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ABSTRACT

Twenty Citrus cultivars grown in the Mediterranean climate were analysed at different stages of fruit maturity to deter-
minate changes in organic acids, vitamin C and sugars. High-performance liquid chromatographic methods were used to
identify and quantify of these compounds. The influences of variety, rootstocks and different stages of fruit maturity
were observed. Generally, the vitamin C content was higher in varieties grafted on Troyer citrange that the correspond-
ing cultivars grafted on Cleopatra mandarin. At commercial harvest stage, lemons, clementine mandarins and sweet
oranges, showed the highest concentrations of vitamin C; citrons, limes and lemons, the higher amounts of organic ac-
ids; and mandarins and hybrids the highest amounts of sugars. Since sugars and acids played an important role in fruit
flavor and their nature and concentration largely affect taste characteristic and organoleptic quality, we hope to relate
genotypes and differences in final fruit quality. We have found clear differences in the content of sugars, ascorbic and
organic acids for the different groups in agreement with the Citrus classification. Also climatic and cultural factors have
affected to fruit quality, and anticipate or delay the collection generally results in a loss of bioactive compounds. The
fruit quality was affected differently and we have observed differences in accordance with the rootstocks used but, the
major differences in nutritional composition must be attributed mainly to genetic factors. The data presented are an im-

portant factor to chose varieties with a high potential as nutraceutical source.
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1. Introduction

Citrus is one of the most important commercial fruit
crops in the world, and fruit weight, size, acidity and
maturity index, harvest time, chemical and nutritional
composition are important quality traits for fresh citrus
consumption and acceptance by the citrus industry. An
increase in the consumption of fruits and vegetables is
associated with a decrease in the incidence of cardiovas-
cular disease and reduce risks of certain cancers. Thus,
citrus fruits have received much attention because of its
nutritional and antioxidant properties and nowadays pre-
vention of health problems through nutrition is promoted
intensively, due mainly to the contribution of antioxidant
compounds including vitamin C, phenolics compounds
and carotenoids. Chemical variability of bioactive com-
pounds and its relationship with genetic and climatic
factors has been studied by diverse authors, and its con-
tribution to the plant taxonomy has been reported [1-4].
Organic acids, sugars and phenolic compounds are among
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the major compounds of citrus fruit pulp. Their nature
and concentration largely affect taste characteristics and
organoleptic quality. Organic acids and sugars vary ac-
cordig to species, varieties, and also environmental and
horticultural conditions such as climate, rootstock, and
irrigation [5]. Also the effect of citrus rootstocks on fruit
nutricional quality has been studied by diverse authors.
According to the kind of rootstock used, different mor-
phological and biological characteristics are obtained,
including plant growth and fruit production, tree size,
adaptation to certain soil conditions, size, texture, inter-
nal quality and maturity [6,7].

The content of vitamin C and other organic acids in
fruits and vegetables can be influenced by various factors
such as genotypic differences, preharvest climatic condi-
tions and cultural practices, maturity and harvesting
methods [5,8,9]. Organic acids are a useful index of au-
thenticity in fruit products, since they have lower suscep-
tibility to change during processing and storage than
other components of fruits. At the same time, some or-
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ganic acids may be used as indicators of ripeness, bacte-
rial activity and adulteration [10,11]. Previous reports of
biochemical compounds have focused mainly on com-
mercial varieties, and information regarding changes in
biochemical constitutes of citrus fruit during ripening can
be found in various reports [12,13]. However there is no
comprehensive information regarding the changes in
chemical bioconstituents during citrus fruits ripening in
the same conditions of climate and field. We had studied
the chemical variability of bioactive compounds in citrus
pulp and juice and its relationship with genetic and cli-
matic factors, and recently, we have evaluated the rind
content of bioactive constituents (flavonoids, carotenoids,
vitamin-C, essential oils and mineral composition) in
several mandarin and orange cultivars from Mediterra-
nean area [14-16]. Current paper provides significant
new information to the citriculture industry to chose va-
rieties with a high potential as nutraceutical source. Most
of the studies on organic acid and sugar content are per-
formed during fruit maturation but only a small amount
data were obtained before maturation. In this way, Alber-
tini et al. provided a wide report on sugar and organic
acid accumulation during the early stages of fruit deve-
lopment in three citrus species (lemon, lime and orange)
[5], while Pailly et al. evaluated the effects of harvest
date on grapefruits [17]. More recently Ladaniya and
Mabhalle examined the fruit maturity changes in soluble
sugars and organoleptic characteristics of “Mosambi”
orange [18].

Maturity is one of the major factors that determines the
compositional quality of fruits and vegetables [9]. From
commercial point of view, it is important to extend the
commercial harvest time of citrus fruits without com-
promising the nutricional quality. Now, the aim of our
study was to better understand the behaviour of several
citrus genotypes and characterize the changes in total
vitamin C, organic acids and carbohydrates during fruit
maturation and, where possible, examine the influence of
rootstocks on the bioactive content. Also the influence of
variety on the content of some bioactive constituents
during the best commercial harvest time having a goods
balance of sweet taste and a refreshing aroma is dis-
cussed. Sugars are the major components of citrus juice
soluble solids and sweetness of citrus juice is intrinsic to
its sugar composition. Sucrose, fructose and glucose are
the main sugars in citrus fruits. The main organic acids of
citrus fruits are citric and malic acids. In addition, tartaric,
benzoic, oxalic and succinic acids have been reported in
smaller amounts [19]. Since these sugars and acids played
an important role in fruit flavor and their nature and
concentration largely affect taste characteristic and or-
ganoleptic quality, we hope to find patterns among geno-
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types associates with differences in final fruit quality
[5.8].

2. Materials and Methods
2.1. Instruments

Polytrom PT3100 homogenizer (Kinematica AG, Swit-
zerland) and an Eppendorf 5810R centrifuge (Eppendorf
Iberica, Madrid, Spain) were used for sample treatment.
Analysis was made using an Alliance liquid chroma-
tographic system (Waters, Barcelona, Spain) equipped
with a 2695 separation module, coupled to a 2996 photo-
diode array detector and a ZQ2000 mass detector. A
thermostat column oven, a reverse-phase column Cig
Tracer Excel 5 um 120 OSDB (250 mm x 4.6 mm)
(Teknokroma, Barcelona, Spain), a ICSep ICE-CORE-
GEL 87H3 column (Transgenomic), a ICSep ICE-CO-
REGEL 87H guard kit, and an automatic injector were
used for chromatographic separation. Empower 2 soft-
ware was used for data acquisition. Sample temperature
was 5°C, column temperature was 25°C or 35°C, and the
UV-Vis spectra were recorded from 280 to 400 nm. An
HPLC system equipped with a Waters 515 HPLC pump,
a Waters 2414 refractive index detector, a column Tracer
Carbohydr 5 pm (250 mm x 4.5 mm) (Teknokroma,
Barcelona, Spain), and a 20 uL loop Rheodyne injector
were used for sugar analysis. Empower 2 software (Wa-
ters, Spain) was used for data processing.

2.2. Plant Material and Sampling

After full fruit development and at different stages of
fruit maturity, representative samples were taken from
healthy adult trees of the Field Collection of Citrus Ger-
moplasm Bank held at Instituto Valenciano de Investiga-
ciones Agrarias (IVIA) located at Moncada (Valencia,
Spain). The cultivars studied were mandarins (clementine,
satsume and others), hybrids, sweet oranges, grapefruits,
pummelos, citrons, limes and lemons, and, where possi-
ble, we chose two different rootstocks for each cultivar
(see Table 1). All cultivars shared the same environ-
mental, cultural and soil conditions, thus the differences
among cultivars were not influenced by climatic factors
or crop techniques. Harvest was performed at eleven
succesive periods during the 2009-2010 season between
September and March (Table 1). Twenty fruits per cul-
tivar were collected and separated into three replicates:
15 fruits per replicate were analysed for its content in
total vitamin C, organic acids and carbohydrates, and 5
fruits per replicate were peeled and used to obtain the
juice using a Zumonat machine (Somatic-AMD, Spain)
and analyzed for °Brix with a refractometer (Atago Co.
Ltd., Japan) and for acidity by titration with 0.1 N NaOH
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Table 1. Name and harvest date of the citrus cultivars studied.

Name Genera species (Scientific name) Rootstocks®
Clementine mandarins
1. “Fina” C. clementina Hort. ex Tan. Troyer
2. “Loretina” C. clementina Hort. ex Tan. Troyer and Cleopatra

3. “Arrufatina”

4. “Frost”

5. “Dancy”

6. “Comun”

7. “Fortune”
8. “Murcott”
9. “Ellendale”

10. “Navelate”
11. “Valencia Late

12. “Sanguinelli”

13. “Marsh”
14. “Star Ruby”

15. “Gil”
16. “Deep Red”

17. “Arizona”

18. “Mejicana”

19. “Bearss”

20. “Fino”

C. clementina Hort. ex Tan.
Satsume mandarins
C. unshiu (Mak.) Marc.
Other mandarins
C. tangerina Hort. ex Tan.
C. deliciosa Ten.
Hybrids
C. clementina x C. tangerina?
C. reticulata x C. sinensis®
C. reticulata x C. sinensis®
Sweet Oranges
C. sinensis (L.) Osb.
C. sinensis (L.) Osb.
C. sinensis (L.) Osb.
Grapefruits
C. paradisi Macf.
C. paradisi Macf.
Pummelos
C. grandis (L.) Osb.
C. grandis (L.) Osb.
Citrons
C. medica L. Var. ethrog Engl.
Limes
C. aurantifolia (Christm.) Swing
C. latifolia Tan.
Lemons
C. limon (L.) Burm. f

Cleopatra

Troyer and Cleopatra

Carrizo

Carrizo

Troyer and Cleopatra
Carrizo

Troyer

Troyer and Cleopatra
Troyer and Cleopatra

Troyer

Troyer
Troyer

Troyer
Troyer

Troyer and Cleopatra

Troyer and Cleopatra
Troyer and Cleopatra

Macrop and Sour

Harvest Date

Number data

Cultivars sampled

07 September 2009
21 September 2009
05 October 2009
19 October 2009
02 November 2009
16 November 2009
30 November 2009
14 December 2009
11 January 2010
01 February 2010
22 March 2010

Data |
Data Il
Data 111
Data IV
Data V
Data VI
Data VI
Data V111
Data IX
Data X
Data XI

1-14,16-20
1-20
1-20
1-20
1-20
1-20
1,4-17,19,20
1,4-17,19,20
1,4-17,19,20
5,7-16,20
7,8,10-16

"Troyer = Troyer citrange (C. sinensis (L.) Osb. x Poncirus trifoliata (L.) Raf.); Cleopatra = Cleopatra mandarin (C. reshni Hort. ex
Tan.); Carrizo = Carrizo citrange (C. sinensis (L.) Osb. x Poncirus trifoliata (L.) Raf.); Macrop = C. macrophylla Wester; Sour =
Sour orange (C. aurantium L.); °C. reticulata Blanco x C. tangerina Hort. ex Tan.; (°): C. reticulata Blanco x C. sinensis (L.) Osb.

Copyright © 2012 SciRes.
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using phenolphthalein as indicator.

2.3. General Procedure for Extraction and
Analysis of Vitamin C (Total Ascorbic Acid)

Total vitamin C (ascorbic acid and dehydroascorbic acid)
was determined by HPLC-DAD. The procedure used was
the reduction of dehydroascorbic acid to ascorbic acid,
using DL-dithiothreitol (DTT) as reducing reagent [1,14].
Briefly, 1 mL of filtered juice was mixed with 1 mL of
5% metaphosphoric acid solution, and then the sample
was centrifuged at 4°C for 5 min at 10.000 rpm. One mil-
lilitre of supernatant was mixed with 200 pL of DTT (20
mg/mL) and left to react for 2 h in the dark, then filtered
through 0.45 pum filter and used for total ascorbic acid
determination by HPLC-DAD. A reverse-phase C;g co-
lumn was used with an isocratic mobile phase of metha-
nol: 0.6% acetic acid (5:95). The total run time was 10
min at 1 mL/min, and injection volume was 5 pL. The
retention time of ascorbic acid was 3.8 min, and quanti-
fication of ascorbic acid was performed at 245 nm by
external standard calibration. L-Ascorbic acid and DTT
were obtained from Sigma (Sigma Co., Barcelona, Spain)
and Fluka (Sigma Co., Barcelona, Spain), respectively.
All solvents used were of HPLC-grade and ultrapure
water (Milli-Q) was used.

2.4. General Procedure for Extraction and
Analysis of Organic Acids

I mL of filtered juice was mixed with 1 mL of 0.1%
H,SO, solution, and then the sample was centrifuged at
4°C for 5 min at 10.000 rpm. The supernatant were fil-
tered through 0.45 pum filter and analysed by HPLC-
DAD, and confirmed by HPLC-MS working in electros-
pray ion negative conditions [14]. The capillary voltage
was 3.0 kV, cone voltage 23 V, source temperature
100°C, desolvation temperature 200°C and desolvation
gas flow 400 L/Hr. Full data acquisition was performed
scanning 100 to 400 uma in centroid mode. An ICSep
ICE-COREGEL 87H3 column was used with an isocratic
mobile phase of 0.1% H,SO, solution. The total run time
was 20 min at 0.6 mL/min, and injection volume was 5
pL. Compounds were indentified on the basis of com-
paring their retention times, UV-Vis spectra and mass
spectrum data with corresponding authentic standards.
Concentrations were determined using an external cali-
bration curve with citric acid (rr = 8.01 min; [M-H]" 191
m/z), malic acid (rp = 9.41 min; [M-H]" 133 m/z), and
succinic acid (rr = 11.43 min; [M-H]" 117 m/z). All sol-
vents were of HPLC-grade and ultrapure water (Milli-Q)
was used. Standards were obtained from Sigma (Sigma
Co., Barcelona, Spain).

Copyright © 2012 SciRes.

2.5. General Procedure for Extraction and
Analysis of Carbohydrates

2 mL of juice were centrifuged at 10.000 rpm for 5 min
at 4°C. The samples were filtered through 0.45 pm nylon
filter and analyzed by HPLC using a column Tracer
Carbohydr 250 mm x 4.5 mm, 5 pm (Teknokroma, Bar-
celona, Spain) and a mobile phase composed by acetoni-
trile:water (75:25) at a flow rate of 1 mL-min"". Fructose,
glucose and sucrose sugars were indentified comparing
their retention time with a standard and quantified using
an external calibration curve [14].

2.6. Data Analysis

Data were expressed as means. One-way ANOVA analy-
ses were carried out with the Statgraphics Plus package,
and the Duncan test method (p < 0.05) was applied to
experimental data and to estimate significant differences
amongst data.

3. Results and Discussion

The purpuse of the present study was the fast and effi-
cient analysis of vitamin C, organic acids and sugars us-
ing high-performance liquid chromatographic methods in
twenty citrus cultivars and examine the influence of the
variety and the different stages of fruit maturity. Also,
where possible, we chose cultivars grafted onto different
rootstocks. Because fruit weight, size, acidity, maturity
index (a relationship between °Brix and acidity), harvest
time, chemical and nutritional composition are important
quality traits, all of the citrus samples studied in this pa-
per were harvested in the same field and year and also
produced under the same conditions of climate to reduce
additional sources of variance. After full fruit develop-
ment and at different stages of fruit maturity, harvest was
performed at eleven succesive periods except in those
cultivars whose fruit was loss before (Table 1). Tables 2
and 3 sumarize the changes during maturation at dates |
to V, while in Tables 4-6 we report the changes during
maturation at dates V to XI.

In attempt to analyse the Citrus classification using the
data obtained, we studied the vitamin C: citric acid: su-
crose ratio comparing the influence of variety at com-
mercial harvest stage (see Figure 1). We have chosen the
best period time for harvest to carry out the study the
chemical variability between varieties, noting that there
are cultivars with a wide period of maintaining their fruit
quality in the tree (fruit size, internal quality, good rind
colour, taste and organoleptic properties).

°Brix, acidity and maturity index indicate the maturity
status of the fruit. Obviously, the cultivars showed in-
creasing maturity index values between September 7,
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Table 2. Changes in the maturity index and vitamin C for different cultivars (2, 4, 7, 10, 11, 17 - 20) and rootstocks (from I to V)*.

Cultivar Date Maturity Index Vitamin C*
Troyer Cleopatra Troyer Cleopatra
2. “Loretina” 1 5.59+0.92 425+0.27 534143217 61.81+5.17"
2. “Loretina” ] 7.51+0.61 8.27+0.11 53.18 + 1.64 58.35 +3.06
2. “Loretina” 11 9.15+1.92 8.65+1.53 54.08 + 1.01 51.76 £9.33
2. “Loretina” \V 11.26 £0.61 10.11 £0.24 47.10+£3.63 51.58 +0.66
2. “Loretina” Y, 13.31+£0.25 12.39£0.53 44.99 +4.03" 60.66 +4.17"
4. “Frost” | 3.15+0.26 2914031 2374 +1.48 22.77+1.57
4. “Frost” 1 4.40+0.19 3.91+0.20 23.52+1.75 22.69 +1.88
4. “Frost” 1l 6.63+0.43" 4744091 20.46 +0.38 2122+1.73
4. “Frost” \V 7.64+0.34 7.34+0.35 25.57 +0.67 24.53+1.84
4. “Frost” \Y 10.41 £0.25 7.75+0.51 26.56 +0.99 25.33 £0.57
7. “Fortune” | 1.53 +0.06 1.55+0.03 27.34+1.36 23.30 £2.83"
7. “Fortune” 1 1.76 £0.05 1.76 £ 0.01 20.98 +0.72 19.31 £0.90
7. “Fortune” 11 1.88+0.12 1.76 +£0.05 17.38 +4.06 18.67 +1.87
7. “Fortune” v 235+0.11 245 +0.08 18.50 +0.89 15.90 £0.17
7. “Fortune” \Y; 2.89+0.16 291+0.17 16.35+0.98 17.54 £3.72
10. “Navelate” | 3.05+0.12 2.67+0.33 71.47 +2.64" 88.54+6.93"
10. “Navelate” 1 3.68 £0.06 3.31+0.32 65.18 +3.87 67.25+5.87
10. “Navelate” 11 3.79+0.27 3.58+0.43 58.14 £2.30 61.63£3.16
10. “Navelate” v 435+0.53 4.02 +0.62 57.38 £3.67 61.47 £3.03
10. “Navelate” \Y; 6.04+0.28" 4.92+0.76" 53.39 + 1.65 52.88+0.56
11. “Valencia L.” | 2.49+0.13 232+0.13 88.08 +8.91 83.52+0.75
11. “Valencia L.” 1 2.65+0.26 2.41+0.06 74.86 + 2.08 70.53 +4.16
11. “Valencia L.” 1 270+0.12 2.54+0.23 67.44 +1.82 68.05+2.39
11. “Valencia L.” v 2.78 £0.06 2.46+0.19 67.89 +2.98 66.74 +2.98
11. “Valencia L.” \Y 2.99+0.30" 2.54+0.16" 58.10 £2.72 62.38 £2.73
17. “Arizona” | 1.4240.03" 1.29 £0.06" 51.62+4.67" 36.18+0.26”
17. “Arizona” 1 1.4140.02 1.40 +0.00 43.87 £0.05" 31.47+0.257
17. “Arizona” 11 1.15+0.05" 1.29 £0.05" 4341 £2.98" 38.00 +2.24"
17. “Arizona” v 1.14£0.02 1.17 £0.02 4157 £1.06" 27.81 £0.46"
17. “Arizona” \Y, 1.17£0.03" 1.10 £0.04" 38.94+4.59" 27.94 +0.98"
18. “Mejicana” 1 1.35+0.01" 1.43 £0.08 52244243 4376+ 1.18"
18. “Mejicana” 1 1.3140.01 1.3540.02 45.02+1.76 43.70 + 1.57
18. “Mejicana” 11 1.19+0.05" 1.10 £ 0.05" 36.53 +3.00 35.62 £2.20
18. “Mejicana” v 1.17 £0.03 1.22+0.04 34.66 + 1.96 3246 +1.11
18. “Mejicana” \Y; 1.10 +0.03 1.10 +0.02 28.19+2.21 30.58 +1.22
19. “Bears” | 1.67+0.13 1.61 £0.06 4117120 43.10+2.22
19. “Bears” 1 1.79 +0.02 1.66 +0.10 36.82 +0.22 34.50 £ 1.69
19. “Bears” 1 1.62+0.08" 1.46+0.10° 28.82+3.307 32.75+0.85"
19. “Bears” v 1.60£0.16" 1.36 +0.03" 30.91+0.88 33.42+0.93
19. “Bears” \Y 1.53 £0.05 1.40 £0.153 29.39 +2.56 30.18 +2.88
Macrophylla Sour orange Macrophylla Sour orange
20. “Fino” | 1.53+0.03" 1.43 £0.03" 93.15+3.76" 73.94+0.32"
20. “Fino” 1 1.38£0.02 1.37+0.01 85.79 +2.24™ 70.29 +0.29"
20. “Fino” 11 1.33+0.04 1.30 +£0.06 76.30 £3.17" 63.97 £2.35™
20. “Fino” v 1.27+0.08 1.30 +£0.07 69.95+2.62" 63.89 +5.29”
20. “Fino” \Y 1.27 £0.06 1.26 £0.04 65.18+1.56" 52.66+2.12"

*Data are expressed as mean (n = 6) * standard deviation; 'mg vitamin C total/100mL juice; ™" Cultivars with significantly different values of maturity index or
vitamin C between rootstocks (same date collection).
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Table 3. Maturity index and vitamin C for different cultivars during maturation (from I to V)*.

Cultivar® Date Maturity Index Vitamin C?
1. “Fina” | 2.55+0.28 62.02 +1.92
1. “Fina” 11 3.86 £0.23 50.64 £ 0.83
1. “Fina” 11 5.64 £0.74 49.76 £ 0.70
1. “Fina” v 8.34 £0.59 50.30 £2.84
1. “Fina” \Y 11.78 £ 0.74 48.10 £4.22
3. “Arrufatina” | 4.32+0.85 62.96 +4.54
3. “Arrufatina” 11 8.07£0.27 55.90 £ 6.66
3. “Arrufatina” 1 10.65+£0.18 56.32+1.43
3. “Arrufatina” v 11.57 £0.65 60.74 + 0.62
3. “Arrufatina” \% 14.13+£0.54 54.80 £ 1.39
5. “Dancy” | 1.36 £ 0.09 28.51+1.39
5. “Dancy” 11 1.56 £0.03 27.73+£3.92
5. “Dancy” 11 1.99 £ 0.13 24.80 + 1.00
5. “Dancy” v 270 £0.20 26.51 £ 0.87
5. “Dancy” \Y 3.61 £0.08 28.03 £ 0.58
6. “Comun” | 1.43 £0.05 36.58 +1.34
6. “Comun” 11 1.49 £0.02 36.11 £3.72
6. “Comun” 11 1.61 £0.06 29.58 £ 0.93
6. “Comun” v 1.87 £0.06 32.45+0.85
6. “Comun” \Y% 2.33+£0.06 31.62 £ 1.52
8. “Murcott” | 1.81 £0.11 20.03 £ 0.87
8. “Murcott” 11 2.20%0.15 18.80 £ 0.50
8. “Murcott” 1 2.57+0.06 20.18 + 1.25
8. “Murcott” v 3.05+£0.08 20.34 +0.47
8. “Murcott” \Y 3.88+£0.16 19.98 £ 1.50
9. “Ellendale” | 1.66 £0.14 63.70 £ 3.16
9. “Ellendale” 11 1.68 £ 0.07 5792 +2.13
9. “Ellendale” 11 1.75£0.05 51.55+1.12
9. “Ellendale” v 2.34+0.34 47.98 £1.86
9. “Ellendale” \Y 2.69%0.15 55.94 +£6.75
12. “Sanguinelli” | 2.98+0.10 70.58 £4.29
12. “Sanguinelli” 11 3.16 £0.20 64.43 +2.22
12. “Sanguinelli” 1 3.21+£0.51 58.37 £8.57
12. “Sanguinelli” v 3.80+0.24 60.78 £ 0.85
12. “Sanguinelli” \Y 441+£0.39 5722+£1.82
13. “Marsh” | 4.08+0.13 84.14 £2.69
13. “Marsh” 11 421+0.27 63.09 £ 3.06
13. “Marsh” 11 4.49 £ 0.50 49.41 £2.06
13. “Marsh” v 4.56 £0.28 48.27+£1.48
13. “Marsh” \Y 4.52+0.09 42.86 £2.12
14. “Star Ruby” | 3.40+£0.20 104.50 £ 6.29
14. “Star Ruby” 11 3.65+£0.21 71.89 +12.37
14. “Star Ruby” 1 4.01 £0.11 59.28 £7.02
14. “Star Ruby” v 4.29+0.12 49.54 +£4.34
14. “Star Ruby” \Y% 4.30%0.10 53.14 £2.02
15. “Gil” 11 6.55+£0.28 67.98 +4.52
15. “Gil” 1 5.74 £0.89 58.58£2.93
15. “Gil” v 4.17£0.25 47.34£4.98
15. “Gil” \Y% 3.94+0.10 49.90 £ 1.85
16. “Deep Red” | 7.80 £ 0.46 110.88 £ 4.80
16. “Deep Red” 11 7.66 £0.52 90.22 £ 0.61
16. “Deep Red” 1 6.76 £ 0.46 68.53+3.92
16. “Deep Red” v 6.74 £0.39 54.45+2.28
16. “Deep Red” \Y% 7.17+£0.77 56.32+£3.74

*Data are expressed as mean (n = 6) + standard deviation; 'Rootstocks: Troyer for 1, 7, 9, 12 - 16; Carrizo for 5, 6, 8; Cleopatra for 3. >mg
vitamin C total/100mL juice.
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Table 4. Changes in the maturity index, vitamin C, organic acids and sugars for mandarins, hybrids and oranges during
maturation (from V to XI)*.

Cultivar* Date  Mat. Index  Vitamin C? Organic acids (gl julce) Sugars (gl julce)
Citric Malic Succinic Fructose Glucose Sucrose
1. “Fina” \Y 11.78 £0.74 48.10+4.22 833+1.04 7.62£0.09 054+£0.02 11.58£2.59 9.50+1.56 45.09+7.64
1. “Fina” Vi 13.51+£0.92 46.54+0.82 7.41+0.21 8.18+£0.17 0.78+0.14 11.49+£0.07 9.56£0.50 57.92+0.75
1. “Fina” \1 13.61+1.38 4936191 6.86+£0.22 9.66+0.21 0.68+0.05 17.58+1.05 15.05+0.38 78.40=%3.63
1. “Fina” VI 1539+£029 4589+£092 576+0.29 954+038 0.61+0.08 1836+1.80 14.05+0.93 48.31+3.35
1. “Fina” IX 1555+£039 48.83+0.78 934+032 10.76+0.26 0.64£0.00 1930+149 15.87+3.14 78.77+7.41
2. “Loretina” \Y 1331 £0.25 4499+4.03 7.75+020 6.59+0.05 0.61+£0.03 13.26+0.61 12.57+£0.92 52.45+2.60
2. “Loretina” VI 1340+£0.19 5421+5.14 8.13+£038 8.08%£041 0.83+£0.06 1562+193 1390+1.49 53.31+£3.30
3. “Arrufatina” \Y 14.13+0.54 5480+139 9.51+1.09 3.18£041 1.50 £0.05 992+0.64 9.78£0.38 61.42+2.87
3. “Arrufatina” Vi 1446+1.02 6235+558 8.60+0.19 9.43+0.17 1.50£0.05 11.05+1.15 11.54+1.31 56.62+2.53
4. “Frost” \Y 1041 £0.25 26.56+£0.992 9.51+1.09 3.18+0.41 1.50+0.05 11.24+094 11.33+0.53 38.84+0.51
4. “Frost” VI 10.74£042 28371055 9.82+026 3.79+0.28 1.58£0.01 14.71+£0.65 14.51+0.68 49.90+3.77
4. “Frost” VII 13.65+£0.19 30.43+0.75 10.17+0.06 4.57+0.03 1.30+0.03 2097+048 1837+0.74 67.35%1.09
4. “Frost” VI 1422+£0.21 20.72+£0.84 10.06£0.78 4.66+046 126+024 17.63+0.51 14.26+0.87 44.48+6.21
4. “Frost” IX 1543+0.71 26.06+1.48 10.17£0.58 4.63£0.37 1.35+£0.04 1468+1.71 12.75+1.65 52.60+2.78
5. “Dancy” \Y 3.61£0.08 28.03+0.58 2570+1.21 3.07+0.16 1.60+£0.07 10.65+0.50 10.52+0.41 3528+1.91
5. “Dancy” Vi 5.06+0.32 3285+1.63 20.75+0.05 4.05+0.18 1.75+£0.02 15.13+1.21 15421057 4143+1.12
5. “Dancy” VIl 5.74+£0.19 33.18£2.10 20.72+0.17 5.19+0.11 1.37+£0.01 2448+1.18 2290+1.83 7538+4.68
5. “Dancy” VI 7.62+082 2325+2.16 1443+1.64 533+£0.19 1.27+0.13 12.19+£1.17 10.23+1.28 46.55+2.39
5. “Dancy” IX 833+0.53 25.66+099 1243+0.29 4.89+0.15 1.04£0.02 1397+1.12 13.24+£0.66 50.20*3.46
5. “Dancy” X 10.25+0.27 2790%+1.09 1427+£0.38 5.46=£0.15 1.08£0.02 12.55+0.50 10.29+0.19 57.19+1.63
6. “Comun” \Y% 2.33+£0.06 31.62+£1.52 4138+0.71 3.24+0.19 1.72+£0.24  6.84£0.38 691+043 24.60+1.77
6. “Comun” Vi 2.83+0.12 3590x0.10 39.73+040 4.61+0.08 1.81+£0.12 887139 850+130 29.80+4.77
6. “Comun” VII 316020 38.61+1.64 35831042 6.08+021 2.35+0.11 9.64+£0.22 874%£0.69 35321093
6. “Comun” Vi 346+0.11 3034+144 3741%+143 639+0.68 241£0.16 9.69+0.89 852+0.73 38.78+1.54
6. “Comun” IX 5.74+0.15 30.08+£0.75 26.08+0.23 6.12+0.08 1.32+£0.02 12.11+£0.59 11.92+0.85 52.70+2.41
7. “Fortune” \% 2.89+0.16 1635£098 2990+1.63 3.09+0.18 1.99+£0.07 8.74£0.35 8.58+0.47 30.61+1.13
7. “Fortune” Vi 3.70+£0.06 18.56+0.75 28.37+0.18 431+023 3.02+£040 11.03+0.43 10.27+0.73 3745%£2.19
7. “Fortune” Vil 4.57+029 1930+£0.98 23.43+0.50 4.58+037 291+£0.08 13.00£0.57 12.44+0.56 39.83+1.98
7. “Fortune” VI 498 £027 13.70£1.02 2044%1.02 483+0.73 245+036 12.14+0.33 10.58+0.22 39.74+1.63
7. “Fortune” IX 539+£0.07 15.17+£0.60 22.18+0.31 5.36+0.07 3.23+0.04 1442+£0.60 13.77+£0.69 50.16%1.96
7. “Fortune” X 7.06 028 2133+£0.70 20.19+0.11 538+0.05 292+0.06 13.52+0.22 12.10+£0.14 54.02+1.08
7. “Fortune” Xl 8.62+0.06 2221+1.54 20.87+0.58 531+054 241+028 1696+1.58 1551+1.58 60.88%2.15
8. “Murcott” \Y% 3.88+0.16 1998+1.50 19.58+0.58 3.05+0.14 1.55+£0.13 8.71£0.18 8.56£0.27 29.05+0.29
8. “Murcott” Vi 442+021 2141+1.59 2354+0.28 3.80+0.12 1.96 £0.01 12.71£271 12.05+2.36 32.74+1.48
8. “Murcott” VII 5.51+030 20.88+0.38 21.11+0.27 3.78+0.16 2.02+0.06 13.83+0.56 13.21+0.24 41.54+2.85
8. “Murcott” Vi 6.16+0.10 13.76+£0.52 19.72+0.75 5321029 190%£0.13 1245+£0.66 10.32+0.62 39.10%1.51
8. “Murcott” IX 7.64£0.07 1552+147 19.84+£0.10 4.33+0.02 1.18£0.02 17.28+£0.29 15.77+0.40 51.80%1.53
8. “Murcott” X 8.57+033 14.66+093 1648+0.09 4.77+0.02 1.01+£0.07 1560+£0.73 13.34+0.53 49.85+2.74
8. “Murcott” Xl 11.50+£0.45 1451£035 17.26£0.11 3.66£0.04 0.76+£0.09 21.74£0.50 19.00+£1.03 60.52+1.80
9. “Ellendale” \Y 2.69+0.15 5594+£6.75 4089+0.70 6.69+£0.69 141+£002 9.09+042 9.63+0.64 30.63+1.82
9. “Ellendale” VI 2.86+0.27 54.0%£247 4223+182 596+0.17 1.89+0.13 11.98+0.52 11.67+0.49 39.02+4.06
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9. “Ellendale” \1 4.02+040 50.61+£145 3438+£0.15 6.29+0.25 1.32+£0.01 13.08+£0.78 13.36+0.25 39.46%1.18
9. “Ellendale” VI 412+031 4046+£494 32.64%£1.76 8.04+£027 140+0.16 1857+0.98 13.86+1.95 62.64+3.55
9. “Ellendale” IX 577+0.11 4046+259 26.08+048 736+0.17 1.00+0.03 13.85+1.42 15.72+0.80 60.25+9.01
9. “Ellendale” X 732+£0.21 4139+295 20.89+0.15 7.69+£0.06 095£0.04 1296+0.83 11.48+1.25 54.13+£1.88
10. “Navelate” \Y 6.04+£0.28 5339+1.65 17.49+0.52 6.15£044 239£0.04 1092+£021 981033 36.52+2.74
10. “Navelate” Vi 6.84+044 5568+0.82 1572+0.86 6.56x0.13 1.89+£0.04 11.18+1.29 10.45+0.60 35.53+1.86
10. “Navelate” VII 7.60+£0.19 5450+044 1397+0.10 7.85+£0.08 1.84+£0.03 19.12+£225 1692+1.27 4480+1.75
10. “Navelate” VI 789+£099 4139+1.54 1441£061 7.66+0.21 1.65+038 21.15+3.42 1496+0.99 58.57+6.73
10. “Navelate” IX 10.39+0.16 48.00+4.13 13.63+0.24 8.14+0.16 1.26+0.01 17.54+0.71 16.45+0.31 43.47+1.86
10. “Navelate” X 10.94+£0.64 3822+136 12.81+0.18 699+0.04 1.06+0.32 14.77+0.29 12.82+0.70 41.18+0.99
10. “Navelate” X1 11.86+0.55 48.03+£529 13.70£0.11 7.42+0.04 1.17+£0.04 18.12+0.60 16.11+0.90 43.22+0.79
11. “ValenciaL.” V 2.99+030 58.10x£2.72 3131+£3.52 6.65+0.35 129+£0.03 10.65+091 1020+0.11 21.97+1.73
11. “ValenciaL.” VI 346+£0.17 63.78+0.44 2986+048 7.58+0.17 1.86x£0.05 11.25+0.60 10.87+0.54 26.22+1.29
11. “ValenciaL.”  VII 3.53+£0.21 5930+2.71 29.20+0.34 7.80+0.07 1.32+0.08 14.75+£0.72 15.18+1.95 34.61 £3.56
11. “ValenciaL.”  VIII  420+£0.07 43.04+1.41 24.81+0.59 7.97+031 1.50+£0.09 20.29+3.66 21.94+4.04 60.27+8.08
11. “ValenciaL.”  IX 574+032  52.11+3.17 2333+044 8.64+026 140%£0.01 1641+0.23 1584+0.55 3536+0.63
11. “ValenciaL.” X 599+0.01 46.66+0.05 21.41+0.53 832+£0.21 1.51+£0.06 13.75+042 12.60+0.61 34.23+1.08
11. “ValenciaL.” Xl 6.38+0.34 51.89+2.19 1933+0.54 7.00£029 1.18£0.02 1433+£045 13.70£0.33 36.63+£0.83
12. “Sanguinelli” VvV 441£039 5722+£1.82 26.78+038 696043 0.74+0.06 1553£1.09 1595+1.01 31.08%£2.26
12. “Sanguinelli” VI 4.61+047 5928+0.77 2479+1.58 738+£0.50 0.87+0.13 16.57+043 1633+£036 30.31+1.00
12. “Sanguinelli”  VII 514+£0.12 5629+045 24.07+039 744+0.18 0.54+0.03 21.70+096 20.78+1.11 39.58+2.51
12. “Sanguinelli” VIl 5.17+0.19 37.41£1.99 20.57+£0.37 6.72+0.03 0.52+0.03 19.13+£1.33 14.18%£1.30 33.81%5.46
12. “Sanguinelli”  1X 722+0.11 46.62+033 20.01+0.17 728+0.13 051+£0.03 19.05+0.58 18.20+0.69 35.82+0.50
12. “Sanguinelli” X 7.64+£036 40.56+1.81 18.04+1.13 6.74£048 045%£0.04 1647+043 1519+0.80 34.79+0.78
12. “Sanguinelli”  XI 844+043 46.54£2.00 1694206 724+1.08 043+£0.19 21.57+226 2021+2.59 35.13+3.68

*Data are expressed as mean (maturity index and vitamin C: n = 6; organic acids and sugars: n = 3) * standard deviation; 'Rootstocks: Troyer for 1,2,4,7,9 -
12; Carrizo for 5, 6, 8; Cleopatra for 3; 2mg vitamin C total/100mL juice.
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Cultivars: mandarins (1-6), hybrids (7-9), sweet oranges (10-12), grapefruits (13,14), pummelos (15,16), citron (17), limes (18,19) and lemon (20)

Figure 1. Vitamin C, citric acid and sucrose contents at commercial harvest time for various citrus fruit cultivars.
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Table 5. Changes in the maturity index, vitamin C, organic acids and sugars for grapefruits and pummelos during matura-
tion (from V to X1)*.

Organic acids (g/L juice)

Sugars (g/L juice)

Cultivar® Date  Mat. Index  Vitamin C?
Citric Malic Succinic Fructose Glucose Sucrose
13. “Marsh” \Y 452+£0.09 4286%2.12 2557+044 7.18+£0.28 0.58+0.07 13.79£0.07 13.83+£0.31 35.17+0.41
13. “Marsh” Vi 443+£047 4442+£3.60 26.05+1.58 838+£0.78 0.87+£020 24.74+£3.56 24.06+t1.32 4298+4.84
13. “Marsh” \1 420+022 4091£1.01 26.87+0.22 11.82+0.11 0.85+£0.04 1552+1.17 1536+0.26 30.26+0.66
13. “Marsh” VIl 453£0.15 3288+£2.05 26.78+223 825+0.09 0.58+0.01 17.15£036 14.59£0.75 31.23+4.82
13. “Marsh” IX 491+4.03 36.77£0.39 30.24+028 11.24+0.03 0.54+0.04 17.49+£048 16.41+0.77 33.48+1.51
13. “Marsh” X 5.01+£0.57 3248+1.51 2646+049 9.68+0.04 0.65+0.01 18.19+£0.58 17.26+0.58 25.58+0.69
13. “Marsh” Xl 5.17+£0.10 2594+1.19 19.21+£0.79 546+£025 0.53+0.01 1859+£1.00 17.54+0.54 30.38%1.36
14. “Star Ruby” \Y% 430+£0.10 53.14£2.02 28.88+1.21 7.59+048 046+0.12 10.71+£049 11.17+£0.52 3647+1.64
14. “Star Ruby” VI 4274021 4584+£236 30.26+0.68 6.64+£0.17 027+£0.07 1595£3.28 16.54+£3.22 34351547
14. “Star Ruby” VII 4431031 42.75+£3.05 27.81+£025 596+033 0.10+£0.07 13.15£0.77 12.92+£0.92 28.68+1.74
14. “Star Ruby” VIII  448+0.37 35.07+2.11 3080+2.16 838+0.15 032+£0.13 18.68+3.49 1593+3.19 38.07+4.13
14. “Star Ruby” IX 491+£0.09 3342+233 2847+0.50 681+£0.15 026+£0.04 14.07£0.79 13.55+£0.35 36.05+0.92
14. “Star Ruby” X 4.60+£0.01 3442%£0.60 27.09+0.08 6.46x£0.05 0.19+£0.03 16.08£0.40 15.75+£0.43 32.47+0.90
14. “Star Ruby” Xl 537+0.08 3693+2.84 2439+0.78 7.37+£027 038+0.02 1577+1.21 1450+0.84 36.41+2.24
15. “Gil” \% 394+0.10 4990+1.85 25.15+098 1026+3.81 0.24+0.18 7.81+0.41 9.97+0.23 3557+0.76
15. “Gil” VI 3.82+036 46.72+2.76 33.12+033 17.05+0.07 040+0.02 9.10+£1.04 9.89+0.60 32.21+4.29
15. “Gil” VII 3.58+0.15 44.14+£0.10 2747+0.16 850+0.04 033+0.03 740£0.05 733+£0.28 32.79+0.85
15. “Gil” VI 3.61+£023 32.16£1.96 34.89+0.73 1041+£0.19 0.12+£0.02 13.00£0.92 11.57+0.75 31.33+3.67
15. “Gil” IX 437+£0.13 3400%£1.47 33.59+£0.56 10.89+0.22 0.24+£0.01 14.09£1.29 1547+£0.94 44331256
15. “Gil” X 426+0.01 43.01+19.41 3298+0.28 12.30+0.15 0.15+£0.01 16.69£0.33 16.77+£0.13 32.35+0.55
15. “Gil” Xl 4.69+0.07 3232£049 28.09+0.19 15.15+0.18 0.11+£0.03 17.67£0.65 18.17+t1.16 30.56+0.88
16. “Deep Red” \Y 7.17+£0.77 5632+3.74 1838+0.75 10.25+0.21 0.63+0.04 1032+0.77 1143+0.69 42.12+3.60
16. “Deep Red” VI 597+086 52.66+6.32 17.71+0.08 9.88+0.08 042+0.05 13.61+1.04 15011055 48.76+6.57
16. “Deep Red”  VII 532+0.74 56.58+13.67 21.11+0.16 9.81+0.08 0.80+0.00 11.55+0.11 11.59+0.16 41.17+0.15
16. “Deep Red” VIII  520+£0.25 3432+1.66 21.72+2.08 835+135 0.65+£0.06 1533+4.09 13.70+3.40 54.74+12.29
16. “Deep Red” IX 538+0.60 35.04+1.50 22.83+092 7.30+£032 0.64+0.03 1280143 12.67+2.77 40.61+0.96
16. “Deep Red” X 5.15+0.01 3541+£0.82 21.06+032 831+£020 0.54+0.04 10.28+0.53 10.13+0.28 36.89+1.08
16. “Deep Red” Xl 6.17+£0.05 41.20+£299 20.14+091 11.37£0.67 0.72+0.05 9.66+0.73 885+0.44 40.37+2.40

*Data are expressed as mean (maturity index and vitamin C: n = 6; organic acids and sugars: n = 3) * standard deviation; 'Rootstocks: Troyer; “mg vitamin C

total/100mL juice.

2009 and March 22, 2010, maintaining or improving
their fruit quality, although not all cultivars can be kept
so long in the tree. Our results indicated differences be-
tween rootstocks, although it will be necessary to carry
out more in-depth analysis to report conclusive values.
Considering the maturity index values for each harvest
time, we found significant differences between cultivars
grafted onto Troyer citrange and Cleopatra mandarin
(Table 2). “Loretina” and “Frost” mandarins, “Fortune”
hybrid, “Navelate” and “Valencia Late” oranges, “Ari-
zona” citron and, “Mejicana” and “Bearss” limes grafted
onto Troyer citrange displayed the highest values of ma-
turity index compared with the corresponding cultivars
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grafted onto Cleopatra mandarin. Also we found signifi-
cant differences between the maturity index of cultivars
of “Fino” lemon grafted both onto C. macrophylla and C.
aurantium. The results are in agreement with those re-
ported in the literature observing the effects of citrus
rootstoks on internal quality and matutity [6,7].

Citrus are well known to be a nutrient source of vita-
min C in dietary intake. Data of total ascorbic acid for
each harvest time are reported in milligrams per 100 mL
of juice. The general trend in all varieties studied was a
decrease in the concentration of vitamin C over time, and
significant differences were observed in all varieties,
being particularly noteworthy in the case of grapefruits
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Table 6. Changes in the maturity index, vitamin C, organic acids and sugars for citron, limes and lemon during maturation

(from V to XI)*.

Organic acids (g/L juice)

Sugars (g/L juice)

Cultivar® Date Mat. Index  Vitamin C?
Citric Malic Succinic Fructose Glucose Sucrose
17. “Arizona” \% 1.17£0.03 3894+459 6520+1.63 9.26+0.11 029+0.10 243+£0.23 251+£0.08 2.31+0.20
17. “Arizona” Vi 1.06 £0.00 32.50+5.58 67.89+1.15 858+0.11 047+0.04 202£0.16 2.05+0.32 1.41+0.32
17. “Arizona” Vil 1.10£0.03 2998+526 6651+£0.73 730+0.10 0.51+£0.06 2.87+0.31 2.60+022 290+0.29
17. “Arizona” Vi 1.12+£0.05 20.80+£0.70 62.47+0.67 8.76+035 0.54%0.01 2.89+0.21 233+0.22 3.53£0.38
17. “Arizona” IX 1.50+0.02 20.61+149 4725+130 6.94+0.13 0.50+£0.03 5.19£0.31 3.79+£0.19 520£0.34
18. “Mejicana” \Y 1.10£0.03 28.19+£221 66.52+2.26 10.86+0.09 0.95+0.11 1.11 £0.06 1.32+0.24 1.17£0.05
18. “Mejicana” VI 1.08 £0.02 2832+093 69.63+1.78 11.64£0.04 1.22+0.03 1.36 £0.09 1.51£0.20 1.40+0.28
19. “Bears” \% 1.53+£0.05 29.39+2.56 56.38+0.18 12.36+0.25 0.23+0.02 8.32+0.15 9.12+£0.29 4.01£0.14
19. “Bears” Vi 1.41£0.08 2853+285 60.63+£2.11 13.10£0.19 0.38+0.03 4.64+0.75 580+£120 331%+0.36
19. “Bears” Vil 1.38+0.03 23.06+£2.85 57.51+082 13.55+0.22 0.21%£0.02 9.74+£1.23 1037094 5.05+0.76
19. “Bears” Vi 126 £0.01 20.83+£2.09 60.04+1.66 13.57+0.63 0.20£0.04 780x1.74 9.29+0.63 541+0.69
19. “Bears” IX 140+0.03 1832+1.11 55.14+0.19 11.10£0.07 0.20£0.01 631+0.74 513£0.59 3.35+£0.09
20. “Fino” \% 1.27+0.06 65.18+1.56 65.02+2.26 14.65+0.37 0.40%0.01 377032 450+£048 2.56+0.25
20. “Fino” Vi 1.17+£0.08 60.13+£3.03 67.01+3.33 16.68+0.49 0.22+0.01 422+048 4.80%0.55 346+0.31
20. “Fino” Vil 1.18£0.02 56.22+747 6639+£0.36 1550+1.25 0.34+£0.02 3.29+0.11 3.02+0.13 2.84%0.06
20. “Fino” Vi 1.28+£0.03 4491+£191 6790+041 1235+047 0.74£0.04 7.04+£0.14 599+046 9.29+0.77
20. “Fino” IX 143+0.01 47.84+320 65.67+189 17.24+041 032£0.03 453+£029 491+£022 7.40+0.46
20. “Fino” X 1.30+£0.01 40.61+£4.07 63.06+1.52 17.21£0.63 0.51%£0.03 436+£041 433+£0.12 590%0.63

*Data are expressed as mean (maturity index and vitamin C: n = 6; organic acids and sugars: n = 3) # standard deviation; 'Rootstocks: Troyer for 17 - 19,

Macrophylla for 20; mg vitamin C total/100mL juice.

and pummelos. The results are in agreement with those
reported in the literature observing that inmature citrus
fruits contain the highest concentration of vitamin C [9].
Considering the vitamin C values for each harvest time,
we also found significant differences between cultivars
grafted on different rootstocks (Table 2). The general
trend was a higher vitamin C content in all varieties
studied grafted on Troyer citrange. Only “Loretina” man-
darin and “Navelate” orange grafted on Cleopatra manda-
rin showed higher vitamin C content that corresponding
cultivars grafted on Troyer citrange. Also we found sig-
nificant differences between the cultivars of “Fino” lemon
grafted both onto C. macrophylla and C. aurantium (sour
orange). At commercial harvest stage, independently of
rootstocks, “Fino” lemon displayed the highest concen-
tration of vitamin C (60.51 mg/100mL juice) followed by
clementine mandarins (59.30 to 47.26 mg/100mL juice)
and sweet oranges (50.22 to 44.57 mg/100mL juice),
although during the 2009-2010 season also the grape-
fruits and pummelos showed high values (see Figure 1
and Table 3). These results are in agreement with previ-
ously reported citrus study of several mandarin and or-
ange varieties [1,15]. Our results indicated significative
differences between all cultivars studied. Between groups,
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the vitamin C content of clementine mandarin “Arrufat-
ina” differed significantly to “Loretina” and “Fina” cle-
mentines. In the group of oranges found no significant
differences, nor among the grapefruits, and nor among
pummelos.

Three organic acids were separated and identified in
all cultivars: citric, malic and succinic acid. The amounts
of each organic acid found from November 02, 2009 (V)
to March 22, 2010 (X1) are reported in grams per L of
juice, and only grafted on one rootstocks (see Tables
4-6). As indicated by previous researchers, citric acid
was the major organic acid found in all cultivars, while
malic and succinic acids were present in minor quantities
[8]. The general trend in all varieties studied is a decrease
in the concentration of the organic acids over time from
the best period time for harvest, and signicant differences
were observed. At commercial harvest stage during the
2009-2010 season, independently of rootstocks, citron
“Arizona”, limes “Mejicana” and “Bearss”, and lemon
“Fino” were the most acidic fruit reaching maximum
values (68.08 to 58.17 g citric acid/L) compared with the
remaining cultivars studied, and clementine mandarins
displayed the least amounts (6.68 to 9.06 g citric acid/L)
(Figure 1). Our results indicated significative differences
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between all cultivars studied. Between groups, the citric
acid content of the sweet orange “Navelate” differed sig-
nificanthly to “Valencia Late” and “Sanguinelli” oranges.
Among pummelos we also observed significant differ-
ences. In the group of grapefruits found no significant
differences, nor among the clementine mandarins.

The main portions of carbohydrates in citrus fruits are
three simple sugars: fructose, glucose and sucrose, they
represent the largest percentage of total soluble solids of
citrus juice, and the ratios of fructose:glucose:sucrose are
generally about 1:1:2 [8]. Except in citrons, limes and
lemons with the least amount of sugars, this ratio was
similar for the cultivars under study, and sucrose was
present in the largest amounts for all cultivars. The general
trend in all varieties studied is a significant increase in
the concentration of the sugars over time (see Tables
4-6). At commercial harvest stage, independently of root-
stocks, mandarins (except “Comun” mandarin) and hy-
brids groups presented the highest amounts (64.88 to
52.88 g sucrose/L). Our results indicated not significative
differences between similar groups (Figure 1).

As it is shown in Figure 1, a high load of citric acid
appeared in acidic citrus fruits, and a high load of sucrose
and/or total vitamin C appeared in oranges and mandar-
ins. Although our results indicated significative differ-
ences between cultivars studied, it is apparent that cle-
mentine mandarins (cultivars 1-3) formed a single group
and sweet oranges (cultivars 10-12) form a second group.
The following group are formed by grapefruits and pu-
melos (cultivars 13-16) and the last group are formed by
citron and limes (cultivars 17-19). Outside these four
groups appear the remaining cultivars (hybrids, lemon
and other mandarins). For nutritional purpose, would be
advisable a more intensive study on the other antioxidant
compounds in the edible part of Citrus species (major
flavonoids and carotenoids), but data presented in this
paper confirmed the high contents of vitamin C in citrus
varieties cultived under the Mediterranean climate and
provide a qualitative and quantitative survey of the fruit
taste and organoleptic quality. These aspects are necessary
for the consumer that demands the prevention of health
problems through nutrition and certain fruit quality traits
including fruit size, internal quality, good rind colour and
easy peeling.

4. Conclusion

In this study, we have presented the content in total vita-
min C, organic acids and sugars for twenty different cit-
rus cultivars grown in the Mediterranean climate during
2009-2010 season. We have examined the influence of
the variety, rootstocks and different stages of fruit matur-
ity. The fruit quality was affected differently and we
have found clear differences in accordance with the root-

Copyright © 2012 SciRes.

stocks but, the major differences in chemical composi-
tion must be attributed mainly to genetic factors. We
have found clear differences in the content of sugars,
ascorbic and organic acids for the different groups, in
agreement with the Citrus classification with some ex-
ception. Also climatic and cultural factors have affected
to fruit quality, and anticipate or delay the collection ge-
nerally results in a loss of bioactive compounds. On the
other hand, the data presented are an important factor to
chose varieties with a high potential as nutraceutical
source.
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