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Abstract

A comparative study of the primary and secondary metabolites of the juice of several mandarin
cultivars with different pollination, seed production and parthenocarpic abilities was carried out,
and the antioxidant capacity of the hydrophilic fraction was measured. Correlation by a Principal
Component Analysis and a Cluster Analysis was used. By a multivariate analysis, the 15 citrus cul-
tivars were clustered into four groups consistently with citrus types. The presented data are an
important factor for choosing varieties with high potential as a nutraceutical source. These as-
pects are necessary as consumers demand prevention of health problems through nutrition and
certain fruit quality traits, including fruit size, internal quality, good rind color and easy peeling.
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1. Introduction

Several studies have evidenced the importance of citrus as a health benefit that promotes fruit because of its high
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content in nutrients and non nutrient phytochemicals, which are important for human nutrition since they possess
antioxidant properties [1] [2]. The antioxidant and antiradical activity of citrus fruit is due mainly to not only the
hydrosoluble fraction that contains vitamin C and phenolic compounds (as flavonoids), but also to the apolar
fraction, including carotenoids, which leads to its protective effects against chronic and degenerative diseases [3]
[4]. Citrus fruits are acid fruits as their soluble solids are composed of mainly organic acids and sugars, compo-
nents which contribute to flavor attributes and largely affect taste characteristics and organoleptic quality [5] [6].

Increased consumption of fruits and vegetables is associated with a lower incidence of cardiovascular disease
and fewer risks of certain cancers. Nowadays, prevention of health problems through nutrition is being inten-
sively promoted. Citrus fruits have been consumed for decades thanks to their wide availability and the chemical
variability of bioactive compounds, and their relationship with factors, such as genotypic differences, climatic
conditions, cultural practices, maturity and harvesting methods, has been reported mainly for commercial varie-
ties. Nogata et al. [7] observed that the flavonoid composition of citrus fruits was approximately the same within
each section of Tanaka’s system [8]. Others have reported the influence of variety and species on the content of
the main antioxidant constituents (vitamin C, flavonoids and carotenoids) in Citrus sp [9]. Lee and Kader [10]
observed that vitamin C content in fruits and vegetables can be influenced by various factors, such as genotypic
differences, preharvest climatic conditions and cultural practices, maturity and harvesting methods. Albertini et
al. [5] observed that the content of organic acids and sugars also may vary according to species, varieties,
processing and environmental and horticultural conditions, such as climate, rootstock and irrigation. More re-
cently, Goldenberg et al. [11] [12] conducted a comprehensive analysis of fruit-quality traits with 46 distinct
mandarin varieties, which included physical, physiological, nutritional and biochemical and sensory attributes,
and observed wide genetic variability among mandarin varieties and natural subgroups. Thus high genetic diver-
sity exists in fruit-quality traits among citrus species and varieties, with vast variation among citrus types and
cultivars because of frequent bud mutation, interspecific and intergeneric hybridization, etc. Over the last decade,
there has been a continuous rise in the consumption and global marketing of fresh easy-to-peel mandarins, and
major achievements have been made in breeding techniques to produce seedless fruits. Seedlessness is a desired
trait for consumers, and a requisite for the fresh market is the production of high quality citrus fruits with very
few or no seeds [13]. Seedlessness in citrus mandarin cultivars can be caused by many factors (female or male
sterility, pollen self-incompatibility, etc.). In recent years, we have made huge efforts to: obtain new high quality
late-season mandarins with our breeding program at the IVIA (Instituto Valenciano de Investigaciones Agrarias);
produce high quality fruits with very few seeds in open pollination [14]-[16]; observe how seed production ca-
pacity affects hormonal status, the activity of the genes that encode for GA-oxidases and the ovary’s carbohy-
drate levels in order to gain insight into the extent to which these factors influence fruit set [17].

The composition of some cultivars from the Mediterranean Area is not fully characterized in the literature.
We herein provide comprehensive information about these new mandarins vs. commercial ones (under the same
climate and field conditions) to establish differences in the main compounds with nutritional importance to pro-
vide new information for the citriculture industry to help choose varieties with high potential as a nutraceutical
source. For some samples, these data were documented for the first time. Correlation by a multivariate discri-
minant analysis done with these compounds was used, including a Principal Component Analysis (PCA) and a
Cluster Analysis (CA). In our breeding program, these analysis data are most important for choosing mandarin
cultivars with different pollination, seed production and parthenocarpic abilities, and with high potential as a nu-
traceutical source and for certain fruit quality traits, including fruit size, internal quality, good rind color and
easy peeling.

2. Materials and Methods
2.1. Plant Material and Sampling

Fruits of 15 mandarin cultivars were harvested in the maturity stage at the IVIA (Moncada, Valencia, Spain).
Clementines Arrufatina, Fina and Loretina [Citrus clementina Hort. ex Tan.] and hybrids Ellendale (the origin of
hybrid Ellendale is unknown) and Fortune [C. reticulata Blanco x C. tangerina Hort. ex Tan.], were sampled
from the Field Collection of the Citrus Germoplasm Bank held at the IVVIA. The hybrid Murta (pollen sterile and
seedless) was previously obtained by gamma irradiation [15] from fertile and pollen self-compatible Murcott
(the origin of Murcott is unknown, but is most likely a tangor, which is a cross between a tangerine and a sweet
orange). The clementine hybrids [C. clementina Hort. ex Tan. x (C. unshiu Marc. x C. nobilis Lour.)] were
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obtained from the IVIA’s breeding program: Moncalina (pollen sterile and seedless) from Moncada (pollen
self-incompatible and parthenocarpic) [14]; P512 and F518 from 023 (seedy self-compatible and not partheno-
carpic); P223 and F210 from Y25 (seedy self-compatible and parthenocarpic) [16]. The fruit sampling procedure
and gamma irradiation method have been widely described elsewhere [14]-[16]. Seed number and pollen ger-
mination data have been previously reported, and these cultivars have demonstrated excellent fruit size, internal
quality and good rind color, whose ripening period takes place from January to April.

After full fruit development and maturation, all fruits were counted and harvested. Weight, height and diame-
ter were measured for each fruit. Juice was obtained from representative samples taken from trees kept in the
IVIA’s germoplasm bank in the maturity stage (three trees per cultivar: 18 fruits separated into three replicates)
using a Zumonat machine (Somatic-AMD, Spain). They were immediately analyzed for °Bx and for acidity
(maturity index have been well-described in other works), and juice yield percentage. After harvest, juice was
extracted, filtered and then used fresh or stored at —80°C until analyzed. All the cultivars shared the same micro-
climatic conditions, soil and cultural practices, thus any differences among cultivars were not influenced by en-
vironmental factors or crop techniques.

2.2. Extraction of Vitamin C and Total Antioxidant Activity (TAA)

Total vitamin C was extracted according to the method described elsewhere [9], with some modifications to
adapt the method to a microliter format [18], using DL-dithiothreitol (DTT) as reducing reagent of dehy-
droascorbic acid to ascorbic acid (ASC). Briefly, 1 mL of filtered juice was mixed with 1 mL of 5% metaphos-
phoric acid solution, and then the sample was centrifuged (Eppendorf 5810R centrifuge; Eppendorf Iberica,
Madrid, Spain) at 4°C for 15 min at 8000 xg. One mL of supernatant was mixed with 200 uL of DTT (20
mg'mL™) and left to react for 2 h in the dark, then filtered through 0.45 pm filter. It was analyzed by
HPLC-DAD in an Alliance liquid chromatographic system (Waters, Barcelona, Spain) equipped with a 2695
separation module coupled to a 2996 photodiode array detector, and a reverse-phase Cyg column with an isocrat-
ic mobile phase of methanol: 0.6% acetic acid (5:95, v/v), as previously described [18]. The Empower 2 soft-
ware (Waters, Spain) was used for data processing, and quantification was performed at 245 nm by external
standard calibration. Three samples per cultivar were analyzed and all the samples were run in triplicate. Stan-
dards were run daily with samples for validation. All the used solvents were of HPLC-grade and ultrapure water
(Milli-Q) was used. TAA was measured in glass 96-well reaction plates in a microliter-based format [19] [20].
ABTS (2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid), H,O, (hydrogen peroxide), HRP (horseradish
peroxidase type VI) and ascorbic acid (ASC) were obtained from Sigma (Sigma Co., Barcelona, Spain). Absor-
bance was read by an OASYS UVM 340 microplate reader (MIKRO WIN 2000). Nine replicates were meas-
ured per cultivar. The results were compared with a standard curve prepared with different ASC concentrations.

2.3. Extraction and Analysis of Flavonoids

The main flavonoids were extracted and determined according to the procedure described elsewhere [21].
Briefly, 1 mL of filtered juice was mixed with 1 mL of DMSO/MeOH (1:1, v/v). Then the sample was centri-
fuged (Eppendorf 5810R centrifuge; Eppendorf Iberica, Madrid, Spain) at 4°C for 15 min at 8000 xg. The su-
pernatant was filtered through a 0.45 pum nylon filter and analyzed by HPLC-DAD and HPLC-MS in a re-
verse-phase column Cg. An analysis was done using an Alliance liquid chromatographic system (Waters, Bar-
celona, Spain) equipped with a 2695 separation module, coupled to a 2996 photodiode array detector and a
ZQ2000 mass detector. A gradient mobile phase that consisted in acetonitrile (solvent A) and 0.6% acetic acid
(solvent B) was used. The flow rate was 1 mL-min * and the injection volume was 10 pL. The conditions were
as follows: initial condition of 10% A for 2 min which reached 75% A in the next 28 min, and then back to the
initial condition and held for 5 min (total run time 35 min). An HPLC-MS analysis was performed and worked
under electrospray ion positive conditions. Capillary voltage was 3.50 kV, cone voltage was 20 V, source tem-
perature was 100°C, desolvation temperature was 225°C, cone gas flow was 70 L+hr * and desolvation gas flow
was 500 L+hr . Full data acquisition was performed by scanning 200 to 800 uma in the centroid mode. Com-
pounds were indentified on the basis of comparing their retention times, UV-Vis spectra and mass spectrum data
with authentic standards using an external calibration curve. Narirutin was purchased from Extrasynthesis (Ge-
nay, France), hesperidin from Sigma (Sigma Co., Barcelona, Spain), and didymin from ChromaDex (Irvine, CA,
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USA). All the solvents used were of HPLC-grade and ultrapure water (Milli-Q) was employed.

2.4. Extraction and Analysis of Carotenoids

The extraction method was the same as the previously described procedure [22]. Briefly, 20 mL of filtered juice
were mixed with 10 mL of ethyl acetate (0.05% BHT) and 0.5 g of basic magnesium carbonate. The sample was
centrifuged (Eppendorf 5810R centrifuge; Eppendorf Iberica, Madrid, Spain) at 4°C for 15 min at 8000 xg. The
supernatant was collected in a 250 mL decantation funnel, the pellet was re-extracted with 20 mL of ethyl ace-
tate (0.05% BHT) and the supernatant was transferred to the decantation funnel. The organic phase was washed
3 times with NaCl-saturated water, collected and dried on a bed of anhydrous sodium sulfate. Ethyl acetate was
removed in a vacuum rotary evaporator at 40°C. The residue was dissolved in 5 mL of ethyl ether and saponified
with 2.5 mL of 20% KOH in methanol overnight in the dark. The saponified extract was transferred to a 250 mL
decantation funnel, mixed with 20 mL of diethyl ether and washed 3 times with NaCl-saturated water. Diethyl
ether was collected, dried with anhydrous sodium sulfate and evaporated. Dried samples were dissolved in 1 mL
ethyl acetate and analyzed by HPLC-DAD in a Cs, column. The flow rate was 1 mL-min * and the injection vo-
lume was 20 pL. A ternary mobile phase of water (A): methanol (B): methyl-tert-butyl ether (C) was used. The
initial conditions were 4% A, 86% B and 10% C held for 10 min, then changed to 4% A, 10% B and 90% C for
the next 40 min, and back to the initial conditions and conditioning column for 10 min: total run time 60 min.
Compounds were indentified on the basis of comparing their retention times and absorption spectrum characte-
ristics. Carotenoids were quantified using calibration curves. f-Cryptoxanthin was obtained from Extrasynthese
(Extrasynthesis, Genay, France), and S-carotene was purchased from Biochemica (Sigma Co., Barcelona, Spain).
The vitamin A value was calculated as a retinol equivalent (RE) by the following conversion [9] (only g-caro-
tene and p-cryptoxanthin contribute to vitamin A activity) using the Equation (1):

RE = (pg of S-carotene/6)+ (ug of other provitamin A [ -cryptoxanthin | carotenoid/lZ) )

2.5. Extraction and Analysis of Organic Acids

The extraction method was the same as the previously described procedure [23]. One mL of filtered juice was
mixed with 1 mL of 0.1% H,SO, solution, then the sample was centrifuged (Eppendorf 5810R centrifuge; Ep-
pendorf Iberica, Madrid, Spain) at 4°C for 15 min at 8000 xg. The supernatant was filtered through a 0.45 um
filter, analyzed by HPLC-DAD and confirmed by HPLC-MS under electrospray ion negative conditions. The
Empower 2 software was used for data acquisition. Sample temperature was 5°C and column temperature was
35°C. Capillary voltage was 3.0 kV, cone voltage was 23 V, source temperature was 100°C, desolvation temper-
ature was 200°C and desolvation gas flow was 400 L-hr *. Full data acquisition was performed by scanning from
100 to 400 uma in the centroid mode. An ICSep ICE-COREGEL 87H3 column (Transgenomic, UK), an 1CSep
ICE-COREGEL 87H guard kit, and an automatic injector were used for chromatographic separation. The sol-
vent system was an isocratic mobile phase of 0.1% H,SO, solution. The total run time was 20 min at 0.6
mL-min*, and the injection volume was 5 pL. Compounds were identified by comparing their retention times,
UV-Vis spectra and mass spectrum data with the corresponding authentic standards. Standards were run daily
with the samples for validation and concentrations were determined using an external calibration curve with ci-
tric acid, malic acid and succinic acid, all obtained from Sigma (Sigma Co., Barcelona, Spain).

2.6. Extraction and Analysis of Sugars

Sugars were extracted as described elsewhere [23]. Two mL of juice were centrifuged (Eppendorf 5810R cen-
trifuge; Eppendorf Iberica, Madrid, Spain) at 4°C for 15 min at 8000 xg. Samples were filtered through a 0.45
pum nylon filter and analyzed by an HPLC system equipped with a Waters 515 HPLC pump. A Waters 2414 re-
fractive index detector, a 5-um Tracer Carbohydr column (250 mm x 4.5 mm) (Teknokroma, Barcelona, Spain),
and a 20-pL loop Rheodyne injector were used for the sugar analysis. The mobile phase was composed of ace-
tonitrile and water (75:25) at a flow rate of 1.0 mL-min *. Fructose, glucose and sucrose sugars were identified
by comparing their retention time with a standard and were quantified using an external calibration curve. The
Empower 2 software (Waters, Spain) was used for data processing. Standards were obtained from Sigma (Sigma
Co., Barcelona, Spain). The results were expressed as g-L . The effectiveness of extractions was ascertained
using fucose, a sugar that is absent in the extracts, as an internal standard.
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2.7. Statistical Analysis

Statistical analyses were performed with the Statgraphics Plus software package, and analyses of variance
(ANOVA) of at least three determinations from independent trees were run, and a Duncan’s LSD multiple range
test (p < 0.05) was done to discriminate among means. For both the Principal Component Analysis (PCA) and
Cluster Analysis (CA), the complete dataset, including all the replicates, was considered. FactoMineR (R. R
package version 1.28) and Community Ecology Package (R package version 2.2-0) were used [24]-[26].

3. Results and Discussion

All the samples studied in this paper were harvested in the maturity stage at the IVIA between October and April,
depending on the variety chosen, from the same field and under the same climatic conditions to reduce addition-
al sources of variance. The present paper provides comprehensive information about the chemical constituents,
and correlation by a multivariate discriminant analysis from these compounds was used, including PCA and CA.
For some samples, these data were documented for the first time, although some quality parameters, including
juice yield and maturity index, seed number and pollen germination data, have been well-described in previous
works. Fruit weight, size, acidity, maturity index and harvest time (Table 1), as well as chemical and nutritional
composition (Table 2 and Table 3), are important factors for evaluating the internal quality of citrus cultivars. It
is important to note that among all the studied varieties, clementine mandarins Arrufatina, Fina and Loretina
gave the highest maturity index values (from 11.00 to 14.00) in the optimum ripening stage. Some hybrids ob-
tained values below 8.0, and the remaining varieties presented similar values, between 9.0 and 10.0. The per-
centages of juice yields were around 50%, although the new varieties obtained from 023 and Y25 obtained val-
ues that came close to or were above 60%.

3.1. Vitamin C and TAA

Citrus fruits are a well-known nutrient source of vitamin C in dietary intake, this being the major antioxidant
compound found in these fruits [2]. Table 2 shows the total vitamin C content determined by the HPLC method
(expressed as mg-100 mL* values) and the TAA is expressed as L-ASC equivalents (mg-100 mL™) determined
by ABTS method. The total vitamin C levels ranged from 19.57 to 59.30 mg-100 mL™, which is in agreement

Table 1. Fruit quality parameters in mandarins studied™.

Names Weight (g) Diameter (mm) Height (mm) Mat. Index % juice
Arrufatina 97.20 d 59.93 de 48.37 de 12.60i 36.80a
Fina 84.00b 55.30 b 48.77 de 11.70h 39.00b
Loretina 74.30a 53.33a 49.07 de 10.90 g 4483 ¢c
Moncada 129.75¢g 67.60 g 49.55e 10.48 fg 52.50 e
Moncalina 11750 f 66.88 g 48.65 de 10.08 f 54.50 f
023 86.50 bc 52.65 a 4155a 6.75a 59.85 h
P512 11750 f 57.00c 44.45 be 8.35¢C 59.95 h
F518 85.50 bc 53.45a 43.15Db 10.55fg 62.05 i
Y25 84.00 b 54.90 b 44.65 bc 9.40 de 56.85 g
p223 87.00 bc 60.25e 56.80 h 10.0 ef 55.55 fg
F210 107.0e 63.15f 54.30 g 9.05d 54.90 f
Ellendale 1294 ¢ 66.90 g 51.65f 7.53b 59.67 h
Fortune 96.37d 60.03 e 4750d 6.60 a 55.60 fg
Murcott 94.00d 59.00 d 45.75¢ 9.35de 51.00e
Murta 88.25¢ 59.00 d 4525¢ 750b 48.50d

!Data are expressed as mean (n = 3 - 9); different letters in the same column, indicate significant differences (p < 0.05).
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Table 2. Vitamin C (mg-100-mL %), TAA (mg-100-mL %), Flavonoids (mg-100-mL ") and Carotenoids (mg-L %), in mandar-

ins studied®.
Names Vit. C? TAA® Ratio* Narirutin -~ Hesperidin ~ Didymin p-Cryp® p-Car® Vit. A®
Arrufatina 59.30 m 66.92 g 113a 540 f 1294 b 0.67 abc 1054 e 0.103 abc 895
Fina 47.26 1 57.24 f 121ab 1.96 abc 14.17 bed 0.53a 14.23 h 0.102 abc 1203
Loretina 48.77 1 67.119 1.38 bc 2.05 abc 13.93 be 0.55ab 10.73 e 0.103 abc 911
Moncada 2351 bc 37.87ab 1.61 def 172 ab 14.19 bed 0.53a 2.72a 0.112¢c 245
Moncalina 22.06 ab 36.46 a 1.66 ef 1.62 ab 15.13 cd 0.55ab 359b 0.139d 322
023 26.90 de 44.03d 1.64 def 3.05cd 19.01e 1.16 ef 3.04ab 0.159 de 280
P512 29.11 ef 42.45 cd 1.46 cd 5.01 ef 20.55 ef 1.29f 2.99 ab 0.217¢9 285
F518 32.78 gh 54.25 ¢ 1.65 def 3.76 de 19.92 ef 1.15ef 2.63a 0.176 ef 248
Y25 36.73ij 57.59 ef 1.57 cdef 1557k 24.08 hi 0.92 cde 3.11ab 0.185f 290
P223 39.55 jk 69.57 g 1.76 fg 12.95ij 25551 0.79 bed 3.08ab 0.098 abc 273
F210 39.97k 67.99 ¢ 1.70 fg 11.63i 23.97 ghi 0.75 abc 292 ab 0.109 ¢ 261
Ellendale 40.77k 67.28 ¢ 1.65 def 8.81h 21.72 fg 2.92 hi 13.13g 0.108 bc 1112
Fortune 19.57 a 41.74 bed 2.13h 6.90 g 22.00 fgh 3.12i 10.36 e 0.098 abc 880
Murcott 2212 ab 38.40 abc 1.74 fg 12.65i 6.65a 257¢ 1155 f 0.377i 1025
Murta 25.66 cd 41.74 cd 1.63 def 14.04 j 7.26a 2.86h 8.43d 0.284h 750

Data are expressed as mean (n = 3 - 9); different letters in the same column, indicate significant differences (p < 0.05); 2As vitamin C total deter-
mined by the HPLC method; Total antioxidant activity from the hydrophilic fraction expressed as L-ASC equivalent determined by the ABTS

method; *TAA/Vit C total. 3g-cryp = p-cryptoxanthin, and -car = g-carotene; *Value expressed as retinol equivalents L.

Table 3. Organic acids and Carbohydrates (g-L ™) in mandarins studied®.

Names Citric Malic Succinic Fructose Glucose Sucrose
Arrufatina 8.97 abc 8.14 ef 147¢c 10.49 ab 10.71 ab 59.18 ¢
Fina 6.68 a 9.13¢gh 0.69a 15.81 cd 12.89 abc 64.88 cd
Loretina 8.04 ab 7.39e 0.71a 14.40 abc 13.19 abc 52.42 bc
Moncada 9.01 abc 8.76 fg 2.74 efg 25.03f 20.93 de 75.90 de
Moncalina 9.86 bcd 8.90 fg 2.72 efg 24.85f 19.94d 77.32 de
023 10.00 bed 8.85fg 2.74 efg 35.82¢9 28.40 fg 43.66 ab
p512 10.77 cde 9.22gh 3.07h 2761f 2112 de 53.35 bc
F518 11.22 cdef 8.85fg 2.96 gh 33.28¢g 25.64 ef 59.55¢
Y25 12.03 def 9.93h 3.59i 17.61 cd 13.49 abc 82.65 ef
p223 13.35 ef 11.20i 2.96 gh 23.76 ef 16.69 cd 95.91 fg
F210 1352 f 12.75j 2.92gh 19.99 de 14.22 abc 75.31de
Ellendale 26.54 ) 7.70e 1.12b 15.13 bed 13.69 abc 59.01c
Fortune 21.08 hi 5.35cd 2.85gh 14.97 bed 13.79 abc 55.02 bc
Murcott 19.44 h 4.96 bed 2.57 ef 33.679g 30.69 gh 96.18 g
Murta 16.39¢g 4.56 abc 249¢ 36.25¢g 34.67 h 111.24h

'Data are expressed as mean (n = 3 - 9); different letters in the same column, indicate significant differences (p < 0.05).

with those reported in the literature for different citrus varieties [4]. Clementine mandarins Arrufatina, Loretina
and Fina displayed the highest values of total vitamin C, followed by the hybrid Ellendale, while Fortune,
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Moncalina and Murcott presented the lowest values (Table 2).

Regarding antioxidant activity, the most widely used methods for measuring it are those that involve the gen-
eration of radical species; presence of antioxidant determines the disappearance of these radicals. The DPPH,
ABTS, FRAP and oxygen radical absorbance capacity (ORAC) assays are the most widely used methods for
determining antioxidant capacity in vitro [27]. We used herein an end-point method for estimating TAA from
the aqueous phase, which is easy and rapid to perform, and the correlation between ascorbic acid and antioxidant
activity was also examined. The ABTS radical can be generated by the enzymatic system formed by hydrogen
peroxide and horseradish peroxidase. Based on these considerations, Cano et al. [19] developed a spectropho-
tometric end-point method to evaluate ascorbic acid in aqueous media under optimal conditions of temperature,
pH and reagent concentration. Significant differences were observed among the juices of the different tested va-
rieties. Fortune and Moncada/Murcott series, showed the lowest antioxidant activity value. These values can be
related to the lower vitamin C level exhibited by the Fortune and Moncada/Murcott series when compared with
the other studied varieties. New varieties P223 and F210 displayed the highest TAA values (69.57 mg-100 mL™*
and 67.99 mg-100 mL ?, respectively). In all cases, the TAA of the hydrophilic fraction was higher than the ab-
solute contribution of the analyzed ascorbic acid (Table 2).

3.2. Flavonoids Content

In general, flavonoids may contribute to fruit and juice quality in many ways, which influences their appearance,
taste and nutritional value. Flavonoids are widely distributed in fruits and each species is characterized by a par-
ticular flavanone glycoside pattern [7] [9] [28]. Flavanones are major flavonoids in citrus fruits and we have ob-
served that the evaluated cultivars did not differ in terms of the individual flavonoid chromatographic profiles.
Except Murcott and Murta, as shown in Table 2, the most abundant flavanone glycoside identified in mandarins
and hybrids juice was hesperidin, which was detected at the highest concentrations, followed by narirutin and
didymin. The amounts of hesperidin varied between 25.75 and 12.94 mg-100 mL ™, and these values agree with
those reported in the literature for other citrus varieties. Regarding level of naritutin, recent studies have shown a
naritutin content above that of hesperidin in citrus varieties Murcott tangor and in Mineola tangelo. Murcott and
Murta fruit juices gave high narirutin values (12.65 and 14.04 mg-100 mL ™, respectively), while Y25 and new
varieties P223 and F210 also displayed high narirutin content (11.63 to 15.57 mg-100 mL ™). For didymin levels,
the values shown in all the studied varieties agree with previous studies into tangor and mandarin fruits [18] [21] [29].

3.3. Carotenoids Content

The peel and pulp of citrus fruits are an important source of carotenoids, and thus of natural pigments; in juices,
the most abundant ones are f-carotene, S-cryptoxanthin, lutein and zeaxanthin, all of which have antioxidant ac-
tivity. The vitamin A value was calculated as the retinol equivalent (RE) according to Dhuique-Mayer et al. [9].
Previous results in mandarin species have indicated in most varieties that clementines present larger amounts of
S-cryptoxanthin as the most abundant nutritional carotenoid and low concentrations of S-carotene in all the ci-
trus cultivars studied [22]. Our results coincide with this previously reported citrus study, and we identified and
quantified S-cryptoxanthin and S-carotene from the saponified extracts of the juices of all the citrus cultivars
studied (Table 2). In addition, violaxanthin and zeaxanthin were identified tentatively based on retention times
and absorption spectrum characteristics with the corresponding authentic standards (data not reported). The
S-Carotene values ranged from 0.082 to 0.377 mg-L " of juice from the saponified extracts of the juices, whereas
all the studied citrus cultivars presented larger amounts of s-cryptoxanthin (between 2.63 and 14.23 mg-L™* of
juice), with Fina, Ellendale and Murcott being especially rich in this main provitamin A carotenoid (Table 2).

3.4. Organic Acids and Carbohydrates Content

The ratio between sugars and organic acids upon consumption maturity is a common quality index and a good
indicator of internal fruit quality. The main organic acids of citrus fruits are citric and malic acids. Traces of
benzoic, oxalic and succinic acids have also been reported [5] [6] [30]. Herein the organic acid profile was de-
termined and three acids were quantified (Table 3). Ellendale exhibited the highest levels of citric acid (26.54
g-L %), followed by Fortune and Murcott. The remaining values ranged from 6.68 to 16.39 g-L*, similarly to
those reported previously [4] [23]. Sugar composition was determined and three sugars were quantified in all the
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arieties studied (Table 3). Sugars are major components of citrus juice soluble solids and sweetness of citrus
juice is intrinsic to its sugar composition. The predominant sugar found was sucrose, which is in agreement with
the literature, followed by fructose and glucose [6] [30]. Murta and Murcott fruit juices gave the highest levels
of sucrose (111.24 and 96.18 g-L ™), followed by Y25, P223 and F210. The remaining sucrose values ranged
from 34.63 to 77.32 gL *. The fructose:glucose:sucrose ratio (1:1:2) was similar for all the cultivars under study,
and sucrose was present in all the cultivars in the largest amounts.

3.5. Principal Component Analysis and Clustering

Through a correlation by a multivariate discriminant analysis, the 15 citrus cultivars were clustered into four
groups consistently with citrus types. The PCA separated samples according to the composition of bioactive
compounds and antioxidant activity, which supported the formation of four groups. The PCA analysis results are
shown in Figure 1(a), where groupings are suggested. It is apparent that clementines (Arrufatina, Fina, Loretina)
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Figure 1. Bi-plot of principal component 2 and principal com-
ponent 1 for the different mandarins studied: (a) Individual fac-
tor map: differentiation of citrus using PCA, arbitrary groups
are represented by ellipses; (b) Variables factor map: factor
loading for principal component.
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Figure 2. Dendogram of the cluster analysis for the different mandarins studied.

formed a single group. A second group was formed by hybrids Murcott and Murta. Clementine hybrids (Y25,
P223, F210, Moncada, Moncalina, 023, P512 and F518) formed a third group. Fortune and Ellendale appeared
outside, formed the fourth group. Regarding the correlation between variables (Figure 1(b)), the first principal
component (PC1) (31.90% of variance) correlated mainly with content of sugars (positively) and antioxidants
(negatively), while the second component (PC2, 21.64% of variablility) correlated positively with the vitamin A
value and g-cryptoxanthin. The CA analysis results (Figure 2) correlated very well with the PCA analysis: cle-
mentines, clementine hybrids, hybrids Murcott and Murta; and Fortune and Ellendale appeared outside, formed
the fourth group.

4. Conclusion

The results of this study encourage us to continue investigations in new mandarin cultivars with different polli-
nation, seed production and parthenocarpic abilities. Regarding flavonoids and vitamin C content, some culti-
vars presented high contents of both these antioxidants, of which Y25, P223 and F210 are stressed, and obtained
higher TAA values. Major differences must be attributed mainly to genetic factors. We found clear differences
in the main nutritional components and in antioxidant activity for the different groups, as suggested by the PCA
and CA analyses, which agrees with the Citrus classification, with a few exceptions. The data presented herein
are an important factor to help choose varieties with high potential as a nutraceutical source. These aspects are
necessary as consumers demand the prevention of health problems through nutrition and certain fruit quality
traits, which include fruit size, internal quality, good rind color and easy peeling.
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