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Abstract

BACKGROUND: Blood oranges are grown increasingly in Europe for fresh consumption because of their special taste and excel-
lent nutraceutical properties that confer the status of a functional food. The health benefits are associated with the range of
additional bioactive compounds that they contain with respect to blonde oranges.

RESULTS: We analysed the physicochemical properties and the levels of organic acids, sugars and antioxidants in 11 blood
orange cultivars representing the most representative cultivars of blood oranges widespread in the Mediterranean basin. In
particular, we examined the levels of phenols, flavonoids and anthocyanins present in these cultivars at harvest maturity.
The physicochemical, antioxidant and colour properties differ significantly among these cultivars. The deepest red peel and
juice was found in Sanguinelli, followed by Tarocco Rosso and Moro. High-performance liquid chromatography with refractive
index detector analysis revealed sucrose as the main sugar in all these cultivars, followed by fructose and glucose. Citric acid
was the dominant organic acid, followed by malic acid and ascorbic acid. Moro showed the greatest levels of antioxidant activ-
ity. Regarding the phenolic composition, we found p-coumaric acid to be the main hydroxycinnamic acid in all cultivars, with
maximum amounts in Moro and Sanguinelli. The highest amounts of cyanidin-3-O-glucoside and cyanidin-3-(6"-malonyl)-
glucoside were found in Moro, for which the juice was of the deepest red colour.

CONCLUSION: The phenolic composition and antioxidant activity of the 11 cultivars was assessed. The results showed that
Moro was the cultivar with the highest content of polyphenols and levels of antioxidant activity, followed by Sanguinelli.

© 2021 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.
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important Italian blood orange cultivars are Tarocco and Moro.
The first is characterised by a number of clones with different mat-
uration periods. It is consumed as a fresh fruit and favoured for its
easy peelability and high levels of sugar/acid ratio. Moro is the most
deep red in colour and its juice offers some anti-inflammatory

INTRODUCTION

Sweet oranges (Citrus sinensis L. Osbeck) are one of the most
important citrus fruits. Total world production of sweet oranges
is around 79 million tons.' The two major groups of sweet oranges
are blonde oranges, which are widespread in almost all citrus-

producing countries, and blood oranges, which are grown in rela-
tively few regions and where the climate favours the synthesis of
the red pigment. The red colour of blood oranges is a result of the
high levels of the water-soluble pigment, anthocyanin, which
belongs to the larger family of flavonoids. The amounts of these
pigments, both in the peel and in the flesh, depend on a range
of factors, including cultivar, rootstock, maturity, region of cultiva-
tion and environment.?>* Of the latter, the thermal excursions
between night and day are considered to be a crucial factor in
stimulating anthocyanin synthesis.** For these reasons, the pig-
mented cultivars, the so-called blood oranges, are cultivated
mainly in ltaly and, especially, in a Sicilian production district of
almost 40 000 ha characterised by a Protected Geographical Indica-
tion (GPI). These fruits are mostly consumed fresh.® The most

effects as a result of the high levels of certain bioactive compounds’
including flavonoids that are important in the human diet.®
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In Spain, red oranges are cultivated on 952 ha and represent
approximately 0.7% of total sweet orange production there,
whereas more than 72.3% are represented by early and late
navels.® The most common blood orange is cv. Sanguinelli, a
spontaneous mutation of cv. Doble Fina. Although Sanguinelli
and Moro are the most colourful, a number of pigmented cultivars
have been grown in Spain, including cv. Doble Fina and its natural
mutations, cv. Entrefina and the very similar cv. Murtera. Both are
characterised by a lower juice pigmentation but are very rich in
phenolic compounds.'® The cultivar Maltaise demi Sanguine is
of unknown origin and it is grown extensively in Tunisia and, to
a lesser extent, in Morocco."

Recently, increased interest has been shown in blood oranges
as a good source of natural antioxidants and bioactive com-
pounds such as polyphenols (flavonoids, anthocyanins, hydroxy-
cinnamic acids) and higher amounts of ascorbic acid to respect
to blonde oranges."*'® Antioxidants play important roles in the
human diet." In particular, epidemiological studies show their
antioxidant and anti-inflammatory activities have beneficial
effects on human health, lowering the risk of cardiovascular dis-
eases, diabetes and cancers.'*'®

In this context, the present study characterises 11 cultivars of
blood orange, grown under the same environmental conditions,
with respect to their contents of phytochemical compounds and
bioactive properties.

MATERIALS AND METHODS

Cultivars and fruit sampling

Fruits of the blood orange cultivars were collected from the prin-
cipal citrus germplasm bank of Spain (latitude 39°35/22.6"”N x 0°
23/41.0"W, Coord UTM, ETRS 89 Huso 30, X: 723678 Y: 4385379)
located at the Instituto Valenciano de Investigaciones Agrarias
(IVIA) in Valencia, Spain. The study included the fruits of 11 culti-
vars of blood orange: Doble Fina, Entrefina, Maltaise Blonde,
Maltaise demi sanguine, Moro, Murtera, Sanguinelli, Tarocco
Comune, Tarocco Messina, Tarocco Rosso and Washington San-
guine. All cultivars were grafted on the same hybrid rootstock Car-
rizo citrange.

For each cultivar, three replicates samples, each consisting of
10 fruits (n = 30) were harvested over two seasons (2017 and
2018). The fruit were hand-harvested at physiological maturity,
aiming to ensure best flavour and colour, and immediately trans-
ported under well-ventilated conditions to the laboratory.

Physical and chemical determinations

Once in the laboratory, 30 oranges per cultivar were selected for
analytical determination. Fruits of three subsamples per cultivar
(each of 10 fruits) were cut in half and carefully hand-squeezed
in a commercial juicer. The fresh juices were centrifuged at
13000 x g for 20 min (model 3-18K; Sigma, Darmstadt,
Germany).

Fruit weights were determined with a digital balance (accuracy
of 0.01 g) (model BL-600; Sartorius, Gottingen, Germany). Fruit
size (equatorial diameters and length) and pulp thickness were
measured with an electronic digital slide gauge (accuracy of
0.01 mm) (model CD-15 DC; Mitutoyo, Kawasaki, Japan).

Total soluble solids (TSS) contents were measured with a digital
refractometer Atago N1 (0.2 °Brix) (model N-1; Atago Co. Ltd,
Tokyo, Japan) at 20 °C. The titratable acidity (TA) was determined
using an automatic titration device (877 Titrino plus, Metrohm,
Herisau, Switzerland) with 0.1 N NaOH up to pH 8.1, and results

expressed as g citric acid L™' because this is the dominant organic
acid in oranges. Once the TSS and TA contents had been assessed,
the maturity index (MI) was calculated as the TSS/TA ratio. Results
are shown as the mean + SE.

Colour determinations were made of both the rind (n = 120)
and juice (n = 12) according to the Commission Internationale
de I’ Eclairage (CIE) and expressed as L*, a*, b*: L* (brightness or
lightness; 0 = black, 100 = white), a* (—a* = greenness,
+a* = redness) and b* (—b* = blueness, +b* = yellowness). These
values were then used to calculate Hue angle degree [H°* = arc-
tang (b*/a*)], where 0° = red—-purple; 90° = yellow, 180° = blu-
ish-green and 270° = blue and chroma [C* = (a*2 + b*2)]1/2,
indicate of the colour intensity or saturation. As suggested in pre-
vious studies,'® hue angle (H°*) and chroma (C*) have been
accepted as the more intuitively understandable colour variables.
Colour index (Cl) was calculated as: CI = 1000 a*/L*b*."” Colour
variables were measured using a Minolta C-300 Chroma Meter
(Minolta Corp., Osaka, Japan) coupled to a DP-301 data processor
(Minolta Corp.).

Determination of sugars and organic acids

Individual organic acids and sugars were also determined using
three juice samples for each cultivar as described in previous
research.'® Briefly, 1 mL of the centrifuged juice was passed
through a 0.45-um filter (Millipore, Burlington, MA, USA) and
injected into a HP 1100 series high-performance liquid chroma-
tography (HPLC) system (Hewlett-Packard, Wilmington, DE,
USA). The elution system consisted of 0.1% phosphoric acid with
a flow rate of 0.5 mL min~". Organic acids were separated on a
Supelcogel TM C—610H column (30 cm X 7.8 mm inner diameter;
Supelco, Inc., Bellefonte, PA, USA) and Supelguard column
(5 cm X 4.6 mm; Supelco, Inc.), and detected using a diode-array
detector set at 210 nm. For the sugar analyses, the same HPLC
equipment, elution system, flow rate and columns were used.
The detection of sugars was carried out using a refractive index
detector (HP 1100 series, G1362A). Standard curves for pure stan-
dards of organic acids (oxalic, citric, malic, quinic and ascorbic
acids) and for sugars (glucose, fructose and sucrose) (Sigma) were
used for quantification. The results for both organic acids and
sugars are expressed as concentrations g kg™ fresh weight
(FW). Sugars and organic acids were determined in triplicate.

Total polyphenol content (TPC) and total antioxidant
activity (TAA)

TPC was quantified using Folin-Ciocalteu reagent.'® Briefly, for
each sample, 2 g of flesh tissue was homogenised in 5 mL of
MeOH/water (80:20, v/v)+2 mm NaF and centrifuged at
13 000 x g for 20 min. Absorption was measured at 760 nm using
a spectrophotometer (ThermoSpectronic Heyios, Cambridge, UK).
The results (mean + SD) are expressed as mg of gallic acid
100 g~' FW equivalent.

Total antioxidant activity was quantified as described previ-
ously.?® This procedure allows determination of both the hydro-
philic and lipophilic TAA in the same extraction. Briefly, for each
subsample, 5 g of flesh tissue was homogenised in 5 mL of
50 mm phosphate buffer (pH 7.8) and 3 mL of ethyl acetate, then
centrifuged at 10 000 x g for 15 min at 4 °C. The upper fraction
was used for TAA as a result of lipophilic compounds (L-TAA)
and the lower one for TAA as a result of hydrophilic compounds
(H-TAA). In both cases, TAA was determined in triplicate for
each extract using an enzyme system composed of the chromo-
phore  2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic  acid)
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diammonium salt (ABTS), the horseradish peroxidase enzyme and
its oxidant substrate (hydrogen peroxide), in which ABTS™ radi-
cals are generated and monitored at 730 nm. The decrease in
absorbance after adding the extract was proportional to the TAA
of the sample. A calibration curve was obtained using Trolox
[(R)-(+)-6-hydroxy-2,5,7,8-tetramethyl-croman-2-carboxylic acid]
(0-20 nmol) from Sigma and the results (mean + SD) are
expressed as mg of Trolox equivalent 100 g~' FW.

HPLC-diode array detection-electrospray ionization-mass
spectrometry (DAD-ESI-MS") analyses: identification and
quantification of phenolic compounds

Three samples of each of the 11 cultivars (n = 33) were frozen in
liquid nitrogen, to be later freeze-dried in an Alpha 2-4 freeze
drier (Christ Alpha 2-4; Braun Biotech, Osterode am Harz,
Germany) for 24 h at a pressure reduction of 0.220 mbar. The tem-
perature in the drying chamber was —25 °C, whereas the heating
plate reached 15 °C. Samples of 50 mg of freeze-dried powder
were mixed with 2 mL of 80% aqueous methanol acidified with
formic acid (1%), vortexed and sonicated for 1 min at room tem-
perature. The resulting heterogeneous mixture was centrifuged
at 900 x g for 4 min and the supernatant passed through a
0.45 pm PTFE filter (Waters Corp., Milford, MA, USA) prior to injec-
tion into the chromatograph system.

Chromatographic analyses were carried out on an series 1100
HPLC-ESI-DAD-MS" lon 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 inter-
face). The capillary temperature and voltage for the ESI source
were set at 350 °C and 3500 V, respectively. The collision-induced
fragmentation occurred inside the ion trap using helium as the
collision gas and a collision energy of 50%. The mass range for
the precursor ions (MS) and their subsequent fragmentations
(MS-MS) was from 100 to m/z 1000 and the data were acquired
in negative ionisation mode, where the deprotonation of the mol-
ecules was observed. A reverse-phase Pursuit XRs 5 C18 column
was used (250 x 4.6 mm inner diameter and particle size 5 pm)

(Agilent). Water/formic acid (95:5, v/v) and acetonitrile were used
as the mobile phases A and B, respectively, with a flow rate of
0.8 mL min~". The gradient started with 5% of solvent B, reaching
60% solvent B at 37 min, and 98% at 40 min, which was main-
tained up to 2 min. The injection volume was 10 pL. Chromato-
graphic comparison with analytical standards, absorbance
spectra and mass spectra, using MS" data (not shown) were used
to identify compounds. Flavanones and flavone C-glucosides
were monitored and quantified at 280 and 330 nm, whereas
anthocyanins were monitored and quantified at 520 nm.

Cyanidin 3-O-glucoside, chlorogenic acid and p-coumaric acid
were purchased from Sigma, whereas naringin, hesperidin and
vitexin were obtained from Extrasynthese (Lyon, France).

All analyses were carried out in triplicate. The results are
reported as milligram of compound per liter (mg L™") of juice.

Statistical analysis

A basic descriptive statistical analysis was followed by an analysis
of variance for mean comparisons. Fisher’s least significant differ-
ence (LSD) procedure at a 95.0% confidence level was used to dis-
criminate among the means (multiple range test). Principal
component analysis (PCA) was performed. All statistical analyses
were carried out using Statistica, version 6.0 (StatSoft, Inc., Tulsa,
OK, USA).

RESULTS

Physicochemical properties

Table 1 lists the physicochemical properties, size, weight, soluble
solids and titratable acidity. Maltaise demi Sanguine, Murtera
and Sanguinelli showed significantly lower fruit weights
(108, 113 and 113 g, respectively), whereas Tarocco Rosso
(212 g), followed by Maltaise Blonde (197 g), Moro (196 g) and
Washington Sanguine (189 g), had a higher mean fruit weight.
Fruit equatorial diameters and height ranged between
58-74 mm and 64-75 mm, respectively.

Table 1. Physicochemical properties of blood oranges
Rind
Fruit Equatorial Fruit thickness TA (g citric
weight (g) diameter (mm) height (mm) (mm) TSS (° Brix) acid L™") MI (TSS/TA)

Doble Fina 158 +5.2d 643 +21d 732+ 23ab 3.6 + 0.6 bc 1245 + 0.09 f 1417 +0.22a 8.78 + 0.08 e
Entrefina 137+ 68e 655+ 33 cd 620+ 3.5 cd 44+12a 1217 £ 0.06 g 13.94 £ 0.19 ab 873 +£0.08e
Maltaise Blonde 197 +205b 700+73b 735+ 65ab 34+13Dbc 13.00+0.10 c 1199+ 020e 1084 +0.15b
Maltaise demi 108 +4.6f 598 +25e 588 +26d 4.0+ 08ab 12.63 + 0.08 e 1224 +025de 1032+ 0.16 ¢

Sanguine
Moro 196 +11.7 b 705 +42b 729+ 39ab 46+06a 12.80 + 0.10d 1338 +0.29 ¢ 9.57 +0.14d
Murtera 1M3+46f 587 +24e 60.8 + 3.3 cd 32+08c 12.93 + 0.06 cd 1195+ 0.17 e 1082+ 0.19b
Sanguinelli 113 +33f 580+17e 64.1+3.7c 3.6+ 1.0 bc 1203+ 0.15¢g 1268 +0.52d 9.50 + 0.26 d
Tarocco 138+ 60e 63.5+28d 60.5 +3.2d 25+06d 15.03 + 0.06 a 13.47 + 0.54 bc 11.16 + 043 ab

Comune
Tarocco Messina 174 +10.0 ¢ 66.5 + 3.8 cd 755+ 44a 32+10cd 1133+ 0.14 h 1223 £ 0.12 de 9.26 +0.19d
Tarocco Rosso 212+ 126a 745+ 44a 701 +£24b 35+ 12bc 1213 +£0.06 g 10.75+£ 033 f 1130 £ 040a
Washington 189+76b 67.8 + 2.7 bc 722+70ab 40+ 06ab 13.90 £ 0.10b 13.60 £ 030 bc 1022 +0.15¢

Sanguine
Data are the mean + SD (n = 60). Values followed by the same lowercase letter, within the same column, are not significant different according to
Fisher’s LSD procedure at 95% confidence level.
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The thickest rind was in Moro, Entrefina, Maltaise demi
Sanguine and Washington Sanguine, whereas the thinnest was
in Tarocco Comune and Tarocco Messina (2.5 and 3.2 mm,
respectively).

Concerning the values of TSS and TA, fruits of Tarocco Comune
showed the highest TSS content (15.03 °Brix), whereas Tarocco
Messina fruits recorded the lowest TSS (11.33 °Brix). At the end
of sampling, all the pigmented cultivars registered values of total
acidity of between 11 and 14 g citric acid L™".

External rind and juice colour

Regarding rind and juice colour, all properties are summarised in
Table 2. The H° values were lower in the peels of Sanguinelli,
Tarocco Rosso, Murtera and Moro, whereas the highest were in
the peels of Maltaise Blonde and Tarocco Messina. The high Citrus
Colour Index (CCl) values observed in fruits of Sanguinelli con-
firmed the deep red colour. Maltaise blonde showed the lowest
CCl value. The highest value of a* was found in Tarocco Rosso
(13.83) and Tarocco Messina (13.67), and the lowest values were
in Doble Fina (7.54) and Maltaise Blonde (7.42).

Based on H° and CCl, the juice of Moro was of deepest colour
(Fig. 1), followed by Sanguinelli and Tarocco Rosso. Several culti-
vars showed pale red juice with values not significantly different
from one another (Doble Fina, Entrefina, Maltaise Blonde,
Maltaise demi Sanguine, Murtera, Washington Sanguine and Tar-
occo Comune).

Organic acids and sugars

Marked differences were found in organic acid composition
(Table 3), in which citric acid was the main organic acid, fol-
lowed by malic and ascorbic acids. Doble Fina and Sanguinelli
showed the highest concentrations of citric acid (20.5 and
18.1 g kg™', respectively), Maltaise demi Sanguine (9.6 g kg™")
the lowest. However, these were not significantly different in
Murtera (17.5 gkg™'), Moro (17.3 g kg™'), Washington San-
guine (17.2 gkg™'), Maltaise Blonde (16.7 gkg™') and the
three Tarocco’s clones (ranging between 16.6 and
169 g kg™).

The vitamin C content, calculated as ascorbic acid, had the high-
est levels in Entrefina and Sanguinelli (049 and 0.50 g kg™,
respectively). There were no significant differences between
ascorbic acid levels in Doble Fina, Maltaise Blonde, Maltaise demi
Sanguine, Moro or Washington Sanguine.

Sucrose was the main sugar in all cultivars, followed by fructose
and by glucose (Table 3). The highest concentrations of sucrose
were found in Maltaise demi Sanguine, Maltaise Blonde and
Washington Sanguine (59.4, 58.5 and 58.4 g kg™', respectively).
Tarocco Comune (34.3 g kg™"), Sanguinelli (33.5 g kg™') and Mur-
tera (334 gkg™') showed the largest contents of fructose,
whereas Tarocco Messina had the lowest fructose content
(22.2 g kg™"). Entrefina, Maltaise Blonde, Maltaise demi Sanguine,
Tarocco Comune and Moro had the highest levels of glucose,
ranging from 22.6 to 21.7 g kg™, whereas the lowest level was
in Tarocco Messina (14.6 g kg™").

Table 2. Peel and juice colour of blood oranges

Parameter” L* a* b* c* H° ca

Rind colour*

Doble Fina 59.63 +2.08 b 27.89 + 1.57 ef 39.72 +3.29d 4857 + 3.01 ef 54.84 + 2.46 bc 11.88 + 1.46 de
Entrefina 5939+ 1.04b 3309+ 121a 39.92 +1.76d 51.88 + 1.26 cd 5033 + 191 de 14.01 +1.20d
Maltaise Blonde 6563 +220a 3133+130b 66.40 + 2.83 a 7345+ 2.19a 64.70 + 1.73 a 724+083¢g
Maltaise demi Sanguine 5877 +237b 30.78 + 1.30 bc 37.82 + 478 de 48.87 + 3.59 ef 50.62 + 4.06 de 1418 +2.71 cd
Moro 5462 +2.17 ¢ 30.51 + 1.67 bc 34.90 + 5.68 ef 46.47 + 4.76 fg 49.49 + 441 ef 16.48 + 3.29 bc
Murtera 53.84+298c 29.57 £ 1.51 cd 3278 +470f 4426 + 3649 4770 £ 432 ef 17.24 +352b
Sanguinelli 5037 £3.35d 2734 +1.66f 2522 +552b 3734+ 467 h 4215+5.13¢ 2263 +5.66a
Tarocco Comune 59.54 +1.78b 29.15 + 1.13 de 46.02 + 2.77 5451 +204c 5759+230b 1072 + 1.24 f
Tarocco Messina 6370+ 149a 28.08 + 1.87 ef 5219+219b 5931+ 137b 6169 +245a 8.50 + 1.07 fg
Tarocco Rosso 5449 +3.07 c 30.99 + 1.86 bc 3208 + 452 f 44,75 +2.96 g 45.78 + 5.09 fg 1831 +445b
Washington Sanguine 5535+ 4.04c 29.68 + 1.42 cd 39.68 + 6.61d 49.70 + 5.50 de 52.79 + 4.60 cd 14.07 +341 cd
Juice colour**

Doble Fina 43.16 + 3.08d 7.54 + 133 d 2239 +286d 23.69 + 246 d 7103 + 488 a 821+287d
Entrefina 4784 +1.62a 921+ 1.10c 3201 +202a 3331+220a 7399+ 1.17 a 6.02 +0.58 d
Maltaise Blonde 4313+ 097 cd 742 +1.08d 2511 +£210c 26.19+230c 7359+ 1.08a 6.83 + 044 d
Maltaise demi Sanguine 4590+ 1.32b 8.60 + 1.04 cd 28.68 +137b 29.96 + 138 b 7330+ 195a 6.56 +0.92d
Moro 3038 +240¢g 1127 +381b 922 +261¢g 1484 + 355 e 39.95 +11.48d 47.75+ 3727 a
Murtera 45.10 + 2.91 bc 1083 +1.28 b 2870 £ 224 b 3072+ 197b 69.23 +3.14 a 852+1.80d
Sanguinelli 3430 +291f 9.09+245c 11.92 +3.00f 1534+ 186e 5213 £ 13.04 c 26.04 + 1581 b
Tarocco Comune 4929 +3.21a 11.69 + 1.68 b 3217 +4.19a 3426+ 4.25a 69.95 + 2.61a 750+ 155d
Tarocco Messina 41.87 + 2.81 de 1367 +£1.70a 26.01 +3.26 C 29.50 + 246 b 61.96 +5.49b 1314+ 434 cd
Tarocco Rosso 3641+ 093 f 1383+ 1.17a 1722 £121e 2211+ 1.10d 5123 +332c 22.23 +3.23 bc
Washington Sanguine 4089 + 1.61e 822+ 142 cd 2195 +1.37d 2347 +1.45d 69.52+331a 922 +191d
Data are the mean + SD. *n = 120; **n = 12. Values followed by the same lowercase letter, within the same column, are not significant different
according to Fisher’s LSD procedure at 95.0% confidence level.

2 L*, lightness; a*, green/red coordinate; b*, blue/yellow coordinate; C*, chroma; H°*, hue angle; Cl, colour index.
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Figure 1. Juice of the eleven cultivars analysed: from left to right, distilled water, Entrefina, Murtera, Washington Sanguine, Doble Fina, Maltaise Blonde,
Maltaise demi sanguine, Tarocco Comune, Tarocco Messina, Tarocco Rosso, Sanguinelli and Moro.

Table 3. Organic acids and sugars of blood orange juice (g kg~ FW)

Parameter Malic acid Ascorbic acid Citric acid Fructose Glucose Sucrose
Doble Fina 2.01 £ 013 ef 035+ 001c 20.49 + 048 a 30.66 + 0.73 bc 20.40 + 0.45 bc 50.60 + 0.51d
Entrefina 237 +£024b 049 +0.03a 13.39 + 0.29 bc 3240 + 1.90 ab 2220+ 1.60a 53.10 £ 1.05 bcd
Maltaise Blonde 1.96 + 0.03 f 0.36 + 0.02 ¢ 16.65 + 0.072 ab 29.26 + 0.92 cd 20.30 + 0.36 bc 58.46 + 095 a
Maltaise demi Sanguine ~ 2.03 + 0.04 def 038 +0.03c¢ 9.60 + 0.80 ¢ 3260+ 134ab 2256 +092a 5943 +135a
Moro 2.25 + 0.06 bc 037 +£0.02c 1733+ 041 ab 3270 £ 0.85 ab 2233 +0.60a 5183+ 1.19cd
Murtera 2.20 + 0.02 bcde 043 +001b 1749 + 033 ab 3343+ 143 a 2243 + 0.66 a 53.73 +1.07 bc
Sanguinelli 2.23 + 0.19 bed 0.50 + 0.04 a 1812+ 037a 3346 £ 265a 2173 £ 1.69 ab 53.10 + 1.66 bcd
Tarocco Comune 2.06 + 0.07 cdef 0.40 + 0.01 ab 16.64 + 0.53 ab 3426 +1.07 a 22.66 + 0.57 a 5446 +1.01 b
Tarocco Messina 2.01 + 0.09 ef 0.38 + 0.02 bc 16.89 + 0.68 ab 2220+ 1.05e 14.60 + 0.30 d 51.36 + 1.00 cd
Tarocco Rosso 272+0.11a 0.38 + 0.02 bc 16.92 + 0.162 bc 2773 £047d 18.26 + 032 ¢ 52.70 + 0.30 bcd
Washington Sanguine 239+0.15b 035+0.03c 17.18 £ 0.77 ab 32.06 + 1.97 ab 21.80 + 1.40 ab 5843 +362a

Data are the mean + SD (n = 6). Values followed by the same lowercase letter, within the same column, are not significant different according to Fish-
er’s LSD procedure at 95% confidence level.

Table 4. Polyphenols and TAA of blood orange juice

Parametera TPC (mg gallic acid 100 g7") H-TAA (mg Trolox 100 g™) L-TAA (mg Trolox 100 g™")
Doble Fina 222.02+11.78a 89.72 + 5.92 bcde 135+ 005a
Entrefina 163.10 + 24.21 cd 82.12 + 2.41 cde 155+0.18a
Maltaise Blonde 133.59 + 1.56 ef 7522 +849%e 135+020a
Maltaise demi Sanguine 131.51 + 12.90 ef 7547 £ 1.11 de 141+023a
Moro 188.89 + 8.80 bc 129.75 +23.79 a 143 +0.10a
Murtera 19258 +4.53 b 96.87 + 11.98 bc 152+ 0.28a
Sanguinelli 157.64 + 19.94 de 10438 +543b 152+005a
Tarocco Comune 117.26 + 17.16 f 82.18 + 4.59 cde 138+0.13a
Tarocco Messina 24191 + 1945 a 85.08 + 8.07 cde 155+ 0.28a
Tarocco Rosso 236.34 + 2530 a 91.29 + 4.46 bcd 135+ 0.13a
Washington Sanguine 168.57 + 4.30 bcd 84.43 + 5.33 cde 129+ 0.10a

Data are the mean + SD (n = 6). Values followed by the same lowercase letter, within the same column, are not significant different according to Fish-
er’s LSD procedure at 95.0% confidence level.
TPC, total polyphenols content; H-TAA, hydrophilic total antioxidant activity; L-TAA, lipophilic total antioxidant activity.

Tarocco Rosso and Doble Fina (241.9, 236.34 and 222.02 mg gallic
acid 100 g™', respectively). Tarocco Comune showed the lowest
values (117.26) together with Maltaise demi Sanguine and Maltaise
Blonde (131.51 and 133.59, mg gallic acid 100 g~', respectively).

Polyphenols and total antioxidant activity

TPCand TAA of the 11 blood oranges were listed Table 4. The TPCran-
ged between 117.26 and 241.91 mg of gallicacid 100 g~'. Maximum
phenolic contents were recorded in the juices of Tarocco Messina,

______________________________________________________________________________________________________________|
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Our records of hydrophilic antioxidant activity (H-TAA) were
significantly higher than those of lipophilic antioxidant activity
(L-TAA) (Table 4). Moro showed the highest level (129.75 mg Tro-
lox 100 g~). No significant differences were found between levels
in Doble Fina, Tarocco Messina, Washington Sanguine, Tarocco
Comune, Entrefina, Maltaise demi Sanguine and Maltaise Blonde,
with the latter two showing the lowest antioxidant activities
(75.47 and 75.22 mg Trolox 100 g~ ', respectively). The results of
lipophilic TAA among the 11 cultivars were not significantly
different.

Total anthocyanins, hydroxycinnamic acids and phenolic
composition

Total anthocyanin content appeared in Fig. 2. The highest level of
total anthocyanins was in Moro (133.10 mg L™"). Next was Sangui-
nelli, which had less than half of this amount (45.59 mg L™"). No
significant differences were observed between the Tarocco
cultivars.
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Figure 2. Content of anthocyanins, flavanones and flavones, and hydro-
xycinnamic acids of the eleven blood orange juice. Data are the mean
+ SD (n = 6). Values followed by the same letter, within the same row,
are not significant different according to Fisher’s LSD procedure at 95%
confidence level.

Flavanones, flavones and flavonols varied significantly from
32597 mg L' to 841.63 mgL™". Entrefina was lowest in this
matrix of chemical markers, followed by Maltaise Blonde,
Maltaise demi Sanguine and Doble Fina, for which the values were
all below 400mgL~". The highest values, greater than
800 mg L™, were found in Tarocco Comune, followed by Moro.
Considering the hydroxycinnamic acids, the highest level was
again in Moro (8243 mgL™"), whereas the lowest was in
Maltaise Blonde (39.96 mg L™").

Individual phenolic compounds

The different subclasses of phenolic compounds found in blood
oranges juices are listed in Table 5. We identified eight phenolic
acids, with p-coumaric acid as the main compound in all cultivars;
Moro (35.82 mg L™"), and Sanguinelli (27.95 mg L™") were the
juices that were richer in this compound. Concerning ferulic acid,
the highest content was found again in Moro and Sanguinelli.
Another major phenolic component was p-coumaroylquinic acid
found in Moro (5.26 mgL™"), Tarocco Rosso (4.06 mgL™),
Maltaise Blonde (424mgL™") and Tarocco Comune
(3.94 mg L™"). The content of p-coumaroylquinic acid was lowest
in Tarocco Messina (1.71 mg L™").

Among the flavonoids found in the 11 cultivars examined, the
predominant one was hesperidin, a flavanone glycoside. In our
results, the highest values, greater than 500 mg L™, were found
in Tarocco’s clones Comune, followed by Moro and Sanguinelli.
Entrefina, Maltaise Blonde, Maltaise demi Sanguine, Washington
Sanguine and Doble Fina showed moderate values of hesperidin,
in the range between 198 and 266 mg L™". Naringin, another fla-
vanone glycoside, showed the lowest content in Maltaise Blonde
and Doble Fina, and the highest in Moro and Sanguinelli.

Among all cultivars, the lowest juice concentrations of
anthocyanins was found in Doble Fina, whereas Moro, which
had the deepest red juice colour, had the highest contents of
cyanidin-3-O-glucoside and cyanidin-3-(6""-malonyl)-glucoside.

The 2-year mean of the entire set of parameters measured dur-
ing the experiment was evaluated via PCA. The first two principal
components accounted for 68.39% of the total explained vari-
ance. PC1 (51.64% of variance explained) was highly correlated
with cyanidin-3-O-glucoside, cyanidin-3-(6"-malonyl)-glucoside,
naringin and rutin (Fig. 3). PC2 (16.75% of variance explained)
was positively correlated mostly with some hydroxycinnamic
acids (ferulolyl hexose), whereas p-coumaric acid and ferulic acid
were negatively correlated with the genotypes.

Considering the first two principal components, Moro was the
cultivar that showed far the highest negative score (—7.2), corre-
lated with anthocyanins, naringin and rutin, followed by Sangui-
nelli, Tarocco Rosso and Tarocco Comune (—2.0, —1.2 and — 1.0,
respectively). Conversely, Maltaise blonde and Entrefina showed
the highest scores (3.0 and 2.8, respectively).

DISCUSSION

Physicochemical properties

Considering fruit weight parameters, Tarocco clones were con-
firmed to be among those with higher values,?' with the excep-
tion of the old line Tarocco Comune, which indeed is no longer
cultivated in modern citriculture. Conversely, Sanguinelli is char-
acterized by the small size of the fruit, which limits its use for
the fresh market, instead being preferred for processing.??> Some
of the cultivars were more or less isodiametric (e.g. Maltaise demi
Sanguine, Tarocco Comune, Murtera and Entrefina) and others

J Sci Food Agric 2022; 102: 2960-2971
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Figure 3. Principal component analysis of the individual phenolics (A) in blood orange juice of the eleven cultivars (B) (average of 2 years). Data set:
eleven cultivars (Doble Fina, Entrefina, Maltaise Blonde, Maltaise demi Sanguine, Moro, Murtera, Sanguinelli, Tarocco Comune, Tarocco Messina, Tarocco
Rosso, Washington Sanguine); fifteen phenolic compounds (hydroxycinnamic acids: feruloyl hexose, feruloyl quinic acid 1, p-coumaroyl quinic acid, fer-
uloyl quinic acid 2, feruloyl quinic acid 3, sinapic acid, p-coumaric acid, ferulic acid. flavanones, flavones and flavonols: vicenin 2, isorhamnetin-3-O-rutino-
side, naringin, rutin, hesperidin. anthocyanins: cyanidin-3-O-glucoside, cyanidin-3-(6"-malonyl)-glucoside).
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were more elongated. Moro had the thickest rind and, indeed, it is
preferred for transport to distant markets for its greater resistance
to mechanical damage.?' Tarocco Comune and Tarocco Messina
were those with the thinnest rind: this aligns with the easy peel-
ability of the Tarocco cultivars,”® a usual feature of mandarin
fruits.2*

The values of TSS and TA are the most relevant determinants of
juice quality. We observed significant differences between the
cultivars evaluated. Fruits of Tarocco Comune showed the highest
TSS content (15.03 °Brix), whereas Tarocco Messina fruits, usually
considered a late-maturing cultivar, recorded the lowest TSS
(11.33 °Brix). The TSS values of both blonde and red orange culti-
vars are usually reported to range between 11 and 15 °Brix,
depending on maturity, environmental conditions and agronomi-
cal practices.2%2> All of the pigmented cultivars registered values
of total acidity of between 11 and 14 g citric acid L™', and the
characteristic taste of the juice show a high acidity, markedly dif-
ferent from the blonde orange varieties. At physiological maturity,
the latter normally reach values well below 10 g citric acid L™',2%2°
thus ensuring sweetness.

This is confirmed by the TSS/TA ratio, an important indicator of
commercial and sensory ripeness. This is used widely for citrus
fruits because it helps define their characteristic flavour. The
European Commission determined the maturity requirements
for orange fruits and, among these requirements, the minimum
sugar/acid ratio for commercialisation is 6.5, regardless of cultivar
or fruit type (blood or navel orange).?” Here, the maturity indices
of all the pigmented cultivars fell within the range 8.7 to 11.3, but
did not achieve the higher values recorded in some blonde
oranges.?®?® This is because, during ripening, the acids decrease
more slowly in the blood oranges than in the blonde ones.?*

External rind and juice colour
The activation of the anthocyanin biosynthetic pathway in the
rind and flesh of blood oranges is one of the major differences dis-
tinguishing these cultivars from blonde ones.?® The deepness of
the red colour is strongly attractive to consumers. Fruit pigmenta-
tion is also increasingly appreciated for its high nutraceutical
value as a result of the presence of bioactive compounds.?®>° Peel
and flesh colour are not linked, and so strong peel colour did not
necessarily correspond to strong flesh colour, confirming the
previous results.”® Evaluating H° and CCl values, the cultivars that
showed the deepest red colour were Sanguinelli for the rind and
Moro for the juice, in accordance with previous research.'®'33!
Generally, observing all the colour parameters evaluated (L, a*,
b*, C*, H°, CCl), the CCl appears to be most useful for distinguish-
ing between these cultivars, more so than H° that is commonly
used for colour characterisation and considered an objective
and reliable parameter to evaluate the maturity indices of citrus
fruits.>32 Also, the external colour in red oranges has been used
widely as a good indicator of fruit maturity. Examining the values
of both the peel and juice colours, it is evident that the intensity of
the red colour is different because the anthocyanin biosynthesis
pathways are not the same.*>* Furthermore, in the Tarocco
clones, there is a frequent lack of correspondence between the
intensities of the peel and flesh pigmentations.?®

Organic acids and sugars

The accumulation of soluble sugars and the decline in acid con-
tent (mainly citric acid) in blood oranges are typical changes tak-
ing place in the pulp during maturation of citrus fruits. The
sweetness of an orange depends on the sugars, which are the

major components of the juice. The organic acid composition is
also important because it influences the sensory properties of
the juice.>® Blood oranges are generally more acid than blonde
ones at harvest.?*?> The main organic acid found in the oranges
under investigation was citric acid, followed by malic acid and
ascorbic acids. Juices from Moro and Sanguinelli showed the
highest acidic content, as broadly reported.?>*'

The quality of a citrus fruit is expressed through the levels of a
range of chemical compounds including vitamins, mineral ele-
ments and phenolics that have important antioxidant activity.>®
Among the vitamins, vitamin C is calculated as ascorbic acid and
it is present in high amounts in the fresh juice.'® Blood orange is
arich source of vitamin C; indeed, levels in Moro and Tarocco have
higher concentrations than many blonde orange varieties, rang-
ing from 0.50 to 0.80 g kg™' of juice.3” In our results, values ran-
ged from 035 to 0.50gkg™', being quite similar to that
reported in previous research.?

As mentioned, the sweetness of orange juice depends on the
levels of the common sugars: sucrose, glucose and fructose. Taken
together, these account for about 80% of the total soluble solids
in orange juice and the ratio sucrose:glucose:fructose is generally
approximately 2:1:1.3% The glucose:fructose ratio is a key indicator
for determining the authenticity of citrus juices and it is generally
higher than 0.85. In most other fruits, the level of glucose exceeds
that of fructose but oranges contain glucose and fructose in
almost equal quantities and, sometimes, fructose can be slightly
more concentrated than glucose as also found in our study.>®
Our results were similar to, and consistent with, those reported
in other studies.*

Polyphenols and total antioxidant activity

Citrus fruits are rich in phenolic acids and flavonoids, two major
groups of natural antioxidants on which most of their functional
properties are based. The variability in flavonoid composition
among fruits is mainly attributable to genotype.*' These second-
ary metabolites participate in various functions in the plant; par-
ticularly, in the fruit, they are associated with colour, sensory
characteristics (flavour, astringency, hardness), nutritional charac-
teristics and antioxidant activity.*? In the present study, the total
phenolic content ranged between 117.26 and 241.91 mg of gallic
acid 100 g~". Even if Tarocco clones were the cultivars with the
highest TPC content, our results were generally lower than those
reported in previous studies.*>**

Antioxidant activity of different foods has been thoroughly
investigated because of their counteracting oxidation processes
that prevent the chronic diseases related to oxidative stress in
human body.'* Different types of antioxidant compounds, such
as ascorbic acid, flavonoids and phenolic acids, were considered
to be natural sources in horticultural products. For this reason,
the ABTS assay was used to evaluate the antioxidant capacity
of both lipophilic and hydrophilic antioxidants, including flavo-
noids (flavones, flavanones and flavonols) and phenolic acids
(among all, ferulic acid and p-coumaric acid).** Previous research
on blood oranges revealed that the higher amounts of anthocy-
anins play an important role in the antioxidant activity of the
juice. >

Hydrophilic antioxidant activity was far more prevalent than
lipophilic antioxidant activity, as reported in other research.'®%®
In accordance with previous results,*” Moro showed the highest
level, followed by Sanguinelli by contrast, other studies*
reported higher levels in Tarocco’s clones than in Moro.
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Total anthocyanins, total hydroxycinnamic acids and
phenolic composition

Anthocyanins synthetized and accumulated in blood oranges
impart their distinctive purple-red colouration to both the peel
and juice.?*" In line with other studies,***® we found the highest
level of total anthocyanins in Moro, followed by Sanguinelli. No
significant differences were observed between the Tarocco culti-
vars, whereas lower levels were found in the remaining cultivars.
The different levels of these pigments recorded in the present
study confirm that their accumulation process is genetically
driven, rather than environmental, because all the abiotic condi-
tions (the aerial and soil microenvironments) were identical in
our collection area.

Oranges and other citrus fruits have high concentrations of phe-
nolics and flavonoids, mainly linked to the flavanones group.*®
The total phenolic composition in citrus fruit may range from
approximately 300 to 1200 mg L™, and depends on the species,
growing season, ripening and environmental factors.>

In the present study, the total phenolic compound ranged
between 326 and 842 and the highest content of total flavanones,
flavones and flavonols was in Moro, followed by Tarocco comune,
as reported in previous studies.>”*’

Previous studies®® showed that hydroxycinnamic acids were
distinct for the blood orange cultivars, being much more abun-
dant in the blood than in the blonde orange juices. We found
Moro had the greatest amount of total hydroxycinnamic acids,
which falls in line with several previous studies,>'*® with decreas-
ing concentrations in Sanguinelli.

Individual phenolic compounds

The citrus species contain multiple classes of polyphenols, each
possessing a spectrum of chemical behaviours and bioactivities.
The hydroxycinnamic acids represent an important group of com-
pounds that derive from the general phenylpropanoid pathway.*'
In the present study, eight phenolic acids were assessed, and
p-coumaric acid was the main hydroxycinnamic acid identified
in all cultivars, followed by ferulic and sinapic acid. These data
are in contrast to what reported in literature,*”>° where ferulic
or chlorogenic®' acids were found to be the most dominant
hydroxycinnamic acid in some blood orange cultivars. In the pre-
sent study, the highest content of ferulic acid was found in Moro
and Sanguinelli. p-Coumaroylquinic acid was found in high
amounts in Moro and Tarocco’s clones, with the exception of
Tarocco Messina. This may have been because the latter is a very
late-maturing cultivar.

The presence of naringin and hesperidin in blood oranges has
been reported in previous studies.>*” The predominant flavo-
noid found in the 11 cultivars evaluated in the present study
was hesperidin, in line with previous research.'**'*? In a previous
investigation on blood oranges,*® Sanguinello and Tarocco pre-
sented a similar profile to the one obtained in the present study,
in which Tarocco showed greater amount than Moro. Naringin is
confirmed to be present in a higher amount in Moro with respect
to Tarocco cultivars.3" Anthocyanin content, as noted, is related to
internal fruit colour. As previously reported,*® cyanidin
3-glucoside and cyanidin 3-(6”-malonylglucoside) were predomi-
nant in blood orange, especially in Moro. We found the lowest
concentrations of anthocyanins in juices from Doble Fina, Entre-
fina, Maltaise Blonde, Maltaise demi Sanguine, Murtera and
Washington Sanguine, whereas Moro, as expected, had the high-
est contents of cyanidin-3-O-glucoside and cyanidin-3-(6"-

malonyl)-glucoside. The content of all these phenolic compounds
is known to depend strongly on both species and cultivar.>*>®

Previous studies*®*” reported a positive trend for the increase of
most bioactive compounds in blood oranges, such as organic
acids (ascorbic acid, malic acid and citric acid), phenolic com-
pounds (didymin, narirutin, and vicenin-2), anthocyanin com-
pounds (cyanidin 3-O-glucoside and cyanidin 3-O-(6"-acetyl)
glucoside) and antioxidant activity.

The PCA analysis permitted to highlight the influence of the
genotype on the biosynthesis of the anthocyanins and of the
other phenolics. Moro and Sanguinelli were the varieties with
the highest content of phenols, and the results of the present
study indicate the strong influence of the cultivars on the classes
of polyphenols investigated.

CONCLUSIONS

Blood oranges are an excellent source of natural antioxidants and
bioactive compounds such as phenols, flavonoids, anthocyanins
and ascorbic acid. In Spain, their cultivation represents only a rel-
atively small part of total citrus production. Nevertheless, con-
sumer interest in blood oranges is increasing because of their
perceived valuable nutraceutical properties. Hence, a nutraceuti-
cal characterisation of the main blood orange cultivars is timely,
especially one that compares the autochthonous Spanish culti-
vars with several others that are more widespread elsewhere in
the Mediterranean basin. In the present study, we analysed the
colour of both the peel and the juice, making comparisons using
different colour index parameters. Moro was the darkest red
orange cultivar, followed by Sanguinelli. Maturity index was
another important parameter related to the qualitative character-
istics of citrus fruit and is linked to fruit ripeness. Tarocco Rosso
had the highest value as a result of its low citric acid content.
The results show that the juice of Moro has the greatest levels of
total flavonoids, total phenolics and total anthocyanins, followed
by Sanguinelli.
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