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Summary

Introduction - The tangor cv. Ortanique presents
positive characteristics for the fresh fruit export mar-
ket, however little is known about this genotype in
Brazil. In this study, we evaluated the ideal harvest
time on two rootstocks, the fruit juice carotenoid con-
tent and possible postharvest storage of ‘Ortanique’
fruit. Materials and methods - The cultivar was grafted
on ‘Swingle’ citrumelo and Poncirus trifoliata and was
evaluated to the following variables: plant height, di-
ameter and canopy volume, fruit physical and chemi-
cal quality [mass, soluble solids (SS), titratable acidity
(TA) and the ratio (SS/TA)], production and produc-
tive efficiency in each graft combination. Carotenoids
content of ‘Ortanique’ fruit juice grafted on ‘Swingle’
was qualified by HPLC. The optimal storage time of
‘Ortanique’ (with or without wax, stored at 10 °C or
at room temperature) were determined for six weeks
storage. Results and discussion - The rootstock ‘Swing-
le’ provided great growth and plant production of ‘Or-
tanique’ plants while Poncirus trifoliata delayed fruit
maturation. The ‘Ortanique’ fruit juice contained
high levels of B-cryptoxanthin and cis-violaxanthin
and the fruit could be stored at 10 °C for six weeks
without losing quality. Conclusion - The ‘Ortanique’
tangor has productive potential for commercial culti-
vation in Brazil, being late-maturing, its fruit high in
carotenoid content and possibly well adapted to long
storage for export.
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Résumé

‘Ortanique’: une tangor a maturation tardive
(Citrus sinensis x C. reticulata) a forte teneur
en caroténoides.

Introduction - Le tangor ‘Ortanique’ présente des
caractéristiques positives pour le marché d’exporta-
tion de fruits frais, mais peu de choses sont connues
au sujet de ce génotype au Brésil. Dans cette étude,
nous avons évalué le temps de récolte idéal sur deux
porte-greffes, la teneur en caroténoide des jus de
fruits et le stockage éventuel de fruits ‘Ortanique’
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K Significance of this study

What is already known on this subject?

e The ‘Ortanique’ tangor is produced commercially in
several countries, such as Uruguay, Argentina and
Spain, but little is known about the productive poten-
tial of the cultivar in Brazil.

What are the new findings?

» The productive efficiency of ‘Ortanique’ plants grafted
on Poncirus trifoliata is high, when compared to the
grafting on citrumelo rootstock ‘Swingle’. In both cases
‘Ortanique’ is late-maturing in Brazilian conditions
and its fruit juice has a high content of carotenoids.

What is the expected impact on horticulture?
» This cultivar presents a new option to extend the har-

centrated in the middle of the year.

vest period of tangerines in Brazil that is much con-

apres la récolte. Matériel et méthodes - Le cultivar
a été greffé sur le citrumelo ‘Swingle’ et Poncirus tri-
foliata et a été évalué selon les variables suivantes:
hauteur de la plante, diamétre et volume de la cano-
pée, qualité physique et chimique des fruits [masse,
matiéres solubles (SS), acidité titrable (TA) et le rap-
port (SS/TA)], la production et I'efficacité productive
dans chaque combinaison de greffage. La teneur en
caroténoides du jus de fruit d“Ortanique’ greffé sur
‘Swingle’ a été analysée par HPLC. Loptimum de stoc-
kage de I"Ortanique’ (avec ou sans cire, stocké a 10 °C
ou a température ambiante) a été déterminé sur six
semaines de conservation. Résultats et discussion - Le
porte-greffe ‘Swingle’ a permis une croissance accrue
et une production végétative des ‘Ortanique’ tandis
que Poncirus trifoliata a retardé la maturation des
fruits. Le jus des fruits d’‘Ortanique’ contenait des ni-
veaux élevés de B-cryptoxanthine et de cis-violaxan-
thine, et le fruit a pu étre conservé a 10 °C pendant
six semaines sans perte de qualité. Conclusion - Le
tangor ‘Ortanique’ a un fort potentiel productif en
culture commerciale au Brésil, avec une maturation
tardive, un contenu élevé des fruits en caroténoides et
sans doute bien adapté a un long stockage pour I'ex-
portation.
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Introduction

In Brazil, citrus production essentially includes sweet
orange [Citrus sinensis (L.) Osbeck], where mandarin rep-
resents only 6% of the total production. Among the cultivars
of tangerine, the most cultivated are: ‘Ponkan’ mandarin (C.
reticulata Blanco) and ‘Murcott’ tangor [C. sinensis (L.) Os-
beck x C. reticulata Blanco]. There are few plantations of wil-
low leaf mandarin (C. delicious Tenore) and ‘Cravo’ mandarin
(C. reticulata Blanco) (IBGE, 2012). None of these cultivars
meet the internationally accepted standard of fruit seedless.
The citrus consumers seek fruits with different flavors, size
and colors, attractive shapes, ease of peeling, long shelf life
and no chemical residues (Pio, 2003).

Therefore, the Centro APTA Citros Sylvio Moreira of In-
stituto Agronomico, from Brazil, selected cultivars seedless
with export potential, such as the ‘Nules’ clementine (C. clem-
entine), the ‘Nova’ tangelo [C. clementine x (C. paradise x
C. tangerine)] and the ‘Ortanique’ tangor [C. reticulata Blan-
co x C. sinensis (L.) Osbeck].

The ‘Ortanique’ tangor is a natural hybrid of the tanger-
ine with orange, produces fruit late-maturing and seedless.
It is grown in many regions of the world, such as Honduras,
Australia, Cyprus and South Africa (Saunt, 1990). Selecting
cultivars that have late maturing is one of the major objec-
tives of the breeding program, because a reduction in the tan-
gerine supply has occurred in Brazil (Bastianel et al., 2014).

In Brazil, due to botanical and historical reasons, a small
number of rootstocks are used in citrus commercial planta-
tions (Mourao-Filho et al, 2008). In addition, the use of the
same rootstock to different canopy cultivars, probably does
not meet the specific characteristics of each cultivar, prevent-
ing the plant to show its full productive potential (Pompeu
Janior et al., 2002).

Citrus consumption has been associated with lower risks
of certain cancers and cardiovascular disease (Aviram et
al., 2008). Although the antioxidant capacity of citrus juice
is mainly associated with the soluble fraction containing
polyphenols and vitamin C, a greater polar fraction includ-
ing carotenoids can also contribute to the juice antioxidant
capacity, which leads to protective effects against degenera-
tive diseases. Certain carotenoids present in citrus have been
detected in human plasma: 8- and a-carotenes, lycopene,
B-cryptoxanthin, lutein and zeaxanthin. The last two, lutein
and zeaxanthin, are present in higher levels in oranges; tan-
gerines stand out by having high levels of -cryptoxanthin
and [-carotene. B-cryptoxanthin, present in high concentra-
tions in tangerine juice, largely contributes to bright orange
juice and is the main precursor of pro-vitamin A.

For export, an important consideration is the quality
post-harvest, mainly storage (cold). Refrigerated storage is
considered the most effective method for preserving fruit
quality, as it slows aging and decreases respiration, matu-
ration, decay incidence and undesirable metabolic changes
(Cuquerella and Navarro, 1989).

Thus, the aim of this study was to evaluate the production
and physicochemical qualities of the ‘Ortanique’ fruit cultivar
grafted on two rootstocks, quantify the carotenoids present
in the juice, and observe possible changes in the physico-
chemical characteristics under different storage conditions
(temperatures).

Materials and methods

Tests were developed to cultivate ‘Ortanique’ tangor [Cit-
rus reticulata Blanco x C. sinensis (L.) Osbeck] due to the late
ripening of its fruits and its seedlessness. The orchard was
planted in 2000 in the city of Cordeir6polis, SP, with plants
grafted on ‘Swingle’ citrumelo (C. paradisi Macfad x Poncirus
trifoliata L. Raf.) and P, trifoliata at a spacing of 7 x 4 m, with
ten repetitions of each combination in a randomized block
design.

Vegetative growth and productivity

The height and the diameter of the ‘Ortanique’ tangor
were monitored for two years (2009 and 2010). The mea-
surements were made with a graduated wooden ruler, mea-
suring parallel with the growth axis (height) and parallel to
the ground at a height of 1.5 m (diameter) for ten plants per
combination. The canopy volume (V) was determined based
on the following equation: V=2/3 7 R? H, where R is the
mean radius of the canopy and H is the height of the plant.

To evaluate the production, the fruits were harvested
in October of each year, where all the fruits were collected
from 10 plants per combination. The production was mea-
sured by directly weighing the fruit on a scale with a capac-
ity of 100 kg. From this quantity, the production efficiency
(kg fruit m-3) was calculated by the plant production (kg) per
canopy volume (m-3) ratio. These assessments were conduct-
ed in 2009 and 2010, when the trees were adult with 9 and
10 years old, respectively.

Physicochemical properties of the fruit
The physical and chemical analyses of the fruit were
conducted monthly from June to November in 2010, corre-
sponding to 9 to 14 months after anthesis, and the matura-
tion curve was determined from the results. Fruits were col-
lected for analysis in the outer portion of the trees between
1.0 and 2.0 m above ground level and throughout the perim-
eter of the plant; resulting in a total of 5 samples containing
10 fruits each. The fruits were sent to the Laboratory Quality
and Post-Harvest Centro APTA Citros Sylvio Moreira/IAC,
Brazil. The following determinations were measured:
¢ Soluble solids (SS) were determined by a direct reading on
a B & S refractometer, RFM model 330. The data were cor-
rected by temperature and acidity of the juice.
¢ Titratable acidity (TA) was obtained by titrating 25 mL
juice with a 0.3125 normal sodium hydroxide solution;
phenolphthalein was used as an indicator.
¢ The Soluble solids/Acidity ratio (SS/TA) was calculated in
order to indicate the maturity stage of citrus.

Juice carotenoid content

A fine biochemical analysis was performed to quanti-
fy the carotenoid in the fruit juice of ‘Ortanique’ ‘Murcott’
grafted onto ‘Swingle’ citrumelo. These fruits were collected
during the 2013-14 cropping season (in October 2014), and
the experiment was conducted in the municipality of Cord-
eirépolis/SP, Brazil. The quantification of carotenoids was
performed using HPLC according to Dhuique-Mayer et al.
(2005) at the Laboratory of Carotenoids and HPLC/MS, UMR
Qualisud, Dept. Persyst at CIRAD, France.

Ten mL of ‘Ortanique’ tangor juice were extracted, and
35 mL solvent (4/3 [v/v] ethanol/hexane) 0.1% BHT, 100 mg
MgCO, and 500 pL standard lycopene internal (uncontrolled
[c]) were added. This mixture was stirred for 5 min after a fil-
tration using a number-2 synthetic filter. Ethanol and hexane
were successively used to wash the residue, i.e., 30 mL of eth-
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anol was used, followed by 30 mL hexane and another 30 mL
hexane. After these three successive extractions, the extract
was placed in a separatory funnel, and 50 mL of 10% NaCl
was added. The aqueous phase was removed, whereas the
organic phase was washed three times with distilled water
and then dried with anhydrous sodium sulfate. The resulting
extract was then filtered through a number-2 synthetic filter
and subjected, in sequence, to a Rotavapor (37 °C, 100 mbar)
until complete dryness. The residue was dissolved in 0.5 mL
dichloromethane and 1 mL of a MTBE/MeOH (80:20) mix-
ture and then analyzed using HPLC.

The lycopene area (mAU * s) extracted from the sam-
ple and standard lycopene area provided by a sample of the
same amount (500 uL) were compared, dried under nitrogen
flow and dissolved in 0.5 mL dichloromethane and 1 mL of
the MTBE/MeOH (80:20) mixture. The dilution was made to
the track/scale of analysis.

Postharvest

For the postharvest test, a collection of fruits of the ‘Mur-
cott’ ‘Ortanique’ grafted on ‘Swingle’ citrumelo were studied
with regard to the maturation period (October 2010). Then,
the fruits were subjected to surface cleaning, subsequently
dried and subjected to storage. The fruits were initially divid-
ed into two samples, one of which was subjected to the ap-
plication of wax, which is commercially used and contains a
fungicide (UE wax Citrosol 16% + 4 mL Imazalil) to avoid the
typical development of postharvest pathogens. The applica-
tion consisted of immersing each fruit in the wax solution
with water, reproducing what is done in packing houses. The
fruits were then dried and stored. The following two sam-
ples were subdivided and stored at different temperatures:
a) a cold chamber at 10 °C and 90% relative humidity (RH)
and, b) at room temperature (19.7-21.5 °C and 68.8-71.4
RH).

The physical and chemical analyses were performed
weekly for 42 days (six weeks) to monitor the internal and
external changes of the fruit according to the method de-
scribed above. The experiment was completely randomized
in a factorial scheme (6 x 2 x 2): six weeks, two types of stor-
age, and fruits with and without wax, with four replications
composed of five fruits each.

Statistical analysis
The plant height, diameter, volume and production and
productive efficiency data were subjected to analysis of vari-

ance and then compared (Duncan test, P>5%). A regression
analysis was performed for the physical and chemical quality
values, and the model selected for each variable was based
on the significance of the parameters and R2 values.

Results and discussion

Vegetative growth and productivity

The average plant height ranged from 2.0 to 3.1 m, and
the canopy volume ranged from 6.1 to 13.3 m3; the ‘Swingle’
citrumelo rootstock provided greater vegetative growth than
the Poncirus trifoliata (Table 1). Other studies comparing
these rootstocks in citrus cultivars, such as ‘Montenegrina’
tangerine (Toniolli et al, 1993), have also found ‘Swingle’
citrumelo to have the most developed plants. Brugnara et al.
(2009) also reported that the trifoliate provides less volume
in the canopy ‘Michal’ tangerine in Rio Grande do Sul than
more vigorous rootstocks such as ‘Rangpur’ lime or ‘Swingle’
citrumelo.

In the two years of evaluation, the ‘Swingle’ citrumelo
provided a greater production of ‘Ortanique’ fruit per tree
(kg plant1); however, the high productive efficiency in 2009
of plants grafted onto Poncirus trifoliata (Table 1) is notable.
This characteristic of trifoliate orange of producing higher
yield was also reported by Stuchi et al. (2003) evaluating acid
lime cv. Tahiti. Schéfer et al. (2001) also reported the direct
influence of rootstock vigor on the scion and, consequently, in
production. According to the authors, the Poncirus trifoliata
carries in general less force on the canopy compared with,
for example, the Rangpur lime.

A major advantage of P trifoliata was its dwarfing
characteristic because rootstocks in the modern citrus
industry with this characteristic have a tendency for high
density plantations in citrus groves (Stuchi et al, 2003;
Schinor et al, 2013); a potential example is the Flying
Dragon trifoliate. According to the classification of Bitters
et al. (1979), cultivation of ‘Ortanique’ should be considered
semi-dwarfplants in relation to established standards (sweet
orange, ‘Rangpur’ lime and ‘Troyer’ citrange) especially when
grafted onto P, trifoliata, for which a reduction of up to 50%
of the canopy is observed relative to these standards. In this
study, a reduction of approximately 42% in the size of the
crown was observed compared with the ‘Swingle’ citrumelo.

Less vigorous plants, such as ‘Ortanique’ tangor, bring a
number of advantages over vigorous plants because a small
plant is a more efficient production unit: controlling pests

TABLE 1. Height, diameter, volume, production and production efficiency of ‘Ortanique’ tangor plants grafted onto ‘Swingle’

citrumelo or Poncirus trifoliata (Cordeirépolis, Sao Paulo State, Brazil, 2009-2010).

Plant Plant Canopy Fruit Production
Rootstocks height diameter volume production efficiency
(m) (m) (m3) (kg plant-) (kg m?)
2009
‘Swingle’ citrumelo 249 a* 311a 12.60 a 78.55a 6.23b
Poncirus trifoliata 2.02b 241b 6.13b 59.39 b 9.70a
CV (%) 6.83 9.48 16.75 13.39 39.68
2010
‘Swingle’ citrumelo 2.56 a 3.12a 13.21a 69.67 a 5.34b
Poncirus ftrifoliata 2.08 b 2.53b 6.97b 43.33b 6.22 a
CV (%) 7.79 4.38 224 23.25 28.49

* Means followed by the same letter in the column for each year, not significantly different (Duncan’s test, P<0.05).

CV: coefficient of variation.
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and diseases is more effective and economical, harvesting
is more readily facilitated and consequently cheaper
(Duncan et al.,, 1979), and the grower can densify planting,
considerably increasing the number of plants per hectare.
This densification is desirable and necessary to increase the
production per unit area available and, consequently, the
profitability (Stuchi et al, 2003). Some problems associated
with a high density of plants per area are high initial costs to
purchase seedlings and the need for annual pruning, as well
as establishment of the orchard.

Physical-chemical quality of the fruits
Regarding fruit ripening of the ‘Ortanique’ cultivar, the
soluble solids, acidity and Ratio of juice data, was considered.
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FIGURE 1. Titratable acidity - TA (A) soluble solid content -
SS (B) and SS/TA ratio (C) of the juice of ‘Ortanique’ tangor
fruit grafted onto ‘Swingle’ citrumelo and Poncirus trifoliata
for six months (Cordeirépolis, Sao Paulo State, Brazil, from
June to November, 2010).

The two combinations proved to be late mature and can be
harvested from mid-October to November. Fruits harvested
on the trees grafted on ‘Swingle’ citrumelo, ripen up earlier,
reaching soluble solids and Ratio values greater than the tri-
foliate on a few dates (June and September), with an earlier
initial point of harvest in mid-September (Figure 1C). Borges
and Pio (2003) observed that when this cultivar was planted
under the conditions found in Capdo Bonito, in the southwest
region of Sdo Paulo, Brazil, the maturation period was August
and September.

As for the content of soluble solids (SS) (Figure 1A), there
is an inversion in the juice ratio, where the combination in
the trifoliata fruit is higher than in the ‘Swingle’ rootstock on
three dates (during July to September). This reversal can be
explained by a lower percentage of acidity observed in the
combination in citrumelo (Figure 1B). Similar results were
observed by Stenzel et al. (2003), who reported higher SS
concentrations in ‘Ponkan’ grafted onto P. trifoliata as well
as Gonzatto et al. (2011), who showed higher levels of SS and
TA in fruits from Oneco tangerine (species) grafted onto tri-
foliate Flying Dragon. Cantuarias-Avilés et al. (2010) argue
that the highest quality fruit is directly related to a high SS
content, leading to a high Ratio.

The differences identified above in the SS and TA values
of the combinations studied resulted in higher Ratio values
for the fruit juice from grafted ‘Swingle’ citrumelo. The SS/
TA indicates the maturation and harvest, an important fea-
ture in citrus cultivars. On the Brazilian fresh fruit market,
according to the CEAGESP Table citrus classification (2011),
the minimum ratio value for commercializing ‘Murcott’ tan-
gor is 10. Adopting this value for ‘Ortanique’, which is also
a ‘Murcott), the fruit could be harvested in September when
grafted onto ‘Swingle’ and subjected to the conditions of Cor-
deirdpolis, Sao Paulo State, Brazil.

While considering the ratio SS/TA = 10 to start harvest-
ing the Murcott group fruit, it is notable that values of =12
are highly preferred by Brazilian consumers. Therefore, this
value could increase the ‘Ortanique’ cultivar’s quality and
acceptance by the market until the month of October and ex-
tending through November for those coming from the plants
grafted onto Poncirus trifolita, which proved to be a later
combination. Entering the market outside the traditional
time for mandarins grown in the state of Sdo Paulo creates a
commercial advantage.

Juice carotenoid content

The major dietary carotenoids characterized by saponified
extracts in ‘Ortanique’ tangor were -cryptoxanthin and cis-vio-
laxanthin, a yellow xanthophyll (Figure 2), with 3-cryptoxanthin
the most abundant nutritional carotenoid (7.68 mg L-1). These
results are in agreement with Dhuique-Mayer et al. (2005) and
other authors from Asian countries (Lin et al, 1995; Sumida et
al,, 1999; Ko et al., 2000), who reported the presence of dietary
carotenoids in mandarins, especially 3-cryptoxanthin, provita-
min A, considered as the main carotenoid.

Dhuique-Mayer et al. (2005) analyzed the main compo-
nents of oranges, clementines and mandarins and managed
to classify these fruit based on their nutritional criteria (ca-
rotenoids content), into three different categories: Category
1 included clementines and tangerines and were clearly dis-
tinguished from the categories of sweet orange (categories 2
and 3) to be highly correlated with the contents of 3-cryptox-
anthin (8.63-10.70 mg L-1) and (3-carotene (1.45-1.60 mg L-1).
Category 2 included ‘Salustiana’ oranges, ‘Hamlin’, ‘Maltaise’
and ‘Shamouti’ and contained the lowest levels of 3-cryptox-
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FIGURE 2. Carotenoid content (mg L-1) in juice extracted from ‘Ortanique’ tangor fruit grafted onto ‘Swingle’ citrumelo, from
the experiment installed in Cordeirépolis, Sao Paulo State, Brazil (CIRAD/Qualisud, Montpellier, France, May 2014). 3 crypto:
B-cryptoxanthin; cis violate: cis violaxanthin; cis anthe: cis antheroxantin; neo: neoxanthin; zeino: zeinoxantin.

anthin (1.35-2.76 mg L-1) and (-carotene (0.10-0.25 mg L-1)
while being more correlated with lutein content (0.50-0.72
mg L-1). Category 3 contained ‘Sanguinelli’ oranges, ‘Valencia’
and ‘Pera’, because of their similar levels of 3-cryptoxanthin
(1.65-3.88 mg L1) and B-carotene (0.30-0.45 mg L-1), which
were higher than those of the oranges in category 2.
However, in this work and other work mentioned above,
-cryptoxanthin mainly in the form of retinyl ester (Brody,
1994) proved to be the main pro-vitamin A. Thus, this study
agrees with Gancel et al. (2003), who observed a strong
correlation between -cryptoxanthin and hesperidin in the

tangerine group, in their study, encompassing clementines,
showing that the clementine, a Mediterranean mandarin hy-
brid (Citrus deliciosa Tenore) with sweet orange [Citrus sin-
ensis (L.) Osbeck], are more influenced by the secondary me-
tabolites from their parental tangerine than their parental
orange. This reveals tangerines as an interesting parent for
the breeding of citrus with respect to a high nutritional val-
ue and genetic dominance. Similarly, the ‘Ortanique’ tangor
also showed a high B-carotene content (0.50 mg L-1) and, in
addition to B-cryptoxanthin, 3-carotene also influences the
delivery of pro-vitamin A in this citrus cultivar.
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FIGURE 3. Mass loss of ‘Ortanique’ tangor fruit, stored at room temperature and 10 °C for six weeks (Cordeir6polis, Sao Paulo

State, Brazil, 2010).

Volume 72 | Issue 5 |

v

September/October 2017 ISl

277



de Azevedo et al. | A late-maturing tangor (Citrus sinensis x C. reticulata) with high carotenoid content

- (A)
s ? y =-0,0093x2 + 0,059x + 1,136
A R?=0,2393
L g i
S
> A
£11 1
] | ]
1]
K ]
£ 1 -
Z y =-0,0095x2 + 0,0411x + 1,153
=] 2=0,3387
|_
09 -
018 L L 1 L 1 J
14,0 - (B)
B\ -.0,0434x2 +0,386x + 12,597
2=0,3955
= 135 - .
a
b A
i | ]
= 13,0 -
= y =-0,0193x2 + 0,2424x + 12,564
1]
2 A Rz=0,5303
=
A 12,5 -
12’0 1 1 1 1 1 J
14 '
W room 4 10°C y=0,04222 +0,0614x+ 10,797  (C)
R2=0,6274
13
12
o1l
T A
= y = 0,0695x2 - 0,3668x + 11,137
10 R?=0,6809
=
8 1 1 1 1 1 J
1 2 3 4 5 E
Storage (weeks)

FIGURE 4. Titratable acidity - TA (A), soluble solid content - SS (B) and SS/TA ratio (C) of the juice from ‘Ortanique’ tangor,
stored at room temperature and 10 °C for six weeks (Cordeirépolis, Sao Paulo State, Brazil, 2010).
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Postharvest

In the postharvest test, waxing did not influence the
physical and chemical characteristics of the ‘Ortanique’ tan-
gor fruit. There was major mass loss, as was expected, for
the fruits stored at room temperature, resulting in 44.9% by
42 days (6t week). The fruits subjected to cold room stor-
age had a significantly lower percentage mass loss at 28 days
(fourth week) when compared to room temperature storage,
and at 42 days losses of 17.2% (Figure 3). This is due to the
transpiration of water eliminated due to the vapor pressure
difference between the fruit and the air in the environment,
as in a refrigerated environment. The lower temperature re-
duces the metabolism and, consequently, the fruit loses less
mass (Jeronimo and Kanesiro, 2000).

There was a reduction in TA levels during the storage,
and it was more pronounced when the fruits were stored at
room temperature. The opposite occurred with the SS con-
tent. The fruits stored in a cold room (10 °C) showed no sig-
nificant changes in the SS/TA values, while storage at room
temperature showed significant increases over time, in the
ratio related to fruit juice characteristics (Figure 4 A-C).

One explanation for the small variations in the SS is that
weight loss during storage contributes to the concentration
of sugars. Citrus fruits are non-climacteric fruit, so harvest-
ing them with the correct maturity is essential to obtain-
ing quality fruit (Pereira et al, 2006). A decrease in TA was
also reported by Malgarim et al. (2008), who studied the
post-harvest quality of ‘Nova’ tangelo (C. reticulata Blanco x
C. paradisi Macfad) during different periods of storage. Af-
ter harvest and during storage, the concentration of organ-
ic acids tended to decline in most of the fruit, due to these
compounds as respiratory substrates and carbon skeletons
to synthesize new compounds.

Increases in the ratio values were observed during stor-
age (Figure 4) and were also reported by Lima et al. (1999),
who studied the fruit quality of ‘Ponkan’ tangerines stored at
room temperature. The SS/TA ratio is an important parame-
ter in evaluating the quality of fruit during ripening, and this
ratio tends to increase due to decreased acids and increased
sugars (Chitarra and Chitarra, 1990). According to Baldwin
(1993), a ratio SS/TA = 8-10 is accepted as a minimum ma-
turity index for citrus, and in the ‘Ortanique’ tangor fruit, this
ratio fluctuated between 10.58 and 12.88 during the days of
storage.

Conclusion

The ‘Swingle’ citrumelo rootstock provides increased
vegetative growth to the ‘Ortanique’ tangor, while the trifo-
liate induces later maturation. The juice of the ‘Ortanique’
‘Murcott’ fruit has high -cryptoxanthin and 3-carotene con-
tent, and storage at 10 °C maintains the fruit quality for at
least six weeks after harvest, enabling the export of this va-

riety.
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