically significant
differences (p > 0.05), ranging between 11–13 ◦Brix (Table 1). These data are similar with
those suggested by other authors such as [5] for Moro and Sanguinello; and similar values
to those described by other authors [32]. In this sense, [22] stated that the TSS values
of blood and white orange varieties generally range between 11–15 ◦Brix, depending on
maturity, environmental conditions or agronomic practices. In relation to the TA values of
the blood orange varieties characterized in this study, it was observed that these values
were maintained with a total acidity between 6.3 (Tarocco Gallo) and 15.4 (Sanguinelli) g of
citric acid L−1 (Table 1). The difference in acidity values that occurred between the different
varieties studied could probably be due to the difference between the physiological and
developmental states of the fruit or by its orientation on the tree [23]. The characteristic
taste of red orange juice shows a high acidity, clearly different from the acidity that can be
seen in white orange varieties. In fact, at physiological maturity, white orange varieties
normally reach values well below 10 g of citric acid L−1 thus ensuring sweetness [33]. This
is confirmed by the TSS/TA ratio which is defined as maturity index or MI. This ratio is
an important qualitative parameter of Citrus fruits and is the most widely used method
for estimating the Citrus maturity level [34]. In this sense, the European Commission (EC)
determined the maturity requirements for orange fruits and, among these requirements,
the minimum sugar/acid ratio for commercialization is 6.5, regardless of cultivar or fruit
type (blood or white orange) [35]. In this study, the highest MI value was observed in
Tarocco Gallo (22.75) (Table 1), being very similar to that described by [36] in white orange
grafted on rootstock FA41. On the other hand, the lowest values of MI were obtained in
Sanguinelli (6.52) and Tarocco Meli (7.13) (Table 1) being similar to those described by [23]
in Doble Fina and Entrefina. The rest of the varieties studied were between 9.2 and 14.1
(Table 1); these values being very similar to those described by [32] for other varieties of
blood oranges, such as Tarocco Scirè.

In the agri-food industry, appearance, which includes color, is used decisively as
a criterion for selecting fruit pieces [18]. In this sense, the pigmentation of the fruit, an
important part of the appearance since it gives it its characteristic color, is highly appreciated
for its high nutritional value that is the result of the presence of bioactive compounds [37].
In addition, the color of the rind has been widely used as an indicator of fruit maturity
in blood orange varieties [23]. The intensity of the pigmentation of the fruit (crust) and
its juice depends on several factors such as: variety, rootstock, soil, stress biotic or abiotic,
climate or weather conditions. The instrumental measurement of color in blood orange
juice through the analysis of CIELAB color parameters (L*, a*, b*) allows estimating its
content of pigments such as anthocyanins [38]. In our study, it was observed that the color
of the crust and the juice were not linked (Table 2), so the deeper red color of the crust
did not necessarily correspond to the deeper red color of the juice, which confirms the
previous results [18,23]. This could be due to the fact that the biosynthesis pathways of
anthocyanins, the main pigments that give it the characteristic red color, are not the same
in the crust as in juice [39]. In this sense, the heterogeneity of the pigmentation of the crust
is a characteristic of most blood orange varieties. According to [40], the most colored area
usually corresponds to the north-facing part of the fruit. In general, the color parameters
obtained in the present test varied but did not deviate from the values mentioned by other
authors for other Citrus varieties [41]. This variation may be due to the characteristics of
the selected variety or the orientation of the fruit on the tree, as suggested by [23]. When
evaluating the values of a* and CI, the varieties that showed the deepest red color were
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Sanguinelli, Tarocco Rosso and Moro for crust and Sanguinelli and Moro for juice (Table 2),
according to previous research [18,42]. Thus, looking at all the color parameters evaluated
in this assay (L*, a*, b*, C*, H◦, CI), CI seems to be more useful to distinguish between
these varieties, rather than a* which is commonly used for color characterization, and CI is
considered an objective and reliable parameter for assessing Citrus maturity indices [43].

The profile of free amino acids present in the juice has been taken into account as
a crucial characteristic that determines the quality and authenticity of the same [44]. In
this way, it has been proven that amino acids are responsible for the quality of the taste of
food [45]. In addition, amino acids are organic compounds that among other functions have
an important role in protein biosynthesis. They are also precursors of volatile compounds
characteristic of fruit aroma [46], and secondary metabolism (tyrosine, phenylalanine) [47],
or key pieces of primary carbon metabolism due to its participation in pathways such
as GABA (glutamate) that greatly influence maturation [48]. In this study, 10 essential
amino acids (Ala, Arg, Asp, Asn, Glu, Iso, Leu, Pro, Tyr and Val) were detected and the
total amount of essential amino acids varied from 3821.61 to 2256.88 mg L−1 in Tarocco
Sant’Alfio and Tarocco Moro, respectively (Figure 2). Our results were similar to those
observed by [49] in blood orange juice (Table 3). These authors obtained mean values
of proline, alanine, valine, isoleucine or arginine, close to 1020.19, 66.52, 17.18, 7.54 and
580.32 mg L−1, respectively.

The overall quality of the juice, organic acids are considered one of the most important
and determining factors [23,50]. In our study, statistically significant differences (p < 0.05)
in total organic acid concentrations were found between the varieties of blood oranges
analyzed (Figure 2B). The blood oranges analyzed stood out for their high content of citric
acid, which is the main organic acid in Citrus, with values between 14.60 and 7.28 g L−1 in
Tarocco Meli and Tarocco Gallo, respectively. The second organic acid detected and quanti-
fied was lactic acid, with values ranging between 0.0121 and 0.0065 g L−1 in Sanguinelli
and Tarocco Meli, respectively (Table 3). Our results were similar to those obtained by [18]
in Sanguinelli, Tarocco Rosso and Tarocco Ippolito varieties, with citric acid values between
10.23–16.22, 11.69–15.92 and 8.64–12.36 g/Kg, respectively. The data obtained in the present
study also agree with those obtained by other authors [5] in the Moro and Sanguinello vari-
eties, obtaining values of 11.30 and 13.40 g L−1, respectively. However, [40] they obtained
much lower values in citric acid content in the blood orange varieties Cara Cara and Moro,
with values of 4.21 and 5.61 g L−1, respectively. The rest of the main organic acids present
in Citrus fruits were not detected by 1H-Nuclear Magnetic Resonance Spectroscopy (1H
NMR) as they presented a concentration lower than 10 mM. In this sense, [23] obtained
concentrations of ascorbic acid and malic acid of the order of 80 and 10 fold, respectively,
lower than citric acid, the main quantified organic acid. Other authors obtained concentra-
tions approximately 22-fold lower ascorbic acid compared to citric acid [51]. This was due
to the fact that the fruits underwent important changes during the ripening process that
strongly affected the organic acid profile, as well as other related parameters [18]. Organic
acids tend to decrease with fruit ripening, mainly due to the use of these compounds as
respiratory substrates, as well as, for the synthesis of new substances. It is also important
to note that the difference in organic acid profile and quantity between varieties may be
related to the genotype [23] or position of the fruit on the tree [40].

The sugars present in the composition of blood oranges are very important components
and determining their quality and organoleptic properties [23]. In addition to the effect on
organoleptic properties, it has been observed that sugars are involved in the biosynthesis
of anthocyanins [52]. Sugar contents are major factors for fruit flavor and are important
breeding traits. The main simple sugars present in Citrus fruits are sucrose, glucose and
fructose. These three sugars make up approximately 80% of the TSS present in the fruit,
and their ratios are approximately 2:1:1 for sucrose:glucose:fructose, respectively [53]. In
the present study, sucrose was the main sugar in all varieties (values between 40.32 and
30.02 g L−1, in Tarocco Rosso and Sanguinelli, respectively) followed by fructose (values
between 26.24 and 18.07 g L−1, in Tarocco Gallo and Tarocco Sant’Alfio, respectively)
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and glucose (values between 26.20 and 16.64 g L−1, in Tarocco Gallo and Sanguinelli,
respectively) (Table 3). To determine the authenticity of juice samples, the sugar profile and
proportions of specific sugars have been suggested as a quality indicator [54], for example,
the glucose:fructose ratio should be greater than 0.85. In our study, the glucose:fructose
ratios oscillated from 0.99 (Tarocco Rosso and Tarocco Gallo) to 0.86 (Sanguinelli) (Table 3).
Generally, in fruits, glucose concentrations are higher than those of fructose; however,
oranges contain similar glucose and fructose concentrations or, sometimes, fructose may
even be more concentrated than glucose [55] as can be observed in all varieties of our study
(Table 3). Therefore, our results were similar and consistent with those reported in other
studies [56].

There is now a growing consumer demand for healthy foods that help improve health.
Among these healthy foods, red fruits stand out, which are widely recommended by
nutritionists and specialists as an important part of healthy diets. Thanks to the widely
demonstrated potential to promote the health of the bioactive components of blood orange,
juices and vegetable drinks that contain it among its composition obtain greater market
added value [4]. The Citrus varieties contain multiple classes of phenolic compounds, each
possessing a spectrum of chemical behaviors and bioactivities. Such bioactive compounds
include anthocyanins, flavones or flavanones, three very important groups of natural an-
tioxidants on which most of their functional properties are based [23]. These secondary
metabolites are related to various tasks in the plant; specifically, in fruit, they are related to
color, organoleptic and nutritional characteristics, and antioxidant activity [57]. According
to [23,42] blood oranges are rich in anthocyanins, water-soluble compounds responsible
for their distinctive red/purple coloration. Anthocyanins are the most important bioactive
compounds in blood oranges, their importance is related to their powerful antioxidant activ-
ity and their effects on nutritional and sensory quality. In this study, two anthocyanins were
detected and quantified in the juices of Sanguinelli, Tarocco Sant’Alfio, Tarocco Dalmuso,
Tarocco Rosso, Tarocco Scirè, Tarocco Meli and Moro: cyanidin 3-O-sophoroside y cyanidin
3-O-(6”-acetyl-glucoside) (Tabla 4A). Regarding the total content of anthocyanins, statisti-
cally significant differences (p < 0.05) were observed between the varieties of Sanguinelli,
Tarocco and Moro (Figure 3A). The total anthocyanin content was higher in Sanguinelli
(101.06 mg L−1) and Moro (90.14 mg L−1) than in Tarocco Rosso (16.38 mg L−1) (Figure 3A),
as previously reported by [23,42], who established that Sanguinelli and Moro are the va-
rieties of blood oranges with the highest content of anthocyanins. As suggested by other
authors [23], the different concentrations of the pigments identified in the present study
confirm that their accumulation process is influenced by the genotype, rather than by
the environment, as they are the same abiotic conditions in all the varieties studied. The
relationship between coloration (a* and CI) and anthocyanin content has been previously
reported [23,42]. Consequently, in the present study, the highest color of the juice was
observed in Sanguinelli (a* = 9.45 and CI = 43.99) and Moro (a* = 8.51 and CI = 69.53)
(Table 2) compared to the rest of the varieties analyzed, which was produced by the high
content of the individual anthocyanins presented by these two varieties (Table 4). Similarly,
the lowest coloration of the juice was in Tarocco Gallo (a* = 1.46 and CI = 1.74) (Table 2)
can be associated with the absence in the content of the determined anthocyanins (Table 4).
As previously reported [23], cyanidin 3-O-(6”-acetyl-glucoside) was predominant in blood
orange, especially in Moro (66.78 mg L−1) (Table 4). On the other hand, we found the high-
est concentrations of cyanidin 3-O-sophoroside in juices from Sanguinelli (36.35 mg L−1).
The content of all these phenolic compounds is known to depend strongly on both vari-
ety [58], the orientation of the fruit on the tree [23] or day/night temperature [11]. Previous
study [59] reported a positive trend for the increase in most bioactive compounds in blood
oranges, such as organic acids, flavones and flavanones (didymin, narirutin, and vicenin 2),
anthocyanin compounds (cyanidin 3-O-glucoside) or antioxidant activity. Flavones and
flavanones are the main flavonoids in Citrus fruits [18]. In all the varieties studied in the
present study, vicenin 2 (apigenin 6,8-di-C-glycoside) was the only flavone detected and
quantified and, therefore, the one with the highest concentration (Table 4); hesperidin (7-
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rutinoside) was the predominant flavanone, followed by narirutin (naringenin-7-rutinoside)
and didymin (naringenin-40-methyl-ether 7-rutinoside) (Table 4), which is consistent with
what has been previously reported for other blood orange varieties [18,23,42].

In general, PCA analysis allowed to highlight the influence of genotype on the biosyn-
thesis of primary and secondary metabolites (Figure 4). The results of the PCA analysis
confirmed the strong influence of the variety on the morphological and quality parameters
and on the classes of primary and secondary metabolites investigated. The most abundant
primary metabolites were in the amino acid group proline, aspartate, and asparagine,
respect to organic acids, citric acid and, in sugars, sucrose followed by fructose and glucose.
The highest contents of amino acids, organic acids and sugars were in Tarocco Sant’Alfio,
Tarocco Meli and Tarocco Scirè and Tarocco Gallo, respectively. The predominant flavonoid
in the oranges studied was hesperidin (7-rutinoside) being Sanguinelli the variety with the
highest content. As for anthocyanins, two different compounds were identified in blood
oranges—the most abundant was cyanidin 3-O-(6”-acetyl-glucoside) being much higher in
Moro and Sanguinelli than in the rest of the varieties studied.

5. Conclusions

Blood oranges contain high concentrations of antioxidants and bioactive compounds
such as anthocyanins. In Spain, its cultivation is scarce and not widespread; however,
consumer interest is increasing substantially due to its numerous benefits for human
health. For this reason, it is a necessary and timely characterization and comparison
between the main varieties of blood orange consumed in Spain (one of the main oranges
producing and exporting countries in the world) versus the most widespread and consumed
varieties internationally. Tarocco Meli and Moro showed the thickest crust; therefore,
they were best suited for transport to distant markets being more resistant to mechanical
damage. Tarocco Dalmuso showed the highest juice content, being the most suitable
variety for domestic consumption. Tarocco Gallo was the variety that obtained the best
balance between organic acids and sugars, presenting the highest MI value; therefore, it
presented the most interesting sensory properties. The color of the crust and juice varied
significantly depending on the variety. Its reddish coloration was mainly due to the presence
of two pigments of anthocyanic nature: cyanidin 3-O-samphoroside and cyanidin 3-O-(6”-
acetyl-glucoside). The color study showed that there is no direct relationship between the
coloration of the crust and the coloration of the juice. The highest content of amino acids,
organic acids and sugars was found in Tarocco Sant’Alfio and Tarocco Dalmuso, Tarocco
Meli and Moro, and Tarocco Meli and Tarocco Scirè, respectively, being the most important
varieties in terms of nutritional content. Moro and Sanguinelli juice obtained the highest
content of phenolic compounds, being especially interesting for consumers who demand
fruits with a high content of bioactive compounds. In general, the knowledge generated in
this work can be used for the agri-food industry by identifying some of the most interesting
varieties of blood oranges from the agronomic and/or nutritional point of view. Despite
this, more research is needed, particularly on the possible effect of biotic and abiotic stresses
or rootstock/graft combinations on bioactive compounds that make them attractive to the
agri-food industry and consumers.
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