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Role of the Cultivar in Choosing Clementine Fruits with a
High Level of Health-Promoting Compounds
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ABSTRACT: Thirteen cultivars and two hybrids of Clementine fruits (Citrus clementina Hort. Ex. Tan) cultivated in Italy were
characterized according to pH, titratable acidity, total soluble solids, total polyphenols, carotenoids, vitamin C, hesperidin, rutin,
narirutin and naringin and radical scavenging activity. The presence of rutin in Clementine fruit juice is reported for the first time
here. The results indicated that all chemical parameters statistically differentiated each cultivar (P < 0.001). In particular, principal
component analysis showed a clear discrimination of five cultivars from all the other varieties based on vitamin C and total
polyphenols for the Caffin cultivar, which showed also the highest antioxidant activity; narirutin for the Etna hybrid cultivar;
hesperidin, rutin and total soluble solids for the SRA 89 cultivar; and naringin, hesperidin and rutin for the Esbal cultivar. Moreover,
the Mandalate hybrid cultivar showed the lowest antioxidant activity as well as vitamin C and total polyphenols content, while
titratable acidity and naringin level were the highest. The antioxidant activity assessed in all the fruits was closely correlated with
vitamin C and total polyphenols content, rather than with the flavonoid compounds.
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’ INTRODUCTION

The increasing obesity problems among adults and children
require, as a basic approach, the consumption of a more balanced
diet. The availability of snacks based on fresh fruit and vegetables,
both in cafeterias and in automatic vending machines, could
represent a good starting point. Clementine mandarin fruits,
belonging to the genusCitrus, may represent a good choice in this
respect, as nowadays consumers are increasingly demanding easy
to eat fresh fruits, having specific characteristics such as appealing
color, easy to peel rind, balanced sugar/acid ratio, firmness, and
lack of seeds. Furthermore, there is strong biomedical interest in
Citrus fruits, because a diet rich in them seems to be associated
with lower risk of colorectal, esophageal, gastric and stomach
cancers.1 The negative role played by free radicals in human
health is well-known, due to the fact that these moieties may
induce the development of several diseases, such as cancer,
hypertension, stroke and diabetes. Free radicals are originated
during body metabolism, and their presence in blood can be
neutralized by regular intake of foods containing a high content
of antioxidants, such as fruits and vegetables. In particular, Citrus
spp. fruits possess a high antioxidant activity, being rich in various
bioactive compounds acting as free radical scavengers and
exerting different antiradical activities. In addition, it has been
demonstrated that regular intake of mandarin juice for 4 weeks
exerts a significant positive effect on oxidation biomarkers and
enhances the antioxidant defenses of hypercholesterolemic
children.2

The health-promoting compounds responsible of these ben-
eficial effects are vitamin C and flavonoids. Vitamin C is
considered one of the most important antioxidants because of
its activity against free radicals, carcinogenesis and cardiovascular
diseases, as well as in stimulating the human immune system.3

Flavonoids act as free radical scavengers, inhibit cellular prolifera-
tion, can act against high blood pressure or high levels of
cholesterol and have antibiotic, antiallergic, antidiarreha, antiulcer,

and anti-inflammatory activities.4 Flavonoids are a group of
polyphenolic compounds present in Citrus spp. as flavanones
(e.g., hesperidin, narirutin and naringin), flavones (e.g., rutin)
and flavonols (e.g., quercetin).5 Flavanones, usually occurring as
glycosides, constitute themajority of flavonoids inCitrus fruits, and
these moieties are found in a limited number of fruits, each one
characterized by a typical flavanone glycoside pattern. For exam-
ple, naringin predominates in the juice of sour orange, while in the
juice of sweet orange, hesperidin is usually accompanied by
narirutin. Flavanone glycosides, such as hesperidin and naringin,
possess antioxidant, blood lipid lowering and anticarcinogenic
activities. In particular, hesperidin improves venous tone, enhances
microcirculation and is used for the treatment of chronic venous
insufficiency, while naringin inhibits selected cytochrome P-450
enzymes resulting in drug interactions.5 Moreover, some studies
have suggested that narirutin may be an effective tool in the
treatment of bronchial asthma.6

Quercetin is another important flavonoid with demonstrated
anticarcinogenic and antiarthritic properties.7 Quercetin glyco-
side is mostly present as rutin in Citrus fruits, even if the
glycosylation of flavonoids reduces their activity with respect to
the corresponding aglycons.8 However, as for other fruits, the
chemical composition of Citrus fruits is a function of several
factors, such as cultivar, genotypic differences, ripening stage,
area of production and agricultural practices. In particular, a
strong correlation between flavonoid content and genetic char-
acteristics has been observed in Citrus fruits.9

Taking into account the edible characteristics of Clementine
fruits, the typical sweet taste, the bright orange color and the
easiness of consumption, these fruits may attract consumers of all
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ages, representing a valuable source of healthy molecules. How-
ever, while several authors have reported the chemical composi-
tion of different cultivars of mandarin fruits,6,9�15 Clementine
fruits have been rarely investigated.6,9,13 In order to investigate the
potentiality of Clementine fruits as a healthy snack alternative to
junk food, in this study 13 cultivars and 2 hybrids of Clementine
fruits (Citrus clementina Hort. Ex. Tan) cultivated in Italy were
characterized according to pH, titratable acidity and total soluble
solids. Antioxidant molecules, such as polyphenols, carotenoids,
vitamin C, hesperidin, narirutin, naringin, and rutin, and radical
scavenging activity, were also quantified to understand their
contribution to the overall bioactive properties and to classify
Clementine fruits with respect to cultivar using a multivariate
statistical procedure.

’MATERIALS AND METHODS

Sampling. All fruits were grown in Southern Italy on the same farm
with identical soil, irrigation, and illumination conditions (Vivaio Di
Natale,Metaponto, Basilicata region). The rootstock was the same for all
mandarin trees, Citrange Troyer (Citrus sinensis Osbeck � Poncirus
trifoliata Raf.), and all selected trees were approximately 11 years old and
free of diseases.

Thirteen cultivars of Clementinemandarins (Citrus clementinaHort. Ex.
Tan) [Caffin (CAF); Corsica 2 (COR); Esbal (ESB); Fedele (FED); Isa
(ISA); Oronules (ORO); Precoce di Massafra (MAS); Ragheb (RAG);
Rubino (RUB); Spinoso (SPI); SRA 63 (RA 63); SRA 89 (RA 89);
SRA 92 (RA 92)] and two hybrids [Etna (ETNA) (Citrus unshiu �
Citrus clementina) and Mandalate (MAN) obtained from Fortune
mandarin (Citrus clementina � Citrus tangerina Hort. ex Tan.) � Avana
Mandarin (Citrus deliciosa Tan.)] were investigated. Sampling of the fruits
was carried out in December 2009, when the Clementine mandarins
reached typical commercial size; 8 fruits where harvested for each cultivar,
sampling 4 fruits from 2 trees. The Clementine mandarins were squeezed,
and the collected juices were immediately analyzed.
Analyses. The pH was measured using a pH meter (model SA720,

Orion, Milano, Italy). Titrable acidity (TA) was determined by means of
titration with NaOH 0.1 mol/L until pH 8.1, and expressed as grams of
anhydrous citric acid per 100 g of sample.16 Total soluble solids (TSS)
content was assessed using an Abbe refractomer (Carl Zeiss, Jena,
Germany) calibrated against sucrose and expressed as �Brix.16

For vitamin C extraction, 1 mL of juice fruit was transferred to a
10mL amber volumetric flask and brought up to volume using a solution
of 20 mM NaH2PO4 acidified to pH 2.1 with 1 N HCl. The flask was
then stirred five times for 5 s and the extract filtered through a 0.2 μm
cellulose acetate filter (Grace, Milano, Italy) and stored in the dark at
�18 �C in an amber vial, under nitrogen, until ready for analysis. Vitamin
C content was assessed by HPLC according to the method proposed by
Galgano et al.17 Detection of the compound was carried out at 240 nm,
checking the linearity of the UV detector over vitamin C concentrations
ranging from 25.6 to 256.0 μg/mL.

Carotenoid extraction was performed according to Navarro et al.:14

5 mL of fruit juice was vortexed with 20 mL of acetone:hexane (4:6) and
stirred for 30 s. An aliquot of the upper organic phase was then taken for
measurement of the optical density at 663, 645, 505, and 453 nm in a
CARY 1E UV�vis spectrophotometer (Varian, Leini, Italy). Total
carotenoid content was expressed as mg of β-carotene/L of juice,
according to the Nagata and Yamashita18 equation.

Extraction of flavonoids was conducted according to the method
proposed by Careri et al.,7 while their content was assessed by HPLC
according to Mouly et al.,19 modifying the gradient elution (Table 1).
Detection of the compounds was carried out at 285 nm for hesperidin,
narirutin and naringin, and 260 nm for rutin, checking the linearity of the

UV detector for flavonoid levels ranging from 0.5 to 20.0 μg/mL. The
eluted moieties were tentatively identified according to their retention
time and by spiking the samples with known amounts of standards.

Assessment of the total polyphenols (TPH) content required an initial
extraction step: 3 mL of juice was lyophilized and extracted twice with
10 mL of methanol. The supernatants were combined and concentrated to
dryness at room temperature under a stream of nitrogen. The solid residue
was then dissolved in 3 mL of methanol, and then solid-phase extraction
(SPE) was used to remove sugars according to the method described by
Heinonen et al.20 The extracts were used for assessing TPH content and
radical scavenging activity. The amount of total polyphenols was deter-
mined according to the Folin�Ciocalteu procedure21 by adding 200 μL of
the prepared purified extract to 1.0 mL of Folin�Ciocalteu reagent and
0.8 mL of a sodium carbonate aqueous solution (7.5% w/w). The mixture
was then stirred and allowed to stand in the dark for 30 min. Absorption at
723 nm was measured using a CARY 1E UV�vis spectrophotometer
(Varian, Leini, Italy). TPH content was expressed as mg of gallic acid equiv
(GAE)/mL of juice.

The DPPH assay was used tomeasure radical scavenging activity of the
juices. Samples were tested individually at three different concentrations
by addition to a methanolic solution of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical (100 μM). The mixtures were stirred and allowed to
stand in the dark for 30 min at 25 �C. The absorbance of the resulting
solutions was measured at 517 nm against a blank sample without
DPPH.22 Results were first expressed as the half maximal inhibitory
concentration (IC50). IC50 value denotes the volume (μL) of juice
extract required to scavenge 50% ofDPPH free radicals. In all experiments
the IC50 of rutin was also determined and used as a reference in order to
assess the antioxidant activity, that was expressed as mg of rutin equiv
(RE)/mL of Clementine juice (J) (mg RE/mL J).

Each sample was prepared and analyzed in duplicate.
Reagents. All chemicals were of suitable analytical grade and pur-

chased from Carlo Erba (Milano, Italy). Folin�Ciocalteu reagent, DPPH
radical, ascorbic acid, hesperidin (HESP), naringin (NAR) and rutin
(RUT) standards were obtained fromSigma (Milano, Italy), while narirutin
(NAT) was purchased from Extrasynthese (Genay Cedex, France).
Statistical Analysis. In order to study the influence of cultivar on the

chemical composition of fruits, data were processed for analysis of variance
(ANOVA), and the least significant difference (LSD) test was performed
to compare the means (P < 0.05). Principal component analysis (PCA) of
the obtained data was used to highlight any cultivar differentiation of
Clementine fruits. Correlation analysis was also applied to the data.

All statistical procedures were computed using the statistical package
Statistica for Windows (ver. 5.1., 1997) (Statsoft Inc., Tulsa, OK, USA).

’RESULTS AND DISCUSSION

LSD Test and Analysis of Variance (ANOVA). The results of
Clementine fruit quality parameters are reported in Table 2.
ANOVA showed that all the chemical parameters statistically

Table 1. HPLC Elution Program for Flavonoids Analysis in
Clementine Fruits

time (min) Aa (%) Ba (%)

0 90 10

2 87 13

22 54 46

26 35 65

38 35 65

42 90 10

50 90 10
aA = water/acetic acid (96:4, v/v). B = methanol.
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differentiated the fruits according to cultivar (P < 0.001). In
particular, pH values ranged from 3.24 for COR cultivar to 3.75
for ORO cultivar and were in line with those reported in the
literature for mandarin fruits,12 with the exception of the MAN
cultivar fruits (pH = 2.60), which showed also the highest
titratable acidity value (8.75%).
The mean content of β-carotene found in all the studied fruits

was 13.58 mg/L, ranging from 10.96 mg/L for FED cultivar to
17.54 mg/L for RA89 cultivar. All Clementine varieties analyzed
showed a high content of this bioactive compound with respect
to that reported in other studies. In Clementine SRA 85 and in
Mandarin SRA 133 cultivars the β-carotene content found by
Dhuique-Mayer et al.13 was 1.45 and 1.60 mg/L, respectively,
while in the juice of two hybrids obtained from Clementine �
orange, Rapisarda et al.23 found a total carotenoid content,
expressed as β-carotene, of 4.34 and 28.73 mg/L.
In comparison with other commercial citrus juices, the high

level of carotenoids found in Clementine juice is of interest from
a nutritional point of view, the assessed carotenoid content being
more than twice that reported for commercial orange juices.24

With regard to TPH, the level in orange fruits has been
generally reported to range from 50 to 100 mg/100 g fresh
weight,25 while for mandarin fruits, Navarro et al.14 have reported
a TPH level of 560 mg/L, a value similar to that found in the
present study for the CAF cultivar (554 mg/L). However, this
value was the highest observed, showing for all the other cultivars
a TPH content ranging from 259 to 487 mg/L.
In the literature, the presence of vitamin C in mandarin juice

has been reported as ranging from 400 to 480 mg/L,11,13,26 while
in juices produced from Clementine fruits and hybrids obtained
from Clementine� orange this vitamin has been found at higher
concentrations, ranging from 500 to about 580 mg/L.13,23 In a
recent study of Navarro et al.,14 relatively high levels of vitamin C
(612mg/L) in mandarin fruits have been reported, and this value
is similar to that found in some of the studied Clementine
cultivars (MAS, ORO, SRA 63, FED, RUB, RAG, CORS, RA 92
and RA 89). In addition, the vitamin C content assessed in the
ORO cultivar (484 mg/L) is similar to that reported for this
variety by Cano et al.9 (474 mg/L). Only the cultivars CAFFIN
and MAN exhibited a significantly different vitamin C concen-
tration, whose value was shown to be the highest (755 mg/L) in
the former and the lowest (206 mg/L) in the latter.
The Experts Committee of the European Fruit Juice Associa-

tion (AIJN) has established as a quality parameter a minimum
level of 300 mg/L of vitamin C for orange and mandarin juices.27

In the present study, with the exception of theMAN cultivar, one
of the two hybrids analyzed, all the fruits showed a vitaminC level
much higher than the minimum content set by AIJN, and the
result is therefore of interest for choosing Clementine fruits with
a high level of this health-promoting compound (Table 2).
In Citrus fruits flavanone glycosides are normally present in

decreasing sequence as follows: HESP > NAT > NAR. In
particular, in orange juices the concentration of these moieties
has been reported as spanning over a wide range, namely, from
107 to 760 mg/L for HESP, from 35 to 194 mg/L for NAT and
from 14 to 45 mg/L for NAR, according to fruit variety and
ripening stage.7,19,28,29 Several studies have reported that in
mandarins HESP represents the main flavanone glycoside,
followed by NAT, found at lower concentrations, while the
presence of NAR has not been reported in mandarin,1,7,8 this
moiety being typically found in sour oranges and present in sweet
oranges only at low concentrations.1T
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For HESP, the concentrations assessed in the tested Clemen-
tine fruits (63�165 mg/mL juice) are in agreement with those
reported byKanaze et al.5 (52�166mg/mL juice) and Levaj et al.6

(62 mg/kg of pulp). As far as NAT, the concentration reported in
the literature for mandarin and Clementine fruits (40 mg/kg of
pulp)6 is within the range found in this study (6�43 mg/L of
juice). In the same paper, the authors have reported a very high
NAR average content (31 mg/kg of pulp), while our experimental
data indicate a much lower NAR content in all the investigated
fruits, ranging from 0.02 to 2.70 mg/L. However, also Kanaze
et al.5 have reported low levels of NAR in mandarin fruit juice
(average value 0.8 mg/L).
Quercetin is another important compound with demonstrated

anticarcinogenic and antiarthritic properties for human health.7 In
particular, quercetin has been shown to mediate the downregula-
tion of mutant p53 in a human breast cancer cell line.8 Quercetin
glycoside is mostly present as RUT in orange juice at levels of 29
mg/kg fresh weight,30 and in the present study RUTwas found in
the juice of all Clementine varieties, ranging from 29.48 for ETNA
to 75.15mg/L for RUB cultivar. To our knowledge, this is the first
study reporting the presence of rutin in Clementine fruits; some
authors have found this nutrient in flavedo extracts of Mauritian
Mandarin andClementine fruits at an average level of 28.75mg/g
fresh weight,31 while Wang et al.32 found it at low levels in the
peels of several citrus cultivated in Taiwan (0.25 mg/g dried
matter). The presence of RUT in the juices could be to some
extent ascribed to the extraction of this moiety from the pulp
during the squeezing process. However, the assessed levels are
quite high, so that inferring the presence of RUT in the pulp, and
consequently in the juice, is reasonable. Despite this, further
investigation is needed on the same cultivars to confirm the
presence of RUT in juice produced from individually and
manually peeled mandarin segments.
Several studies have reported correlations between bioactive com-

pounds and antioxidant activity in several Citrus fruits.10,12,13,33�36

However, no information is present in the literature regarding
Clementine fruits. Generally in Citrus fruits, the antioxidant
activity is attributed to hydrophilic compounds, and some
authors have commented that HESP is the principal compound
responsible for the total antioxidant capacity of orange juices.13

In this study, significant correlations were observed between
vitamin C and antioxidant activity for Clementine fruits (r = 0.71)
and between total polyphenol content and antioxidant activity
(r = 0.63) (Table 3). On the other hand, no significant correlation
between individual flavonoid content and antioxidant activity or

between β-carotene and antioxidant activity was found. More-
over, this correlation was negative for NAT, RUT and NAR.
Several authors have reported that the antioxidant activity

exerted by Citrus fruits, such as oranges and lemons, is principally
due to the concentration of vitamin C and phenolic compounds,
while flavonoids do not contribute significantly to the antioxidant
potential of antioxidant compounds, even if the latter are present in
great quantity in Citrus fruits.4,10,12,35,36 The lack of correlation
between flavonoid compounds and antioxidant activity could also
be due to the synergistic effect among all the hydrophilic antiox-
idants, as also reported for tomato antioxidants.37 Negative correla-
tions between flavonoid content and antioxidant activity have also
been reported byMeda et al.34 andGhafar et al.,33 probably because
of the presence of other phenolics in Citrus fruits whichmight have
contributed to the antioxidant activity. Conversely, in mandarin
fruits Levaj et al.6 have reported a high correlation between total
flavonoids, as well as individual flavanone glycosides (narirutin,
naringin and hesperidin), and antioxidant capacity.
Principal Component Analysis. In order to discriminate the

fruits on the basis of the principal chemical quality parameters,
the data were normalized and PCA was conducted on the
correlation matrix. After the variable (β-carotene) with low
statistical loading (<0.25) was removed, the new data matrix
obtained was subjected to PCA and the first two principal

Table 3. Pearson Correlation Coefficients (r) and
Related Significance between Antioxidant Content and
Antioxidant Activity

antioxidant activity

r P

β-carotene 0.08 nsa

HESP 0.02 ns

NAR �0.18 ns

NAT �0.21 ns

RUT �0.10 ns

TPH 0.63 <0.001

vit C 0.71 <0.001
aNo significant correlation.

Figure 1. Score plot (A) and loading plot (B) of the first (PC1) and
second (PC2) principal components obtained by principal component
analysis of the chemical profile of Clementine fruits (13 cultivars and
2 hybrids).
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components, with eigenvalues greater than unity, were selected,
accounting for 59.83% of the total variance, 34.93% of which
along PC1 and 24.90% along PC2. The results related to the
chemical profile of Clementine fruits obtained from 13 cultivars
and 2 hybrids are shown in Figure 1, where the score plot and the
loading plot of the variables are reported, respectively.
Besides vitamin C, TSS, TA and TPH, flavonoids were useful

for discriminating Clementine fruits according to cultivar, as also
observed for other citrus species.9,38 Conversely, β-carotene
content was not a useful marker to differentiate Clementine
fruits according to variety, in contrast to other studies where
citrus fruits were discriminated on the basis of the carotenoid
content.13 In particular, the PCA showed a clear discrimination
of five cultivars from all the other varieties based on the following
parameters: vitamin C and TPH for CAF cultivar, which showed
also the highest antioxidant activity; NAT for ETNA hybrid
cultivar; HESP, RUT and TSS for SRA 89 cultivar; NAR, HESP,
and RUT for ESB cultivar. Moreover, fruits belonging to MAN
hybrid cultivar showed the lowest antioxidant activity as well as
vitamin C and TPH content, while the TA and NAR levels were
the highest.
In conclusion, the results of this study highlighted that health-

promoting compounds, besides TA, TSS and pH, have potential
for discriminating Clementine fruits by cultivar. This information
could be useful for choosing varieties with a high content of
nutraceutical moieties. In particular, PCA of the analytical data
showed a clear discrimination of five cultivars from all the other
varieties based on the following parameters: vitamin C and TPH
for CAF cultivar which also had the highest antioxidant activity;
NAT for ETNAhybrid cultivar; HESP, RUT andTSS for SRA 89
cultivar; NAR, HESP, and RUT for ESB cultivar. Furthermore,
fruits belonging to MAN hybrid cultivar showed the lowest
antioxidant activity as well as vitamin C and TPH content, while
TA and NAR levels were the highest.
As far as the antioxidant properties of the various juices tested

are concerned, of interest is the fact that the antioxidant activity
was clearly correlated with vitamin C and total polyphenols
rather than with the amount of flavonoid compounds.
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