Assessment of Twenty Two Citrus Cultivars (Oranges, I\/Iandaﬁng
and Lemons) for Quality Characteristics and Phytochemical’s
Concentration.

Abstract
Twenty two citrus cultivars belonging to three citrus species, namely, orange (Citrus sinensis (l.) Osbeck)(eleven cultivars), mandarin (Citrus reticulata L)(four cultivars) and
lemon (Citrus limon L)(seven cultivars) were assessed for fruit quality characteristics and juice phytochemicals at maturation. Titratable acidity, pH, total soluble solids, -
carotene, total phenolic compounds, total o-diphenols, total flavonoids, and antioxidant capacity based on DPPH and FRAP assays were assayed. Lemon varieties were | J
characterized by the lowest juice pH and by high titratable acidity. Total soluble solids were high in mandarins, followed by oranges and lastly by lemons. Carotenoids were
determined In highest concentration in mandarin varieties while the lowest concentration was found in lemons. Oranges were characterized by high concentration of tota
phenols, with Salustiana exhibiting the highest value. Valencia clones exhibited the highest concentrations of both o-diphenols and flavonoids. On the other hanc
Clementine mandarins and lemons were characterized by high antioxidant capacity, higher than that observed in most of the orange varieties assayed and of Encore and
Kara mandarins. The principal component analysis (PCA) revealed an interesting classification of the varieties assayed. Lemon varieties were grouped together; Kara anc
Encore mandarins belonged to the same group while Clementine mandarins were grouped with orange varieties.

INTRODUCTION

Among fruits, Citrus is the most widely produced fruit, as a group of several species, and it is grown in more than 80 countries (Ladaniya, 2008). Citrus products must be
highlighted, as they are a major source of antioxidant compounds intake in the diet of developed countries (Ramful et al., 2011). The study of the polypheneolic and
carotenoid composition of fruits is of great interest owing to the qualitative and quantitative differences appearing as a function of the species, cultivar, degree of ripening,
and environmental conditions of growing, ripening, and storage (Obenland et al., 2011). It is therefore of major importance to be able to assess differences between
species and cultivars in terms of fruit/juice quality characteristics and concentration of antioxidant compounds.

The aim of the present trial was to assess a number of citrus cultivars belonging to three different citrus species (hamely orange, mandarin and lemon) in terms of juice

guality characteristics and try to assemble a pattern describing species and cultivars in a simple way.
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MATERIALS AND METHODS

The experiment was conducted at the orchard of Agricultural University of Athens (Latitude 37° 58’ N, Longitude 23° 32" E, elevation 30m) during the growing season of
2009-2010. Eleven orange cultivars, four mandarin and seven lemon ones were sampled In the present experiment. The orange cultivars were Shamouti, Salustiana,
Washington Navel, Navellina, Navelate, New Hall, Moro, Valencia Gambel, Valencia Olinda, Valencia Cutter and Valencia Frost. Mandarin cultivars used were Kara,
Encore, Clementine SRA 63 and the Greek one Clementine Porou, while lemon cultivars used were Interdonato, Villa Franca, Santa Teresa, Lisbon and the Greek ones
Adamopoulou, Karesteno and Magleno. Fruits were harvested at full maturity stage and a portion of the hand squizzed juice was immediately put into freezer (for analysis
of titratable acidity (TA), total soluble solids (TSS) and pH values) while another part was diluted 1:1 with methanol and then put into freezer till analyses of total phenols,
total o-diphenols, total flavonoids (according to Roussos, 2011) and antioxidant capacity, based on DPPH and FRAP assays (Klimczak et al., 2007). For the determination
of B-carotene 5 mL of fruit juice solution were extracted with 20 mL of acetone:hexane solution (4:6) and S-carotene concentration was determined spectrophotometrically
according to Navarro et al. (2010).
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RESULTS AND DISCUSSION
All lemon cultivars assayed in this trial exhibited the lowest juice pH values followed with significant differences by those of mandarin and oranges (Table 1). The TSS
values were high in mandarins followed by those Iin oranges. Lemons exhibited very low values of TSS with significant differences from both mandarins and oranges.
Similar results have been reported also by Ramful et al. (2011).
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Table 1. Juice quality characteristics (pH, total soluble solids (TSS, “Brix), titratable lLemon cultivars presented the lowest TSS. similar to those

acidity (TA, % citric acid) and p-carotene (mg L™).
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Table 2. Juice total phenols (mg equivalent tannic acid), total o-diphenols (mg

equivalent caffeic acid) and total flavonoids (mg equivalent caffeic acid)

Species Varieties pH TSS TA TSSITA B- reported by Georgiou (2009) Valencia clones presented hlgh concentration and antioxidant activity based on DPPH and FRAP assays.
carotene I : J Species Varieties Total Total o- Total FRAP DPPH
NewHall  383ab  114bcd  083d  138b  012c¢ TSS values compared to other orange cultivars, without though phenols  diphenols _flavonoids

austiana - 9008y BIPEE T o ooe significant differences. Titratable acidity values were low in I o e B

ashington 3, - - . . . . S . \ _ - - - -

Navel oranges and mandarins, without significant differences, while Walilhmglton 33.75bc  343f  123e  487ef  735¢
- . : . ave

Navelate —3.foabc 05 cc— 107cd 8906 007C lemons exhibited the highest values, in accordance with the Navelate ~ 328bc  3.14f  122¢  465¢f  788hc

Shamouti 3.67 abc 10.3 cd 1.23 cd 8.3 bc 0.08 c

Navellina ~ 3.7abc  105cd 117cd 91bc  0.08c ' literature (Georgiou, 2009; Uzun et al., 2009). The TSS/TA ratio Shamouti ~ 33.6bc  4.27def  1.37e  365ef  73.7cC

d _ _ | | o Navellina ~ 30.9bc 533def 168de  530ef  936a
5 I R O | was highest in Clementine Porou mandarin followed by New s Moro  284bc  756bc  266cd  566ef 8L abe
2 Cutter _Hall and the other mandarin and orange cultivars. The highest § 5 velelola | SSBE (99BE - S8aC STEl TSRO
VAR SSRE LAREE ReSel S Ed O B-carotene concentration was determined in Valencia clones Valencia  334bc  8s8b  53lb  37ef  G32a
. : : < . oS
Valenda - S48¢ 115bcd 185bcd  63cd  028ab ,and In Kara and Encore mandarins, while all other cultivars Valencia ~ 330bc  1lla  637b  658def  90.0ab
Inda T : Olind
Valencia  357bc  109bcd  155cd  7icd  027b exhlblte_d 377 fold lower ﬁ-caroten_e concentration than that T S ceup as0er 8604
S y determined in the pre-mentioned cultivars. Gampbell
” Clementine ~ 3.85ab  126abc  072d  193a  0.06¢ : e - Clementine  29.9bc  3.24f 1.08e  1230bcd  95.8a
& Porou Salustiana orange exhibited the highest total phenolj§ ¢ Porou
ks SIemenings) o aRe Lo LUNRGEAE concentration, while Valencia Olinda the highest total o-diphenol ® & IR —— - LR
c - . g
B Encore  3.75abc  144a  113cd 128bc 0.43a concentration (Table 2). The highest flavonoid content was & Encore ~ 27.6bc  6.38cd  7.86a  264f 4564
Ferdonaio 3054 301 1avhed — 17¢ oo | determined in the juice of Encore mandarin, while FRAP was ierdonato 252 40l 31lc  T2l0bcd 850
Santa Teressa 3.01d  4.67ef 29abc 16d  0.002c h|ghest IN Clementine SRA 63. H|gher total phenol and Santa Teressa 32.4bc  5.84 cde 3.84C 1510ab  91.7ab
2 - N— : . : c VillaF 28.3bc  4.68 def 3.39¢ 1410abc  92.2 ab
5 aamoli T LR R flavoinoid concentration in orange and mandarins compared tOfll §  Adamopoulou  298bc  43defe  381c  757cdef  80.1ab
= Karest 2.99d 5.4 of 4.24 3 13d  0.007c ' e Karesteno 27.4 e 4.0 ef 3.60c  982bcdef  94.1a
- I\j;;sleenr;o e Yy lemons has been also repor_ted by Ramful et gl. (201_1).. It IS e R oo oo
L i Bodl M 255 104 00048 noteworthy that lemon -cutlivars presented high antioxidant Lisbon 259bc  3.98ef  353c  1370abc  90.9ab

Means within the same column, followed by the same leter do not differ significantly

Means within the same column, followed by the same leter do not differ significantly Capacity by both assays. s e
according to 1uKey S €St at a=VU.U9o.

according to Tukey’s HSD test at a=0.05.
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The scatter plot of the PCA revealed interesting relationships (Fig. 1), since lemons were grouped together at the far
negative side of component 1 (showing low pH, TSS, and TSS/TA values and high FRAP values). Valencia clones
were grouped together at the positive sides of both components (exhibiting high pH, TSS, TSS/TA, total flavonoids, -
carotene values and low TA and FRAP values), the other orange varieties and clementines were mainly grouped at
the negative side of component 2 and positive of component 1 (showing high pH, TSS, TSS/TA values and low TA,
FRAP, (B-carotene and total flavonoid values). The rest of mandarin cultivars were at the positive sides of both §
components (exhibiting high pH, TSS, TSS/TA, total flavonoids, [-carotene values and low TA, FRAP values),
diametrically opposite to that of clementines, which resembled more to orange varieties assayed In this trial.
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