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Physicochemical quality of early-maturing ‘Navel’ sweet oranges

Qualidade físico-química de laranjas ‘Bahia’ de maturação precoce
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Abstract

The cultivation of new types of oranges can be a good alternative for citrus growers because there 
is a growing domestic market and good export prospects. Due to these expectations, it is essential 
to search for new cultivars for use in the fresh fruit industry. Therefore, the aim of this work was 
to physicochemically characterize the fruits of new cultivars of ‘Navel’ oranges, seeking alternatives 
with good characteristics, such as earliness, lack of seeds, good color and organoleptic characteristics 
desired by the consumer market. The fruits of five new cultivars of ‘Navel’ orange were evaluated, 
namely, ‘Bahia Valente’ (CN 28), ‘Golden Nugget Navel’ (CN 41), ‘‘Robertson Navel’’ (CN 39), 
‘Washington Navel’ (CV 27) and ‘Washington Navel I’ (CN 34), during two harvest seasons (2012/2013 
and 2013/2014). The following physicochemical variables were quantified: mass, peel color, juice yield, 
acidity, soluble solids and ratio. The cultivars studied were compared to the commercial cultivar ‘Bahia 
Cabula’ (CV 25). The new cultivars produced fruit with standards that met consumer expectations, 
with fruit mass suitable for sale of the fresh fruit, good yield juice and early maturation (March), which 
enables harvesting ‘Bahia Cabula’ in the off-season period. Thus, it is concluded that there are navel 
orange cultivars with acceptable physicochemical qualities and early maturation. 
Key words: Citrus sinensis. Off-season. Fresh fruit. Orange navel. 

Resumo

O plantio de novos tipos de laranjas pode ser boa alternativa aos citricultores, pois há um mercado 
interno crescente e boas perspectivas de exportação. Em decorrência dessas expectativas torna-se 
primordial buscar novas variedades para o segmento de frutas frescas. Portanto, objetivou-se, com este 
trabalho, caracterizar físico-quimicamente frutos de novas variedades de laranjas tipo ‘Bahia’, buscando 
opções que apresentem boas características, como precocidade de produção, ausência de sementes, boa 
coloração e características organolépticas aceitas pelo mercado. Dessa forma, foram avaliados frutos 
de cinco novas variedades de laranja doce, tipo ‘Bahia’: ‘Bahia Valente’ (CN 28), ’Golden Nugget 
Navel’ (CN 41), ‘Robertson Navel’ (CN 39), ‘Washington Navel’ (CV 27) e ‘Washington Navel I’ 
(CN 34), durante duas safras (2012/2013 e 2013/2014), quantificando-se as seguintes variáveis físico-
químicas: massa, coloração da casca, rendimento de suco, acidez, sólidos solúveis e ratio. As variedades 
em estudo foram comparadas à variedade comercial ‘Bahia Cabula’ (CV 25). As novas variedades 
produziram frutos com padrões requeridos pelo mercado consumidor, com massa do fruto adequada 
para venda in natura, bom rendimento de suco e maturação precoce (março), que proporciona a colheita 
na entressafra da ‘Bahia Cabula’ no mercado. Dessa forma conclui-se que há variedades tipo Bahia, com 
qualidade físico-química aceitável e de ciclo precoce.
Palavras-chave: Citrus sinensis. Entressafra. Fruta de mesa. Laranja de umbigo. 
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Introduction 

Orange trees are one of the most known, 
cultivated and studied fruit trees worldwide. 
They were introduced to Brazil by the Portuguese 
around 1540, probably in the state of Bahia (BA). 
On the outskirts of Salvador, the orange ‘Navel’, 
also called ‘Bahia’, was selected, probably from a 
mutation of the cultivar ‘Seleta’, before the 1800s. 
It then spread everywhere, reaching California in 
the United States, where it was later considered the 
most valuable introduction ever made by the United 
State Department of Agriculture in the way of fruits 
(PASSOS, 1998). 

The diversified cultivation of ‘Bahia’ orange 
cultivars is a good option for citrus growers when 
produced using a technology-based system and, 
especially, outside the harvest peak (May/July), i.e., 
in the off-season period. This is due to the growing 
and highly valued domestic market in addition to 
good export prospects because it is a seedless fruit 
and widely accepted internationally, where it is 
known as ‘Navel’. 

In Brazil, the main cultivars of the Bahia group 
are the oranges ‘Bahia Cabula’ and ‘Baianinha’, 
which present the following main characteristics: 
large fruit, easy to peel, seedless and good quality 
of fresh fruit due to its good internal and external 
color, in addition to its pleasant flavor. However, 
the cultivars of this group are not used for industrial 
processing because, shortly after being processed, 
the juice develops a bitter taste due to the presence 
of limonin, which is characteristic of this group 
(ISIDORO et al., 2012). Another characteristic of 
navel oranges is that the cells of the pollen grains 
disintegrate, thus precluding their formation, and 
the embryo sac is usually sterile, leading to the 
production of seedless fruits even in the presence of 
other pollinating cultivars (OLIVEIRA et al., 2004). 

There has been decreasing interest in the 
cultivation of cultivars of this type of orange, 
mainly due to the decrease in exports, which was 
quite significant in the past. In addition, prices in 

the domestic market have been lower than expected 
by the producers. In 2003, only 0.28% of seedlings 
in São Paulo nurseries were ‘Bahia Cabula’ oranges 
(PIO et al., 2005). However, it is worth stressing that 
new market niches are emerging in Brazil, creating 
the need to overcome barriers to the competitive 
expansion of Brazilian fruit. This can occur through 
promotion of the consumption of fruit marketed in 
Brazil, emphasizing its nutritional power and human 
health benefits (PEREIRA et. al., 2006); the training 
of small producers by providing information, 
including novel crop management practices and 
technology, always seeking their alliance to ensure 
supply control and in the joint search for solutions 
for the industry (PIMENTEL; PIMENTEL, 2002); 
and the use of resistant cultivars that enable 
economic production without plant health problems 
(PACHECO et al., 2012; BASTIANEL et al., 2014). 

However, to offer good quality fruit to the 
market, special care is needed in the harvest phase. 
The measurement of harvest indices, such as soluble 
solid content, peel color, and titratable acidity, 
among others, will help determine the maturation 
index and, consequently, define the optimal harvest 
time, which is essential to ensure good quality of 
the fruit for marketing and other processes. Thus, 
diversified cultivation of quality oranges produced 
using a technology-based system is a good option for 
citrus growers due to the growing domestic market 
and good export prospects (ROSSI; TORKOMIAN, 
2015). 

This work aimed to characterize the quality of 
the fruits of new cultivars of navel oranges, seeking 
options with good characteristics for the fresh fruit 
sector, such as earliness, lack of seeds, good peel 
color and the organoleptic characteristics desired by 
the consumer market. 

 

Materials and Methods 

Five navel orange cultivars were studied: ‘Bahia 
Valente’ (CN 28), ‘Golden Nugget Navel’ (CN 
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41), ‘Robertson Navel’ (CN 39), ‘Washington 
Navel’ (CV 27) and ‘Washington Navel I’ (CN 
34), grafted in a Rangpur lime tree (Citrus limonia 
Osbeck). All cultivars were introduced in Brazil by 
the Citriculture Center, Agronomic Institute (IAC) 
on May 20, 1941, and originated from the Citrus 
Experimental Station of Riverside, California, 
USA. They were then multiplied and stored in the 
Active Citrus Germplasm Bank of IAC, located 
in Cordeirópolis, state of São Paulo (SP), Brazil 
(Archives of the Citriculture Center). 

The orchard it was planted using spacing 7 
meter inter-rows and 4 meter between plants, in 
the municipality of Holambra, SP, in 1997. The 
experimental area is located in the Mideast region 
of São Paulo state, at latitude 22°37’36’’ south and 
longitude 47°03’36’’ west, with an average altitude 
of 600 m above sea level, an accumulated rainfall of 
1,305 mm of rainwater, and Cwa climate, according 
to the Koppen classification. The experimental design 
was randomized blocks in a factorial arrangement of 
4 (months of evaluation) x 6 (cultivars) x 2 (years), 
with 4 replicates and each plot consisting of 12 
plants distributed in 3 rows. For comparison with the 
cultivars studied, the ‘Bahia Cabula’ (CV 25) cultivar 
was also cultivated; this is one of the navel orange 
cultivars widely used for commercial cultivation. The 
orchard was managed using routine crop management 
practices for navel oranges, with irrigation; proper 
and uniform management of pests, diseases, and 
weeds; and corrections of the soil pH and application 
of mineral fertilizers following the recommendations 
of Bulletin 100 (Boletim 100; IAC). 

In 2013 and 2014, always between the tenth and 
twentieth day of the month, fruits from each cultivar 
were collected for physicochemical quality analysis. 
These samplings were conducted in 4 consecutive 
months: March, April, May and June, which 
comprise the maturation period of the cultivars 
studied, corresponding to 6, 7, 8 and 9 months after 
anthesis. The 4 plots, which were composed of 12 
plants each, were sampled, with ten fruits being 
collected from the 2 central plants, randomly around 
each plant, at 1.5 meters from the canopy. 

The fruit samples were sent to the Laboratory of 
Fruit Quality Analysis of Citriculture Center (IAC). 
The fruit peel color was assessed in a Minolta 
CR 300 colorimeter by measuring the values of L 
(lightness), a (green to red range) and b (blue to 
yellow range). The values L, a and b were then used 
to calculated the color index using the formula CI = 
(1000 x a)/(b x L). This index varies approximately 
between –20 and +20 (Hunter color scale). Values 
between + 7 and –7 correspond to yellow-green 
hues (-7 to 0), pale yellow to orangey-green hues 
(values close to zero) and pale orange to intense 
orange hues (0 to + 7); higher values correspond 
to more intense colors (JIMENEZ-CUESTA et al., 
1983). 

The total mass of the fruits of the sample 
was obtained using a Filizola scale, with one-
gram precision, and the individual fruit mass 
was subsequently calculated. The juice mass was 
obtained after crushing the fruit in an OIC extractor 
(OTTO 1800 model) to obtain the juice yield 
through the juice mass/fruit mass ratio, expressed 
as percentage. 

The soluble solid (SS) content was determined 
by direct reading in a refractometer, and total 
titratable acidity (TA) was obtained by titration of 
25 mL of juice to the point of neutralization with 
sodium hydroxide solution at 0.3125 normality, 
using phenolphthalein as an indicator. The ratio was 
obtained by the direct relationship SS/TA. 

According to the Brazilian Program for 
Improvement of Commercial Standards and 
Packaging of Fruits and Vegetables of the 
Horticulture Quality Center (CEAGESP, 2000), the 
quality values considered ideal for the state of Sao 
Paulo and used as parameters in this work are juice 
yield between 35 and 45%; soluble solid content of 
9 to 10 ºBrix; and ratio ≥ 9.0. 

The mean values obtained in each of the 
assessments were subjected to analysis of variance, 
and a regression analysis was conducted whenever 
there were significant differences. 
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Results and Discussion 

There was no effect of the year (2013 and 2014) 
on the fruit characteristics evaluated. The climate 
data for the two periods of evaluation show similar 

values of accumulated rainwater and average 
temperature (Figure 1). However, there was an 
interaction between the cultivars evaluated and the 
sampling periods (months after anthesis). 

Figure 1. Rainfall and average temperature during the evaluation period of ‘Navel’ orange cultivars (Mogi Mirim, Sao 
Paulo State, Brazil, 2012-2014-30 km from the experimental area). 
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Fruit peel color 

The color index values were larger for the group 
of new navel orange cultivars evaluated, indicating 
an earlier maturation than ‘Bahia Cabula’ (CV 25), 
which was used as the standard (Figure 2). Negative 
color index values indicate a greenish color; the 
more positive these values are, the more orange the 

fruit is. According to Gutierrez (2006) and Pacheco 
et al. (2014), there is a consumer preference for 
orange color fruit. The market rejects a greenish 
hue, except when the product is scarce (off-season). 
Thus, the only cultivar that presented unacceptable 
color (yellow-green) for marketing in the evaluated 
period was ‘Bahia Cabula’ – CV 25 (Figure 3). 
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Figure 2. Color index of the fruit peel of ‘Navel’ orange cultivars sampled 6 to 9 months after anthesis (Holambra, 
SP, 2013-2014). 
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The change in the peel color of citrus fruit is related 
to the degradation of chlorophyll and exposure 
of carotenoids, which occur gradually over time. 
Following the increase in CI, there is an increase in 
chlorophyllase activity and a concomitant decrease 
in the chlorophyll content of the flavedo (JOMORI 
et al., 2014). According to Rodriguez (1987), Gayet 
and Salvo Filho (2003) and Nascimento and Santos 
(2013), at colder temperatures, the determination of 
the harvest time based on changes in peel color is 
masked by an accelerated decrease in chlorophyll 
content and an increase in carotenoid pigments in 
the fruit peel. In this work, peel color changes were 

accompanied by changes in the internal quality of 
the fruit (soluble solids, acidity and ratio). 

Fruit mass and juice yield 

All cultivars evaluated had fruits with smaller 
mass values at 6 and 7 months after anthesis (Figure 
4 A) compared to the standard cultivar, ‘Bahia 
Cabula’ (CV 25), but that were suitable for the fresh 
fruit market as specified by the CEAGESP (2000). 
No cultivar presented fruits with mass below 150 
g, showing their potential for use in the fresh fruit 
market (CAPUTO et al., 2012). 

Figure 4. Fruit weight (A) and juice yield (B) of the orange cultivars ‘Washington Navel’ (CV 27), ‘Washington Navel 
I’ (CN 34), ‘Robertson Navel’ (CN 39), ‘Bahia Valente’ (CN 28), ‘Golden Nugget Navel’ (CN 41) and ‘Bahia Cabula’ 
(CV 25) 6 to 9 months after anthesis (Holambra, SP, 2013-2014). 
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Despite the lower mass, at 6 and 7 months after anthesis - March and April (Figure 4 A) - the 

cultivars studied presented mass gains similar to that of the standard cultivar. In most cultivars, there is a 

decreasing trend of mass values in the month of June (9 months after anthesis), which is directly related to 

low water availability in this period (Figure 1). The fruits usually lose mass in the winter months and, with 

the return of water with the spring rains, there is a fast and continuous mass gain (ALBRIGO, 1992; 

MACHADO et al., 2002). This occurs mainly in late cultivars, such as ‘Valencia’ and ‘Natal’ orange, but is 

also observed in early and mid-season cultivars.  

The juice yield was higher than 35% in all seasons (Figure 4 B); this value is considered suitable 

for marketing of orange fruit in the state of São Paulo (GRIZOTTO et al., 2012; BRUGNARA et al., 2009; 

CEAGESP, 2000). The high percentage of juice is a very interesting characteristic for citrus cultivars, both 

for those that will be used for fresh consumption and those used for processing (BARBASSO et al., 2005).  

The value paid for navel oranges in trade centers takes into account the number of dozens per box, 

classifying the fruits according to their mass and diameter and placing then into three categories (A, B and 

C), with category A being the most valued (GUTIERREZ, 2006). This fact highlights the need for fruit with 
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Despite the lower mass, at 6 and 7 months 
after anthesis – March and April (Figure 4 A) – 
the cultivars studied presented mass gains similar 
to that of the standard cultivar. In most cultivars, 
there is a decreasing trend of mass values in the 
month of June (9 months after anthesis), which 
is directly related to low water availability in this 
period (Figure 1). The fruits usually lose mass in the 
winter months and, with the return of water with the 
spring rains, there is a fast and continuous mass gain 
(ALBRIGO, 1992; MACHADO et al., 2002). This 
occurs mainly in late cultivars, such as ‘Valencia’ 
and ‘Natal’ orange, but is also observed in early and 
mid-season cultivars. 

The juice yield was higher than 35% in all 
seasons (Figure 4 B); this value is considered 
suitable for marketing of orange fruit in the state of 
São Paulo (GRIZOTTO et al., 2012; BRUGNARA 
et al., 2009; CEAGESP, 2000). The high percentage 
of juice is a very interesting characteristic for 
citrus cultivars, both for those that will be used for 
fresh consumption and those used for processing 
(BARBASSO et al., 2005). 

The value paid for navel oranges in trade centers 
takes into account the number of dozens per box, 
classifying the fruits according to their mass and 
diameter and placing then into three categories (A, 
B and C), with category A being the most valued 
(GUTIERREZ, 2006). This fact highlights the need 
for fruit with good diameter to obtain better market 
prices. The fruits of the cultivars evaluated would fit 
into category B and would have a good value (data 
not shown). 

 

Soluble solid content and acidity of the juice 

The soluble solid content of the juice of all 
cultivars increased over the evaluation months, 
indicating an increase in sugar content, which was 
higher in the new cultivars than in ‘Bahia Cabula’ 
(CV 25), thus indicating earlier maturation of the 
former (Figure 5A). 

Studies conducted by Ziegler and Wolfe (1975) 
consider that the minimum soluble solid (SS) 
content for the fruit to be considered ripe is 9 ºBrix. 
The soluble solid content in the fruit juice of all 
cultivars studied was greater than that reference 
value in the months evaluated. For citrus cultivars, 
the relationship between soluble solid content 
and acidity (ratio) is one of the most important 
characteristics because it helps determine the 
maturation point of the fruit. Tests conducted by 
Chitarra and Chitarra (1990) using sensory analysis 
demonstrated that oranges with a ratio above 9.5-
10:1 (soluble solids:acidity) are appreciated by 
consumers, thus confirming the importance of high 
sugar levels in fruit. 

The acidity levels decreased gradually over the 
evaluation months (Figure 5 B). The levels obtained 
were consistent with the maturation of the fruits; 
that is, the values decreased as the fruits matured, 
as described by Rodriguez (1987) and Davies and 
Albrigo (1994). The new cultivars, in comparison 
with ‘Bahia Cabula’ CV 25, presented lower acidity 
values at 7 and 8 months after anthesis (April and 
May), confirming the ripening and thus the early 
maturation of these cultivars. 

According to Sartori et al. (1998) and Kallsen 
and Sanden (2011), with increased final size of 
the fruit, there is a reduction in the concentration 
of acids due to dilution. This decrease in the 
concentration of titratable acidity, concomitant with 
the increase in soluble solid content throughout fruit 
development, results in increased soluble solids/
titratable acidity ratio (SS/TA), used as a parameter 
to indicate the commercial maturation point. During 
the maturation process, the concentration of organic 
acids tends to decline in most citrus fruits as a result 
of the use of these compounds as a respiratory 
substrate and as carbon skeletons for the synthesis 
of new compounds (KAYS, 1991). 
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Figure 5. Total soluble solid content (A) and acidity (B) of fruit juice of the orange cultivars ‘Washington Navel’ (CV 
27), ‘Washington Navel I’ (CN 34), ‘Robertson Navel’ (CN 39), ‘Bahia Valente’ (CN 28), ‘Golden Nugget Navel’ (CN 
41) and ‘Bahia Cabula’ (CV 25) 6 to 9 months after anthesis (Holambra, SP, 2013-2014. 
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CV 27    y = -0.03 x2 + 0.42 x - 0.67   R² = 0.49
CN 34    y = 0.02 x2 - 0.35 x + 2.15    R² = 0.99
CN 39    y = 0.02 x2 - 0.48 x + 2.98    R² = 0.99
CN 28    y = 0.015 x2 - 0.28 x + 2.12  R² = 0.99
CN 41    y = 0.0052 x2 - 0.10 x + 1.39 R² = 0.91
CV 25    y = -0.036 x2 + 0.48 x - 0.54  R² = 0.82
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Ratio of the juice  

All cultivars studied in this work, compared with the ‘Bahia Cabula’ orange (CV 25), currently 

marketed in São Paulo, showed earlier maturation. Beginning in March (6 months after anthesis), they had a 

minimum ratio of 10, which is considered suitable for harvest according to the CEAGESP criteria (2000) 

(Figure 6). This characteristic is of utmost importance for the fresh fruit market because the relationship 

between soluble solid content and titratable acidity, also known as the ratio, correlates with fruit flavor. The 

values found in this work are in agreement with those of Couto and Canniatti-Brazaca (2010) and Jones and 

Cree (1965), who consider ratios between 9 and 15 as ideal for fresh consumption.  

Figure 6. Mean ratio of fruit juice of the orange cultivars ‘Washington Navel’ (CV 27), ‘Washington Navel 
I’ (CN 34), ‘Robertson Navel’ (CN 39), ‘Bahia Valente’ (CN 28), ‘Golden Nugget Navel’ (CN 41) and 
‘Bahia Cabula’ (CV 25) 6 to 9 months after anthesis (Holambra, SP, 2013-2014).  
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with the ‘Bahia Cabula’ orange (CV 25), currently 
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Beginning in March (6 months after anthesis), they 
had a minimum ratio of 10, which is considered 
suitable for harvest according to the CEAGESP 
criteria (2000) (Figure 6). This characteristic is of 

utmost importance for the fresh fruit market because 
the relationship between soluble solid content and 
titratable acidity, also known as the ratio, correlates 
with fruit flavor. The values found in this work are 
in agreement with those of Couto and Canniatti-
Brazaca (2010) and Jones and Cree (1965), who 
consider ratios between 9 and 15 as ideal for fresh 
consumption. 
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Figure 6. Mean ratio of fruit juice of the orange cultivars ‘Washington Navel’ (CV 27), ‘Washington Navel I’ (CN 34), 
‘Robertson Navel’ (CN 39), ‘Bahia Valente’ (CN 28), ‘Golden Nugget Navel’ (CN 41) and ‘Bahia Cabula’ (CV 25) 6 
to 9 months after anthesis (Holambra, SP, 2013-2014). 
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CV 27 y = 0.12 x2 - 0.70 x + 12.82 R² = 0.69
CN 34 y = -0.4 x2 + 6.84 x - 15.05 R² = 0.85
CN 39 y = -0.1 x2 + 3.02 x - 3        R² = 0.97
CN 28 y = 1.56 x + 1.35                 R² = 0.93
CN 41 y = -0.5 x2 + 8.62 x - 23.55 R² = 0.98
CV 25 y = 0.15 x2 - 0.85 x + 7.6     R² = 0.98

 
 

It can be inferred that the harvest of the new cultivars, in the agricultural and climate conditions of 

the study site (Holambra, SP), could be started in March. Thus, the cultivars studied can be classified as early 

maturing within the group of navel oranges. According to Gutierrez (2006), the highest supply of navel 

orange in CEAGESP occurs from April 15 to September 20, with 73% of the total volume. Producing and 

harvesting navel oranges before this period can be a profitable alternative for the producer.  

In general, the production of later or earlier fruits is essential for the fresh fruit market because it 

can increase the supply of fruit throughout the year, allowing citrus growers to achieve greater profitability 

with good-quality fruits in the off-season period.  

 

Conclusion 

One can conclude that the physicochemical variables evaluated indicate the potential of the 

cultivars studied (‘Bahia Valente’, Golden Nugget, ‘Robertson Navel’, ‘Washington Navel’ and 

‘Washington Navel I’) for fresh fruit marketing in the off-season period. This group of cultivars presented 

early maturation, while the ‘Bahia Cabula’ (CV 25) cultivar can be considered mid-season; thus, they are 

viable options for extending the harvest period of this orange group.  
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