
1

ISSN 0100-2945                                                                                              DOI: http://dx.doi.org /10.1590/0100-29452018473

Corresponding author: 
E-mail: srsilva@usp.br 
Received: October 10, 2016. 
Accepted : March 27, 2017.

Copyright: All the contents of this 
journal, except where otherwise 
noted, is licensed under a Creative 
Commons Attribution License.

Fruit quality attributes of low chilling 
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Abstract – In Brazil there are still few studies on the post-harvest quality of low-chill blueberry 
cultivars, which have been recently introduced in the country. ‘Snowchaser’ blueberries were 
evaluated during a six-day storage period regarding fruit physical and chemical properties, and 
its antioxidant capacity. During fruit storage there was an increased weight loss and maintenance 
of some skin color properties such as luminosity (L*) and b*, whereas the values of parameter 
a* decreased and chroma (C) values increased. The levels of anthocyanins and flavonoids in the 
pulp increased, as well as the antioxidant activity. Maximum fruit shelf life at room temperature 
was six days without reduction on the antioxidant activity along the period, which is beneficial 
to consumers’ health.
Index terms: Vaccinium corymbosum, weight loss, color, anthocyanins, flavonoids, antioxidant activity.

Atributos de qualidade em frutos de mirtileiro 
‘Snowchaser’ de baixa exigência em frio 

cultivados no Brasil
Resumo – Há poucos estudos sobre a qualidade pós-colheita de cultivares de mirtilos de baixa 
exigência em frio hibernal, recentemente introduzidas no Brasil. Frutos de mirtileiro ‘Snowchaser’ 
foram avaliados quanto às propriedades físicas e químicas e também com relação à atividade 
antioxidante, durante 6 dias de armazenamento. Houve aumento da perda de massa e manutenção 
das variáveis colorimétricas de luminosidade (L*) e (b*), enquanto os valores da variável a* 
diminuíram e os de croma aumentaram. Os teores de antocianinas e flavonoides aumentaram, 
assim como a atividade antioxidante. O período máximo de conservação dos frutos em temperatura 
ambiente foi de 6 dias, sem redução da atividade antioxidante ao longo do período, o que é benéfico 
para a saúde dos consumidores.
Termos para indexação: Vaccinium corymbosum, perda de massa, coloração, antocianinas, 
flavonoides, atividade antioxidante.
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The pleasant flavor and the presence of considerable 
amounts of bioactive components, such as polyphenols, are 
responsible for the increase in blueberry fruit consumption 
(PATEL, 2014; LIM, 2012). Phenolic compounds are 
present in large amounts in blueberries, and may capture 
free radicals, inactivating them and preventing some 
forms of cancer, cardiovascular and neurodegenerative 
diseases, as well as certain inflammatory processes, among 
other diseases, therefore being defined as antioxidants 
compounds (CONCENÇO et al., 2014). 

Anthocyanins belong to this group of compounds 
and their antioxidant activity can be understood as the 
ability to inhibit oxidative degradation processes, due 
to their composition and chemical properties, as well 
as their bioavailability and resulting biological activity 
(CONCENÇO et al., 2014). Anthocyanin content in the 
fruits may vary depending on genus, species and cultivar, 
and their activity is influenced by environmental factors, 
cultural traits (RODRIGUES et al., 2011) and storage 
conditions. 

There are still few studies on post-harvest quality 
of blueberry cultivars with low chill demand, which have 
been recently introduced in Brazil (CANTUARIAS-
AVILÉS et al., 2014). Therefore, new research on this 
subject may reveal technologies for quality maintenance of 
these fruits. The ‘Snowchaser’ blueberry cultivar belongs 
to the earliest Southern Highbush group and has low 
chilling requirements, with fruit being harvested between 
April-May in California and North Florida. In Florida, 
where it was developed, this cultivar grows vigorously, 
and has a spreading habit, with good fruit yield and quality. 
Fruits are is medium-sized, with bright blue color and 
suitable firmness (LYRENE, 2008). The aim of this study 
was to evaluate the physical and chemical properties and 
the antioxidant capacity of ‘Snowchaser’ blueberries under 
room temperature storage. 

Fruit of this cultivar were harvested in January 2015 
in a commercial blueberry grove located in Piracicaba, 
Brazil, and were immediately transported to the 
Laboratory of Physiology and Biochemical Postharvest, 
at the Luiz de Queiroz College of Agriculture – Esalq/
USP, where they were stored at room temperature (22 ºC 
and 60% of RH), for 6 days. 

Fruit fresh weight loss (%) was calculated from 
the difference between the initial mass and that verified 
after each day of evaluation. Blueberry fruit skin color 
was assessed with a digital colorimeter (Konica Minolta 
Inc., Japan, model CR-400), and expressed in values of 
L, a* and b*, which were used for chroma calculation (C 
= [a2+ b2]1/2). Color measurements were performed in 10 
fruits for each repetition, with two readings per fruit, one 
in the equatorial region and the other in the basal region. 

Total anthocyanin and flavonoid contents were 
measured according to the methodology described by 
Lees and Francis (1972), on samples of 10g of fruit pulp 
homogenized in 50 mL of a solution containing 95% 
ethanol and 1.5 N HCl (85:15 v/v). After 12 h in the dark 

at 4 °C, a 2-mL aliquot of this solution was used for the 
absorbance reading in a spectrophotometer at 535 and 
374 nm, respectively (Biochrom Libra S22). The results 
were expressed in mg.100g-1 of pulp. The antioxidant 
activity was determined by the FRAP (Ferric Reducing 
Antioxidant Potential) method, as described by Benzie 
and Strain (1996), and by free radical DPPH scavenging 
method (2,2-diphenyl-1-picrylhydrazyl), according to 
Brand-Williams et al. (1995). For FRAP determination, 
10 mL of methanol were added to 0.10 g of ground pulp, 
previously subjected to an ultrasonic bath for 10 min and 
centrifugation at 6,000 rpm for 10 min The assay was 
performed in cuvettes with the addition of 90 µL of water, 
30 µL of the sample and 900 µL of FRAP reagent. After 90 
min, the absorbance was read at 594 nm. For instrument 
calibration, methanol was used as “blank”, while a 0.2 
mM FeSO4 7·H2O stock solution was used for the standard 
curve construction, being the results expressed in µmol 
FeSO4 100g-1 of pulp. For DPPH determination, 10 mL 
of ethanol were added to 0.10 g of ground pulp and were 
then submitted to 10 min of ultrasonic bath and 10 min of 
centrifugation at 6,000 rpm. Cuvettes were filled with 500 
µL of the sample, 3000 µL of ethanol and 300 µL of DPPH 
reagent. Absorbance was read at 517 nm, after a 30-min 
rest period. Calibration was performed with ethanol as 
“blank” and the antioxidant activity was expressed in % 
of reduced DPPH and calculated as follows: % of reduced 
DPPH = ((Blank absorbance – Sample absorbance)/(Blank 
absorbance))*100. 

The analyses were performed in the day of harvest 
and every 2 days, along 6 days. Data were submitted to 
analysis of variance, and the means were compared by the 
Tukey test (P≤0.05) using the statistical software SAS 9.3.

Two days after harvest, the blueberries had a 3.74% 
fresh weight loss, which continuously evolved until the 
last storage day, when they were extremely shriveled and 
had more than 20% initial mass loss, (Figure 1A), and 
were no longer attractive for fresh consumption. Such 
large weight loss probably occurred as a result of the 
non-refrigerated storage conditions, which could have 
led to the elevated fruit transpiration and respiration rates. 
Eum et al. (2013) also observed that ‘Duke’ and ‘Bluetta’ 
blueberries became improper for commercialization after 
6 days of storage at room temperature (20-25 ºC), with 
weight loss rates of  2.5% for ‘Duke’ and 4.0% for ‘Bluetta’ 
blueberries. 

Luminosity and b* colorimetric variables of 
‘Snowchaser’ blueberries skin did not vary throughout 
the storage period (Figures 1 B, 1C). Hence, there was 
no darkening of the blueberries from their harvest to 
senescence, indicating that this cultivar does not have 
problems of skin color variation along a 6-day storage 
period at room temperature, probably for being this a 
non-climacteric fruit. 

Between the second and the fourth day after 
harvest, there was a reduction in the a* colorimetric 
variable values, from -1.00 to -1.65 (Figure 1 C), but 
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this color variation was not associated with any visual 
change in blueberries skin color. Regarding chromaticity 
(C) values measured on fruit skin, there was a significant 
increase between the first and sixth days of storage, which 

is in agreement with higher pulp anthocyanin contents, 
once fruit skin chromaticity is also affected by pulp 
pigmentation (Figure 1 D). 

Figure 1- Weight loss (A) and color parameters (B, C and D) of the ‘Snowchaser’ blueberry fruit during storage at 
room temperature.

Anthocyanin content in fruit pulp was elevated 
from the second day after harvest, reaching more than 
twice the initial content in the last day of analysis (Table 
1). This expressive rise of blueberry pulp pigments may be 
probably caused by larger pigment biosynthesis and by a 
concentration effect because of the high fruit weight loss. 
The interconversion of organic acids by intensification 
of the shikimic acid pathway generates carbon skeletons 
that may be utilized for anthocyanin synthesis (KALT 
et al., 1999), a process that is boosted under storage 
conditions at room temperature, and might explain the 
observed steep increase of anthocyanins content. Fruits 
of the ‘O’Neal’ cultivar, which also belongs to the same 
group as ‘Snowchaser’, were stored at 0 ºC and wrapped 
in a biodegradable film, and also presented a continuous 
rise in anthocyanin contents along a 15 day storage period 
(CHIABRANDO; GIACALONE, 2015). Rodrigues et 
al. (2011) also observed values of 69.97 and 162.85 mg 
cyanidin-3-glucoside·100g-1 in fruits of the ‘Florida M’ 
and ‘Bluebelle’ cultivars, respectively.

There was also an increase in flavonoid content 
of ‘Snowchaser’ blueberries, mainly recorded from the 
second to the fourth day of storage (Table 1), probably 
because flavonoid continued to be biosynthesized in 

the postharvest period. Maximum flavonoid contents of 
‘Snowchaser’ blueberries were registered after 4 and 6 
days of room temperature storage and reached 50.23 to 
53.18 mg 100g-1. Bunea et al. (2011) observed flavonoid 
contents of  92.82; 103.18 and 84.33 mg 100g-1 for ‘Elliot’, 
‘Bluecrop’ and ‘Duke’ blueberry fruits, respectively. 

FRAP method revealed an increment in antioxidant 
activity between 4 to 6 days of storage at room 
temperature, which coincides with the rise in anthocyanin 
and flavonoid contents (Table 1). As the fruits employ 
antioxidants compounds against its senescence, there 
can be a decrease of this activity, with a recovery later. 
The DPPH determination did not indicate any difference 
in free radical scavenging activity along the postharvest 
period, with values varying from 47.79 to 57.31% (Table 
1).  These results indicated that, despite fruit senescence, 
there was no reduction of the antioxidant activity, which 
means that even in an advanced maturation stage, these 
fruits may bring benefits to consumers’ health. 

Schotsmans et al. (2007) also observed an increased 
antioxidant activity in ‘Maru’ and ‘Centurion’ blueberries 
stored at 20 oC. For ‘Elliot’, ‘Bluecrop’ and ‘Duke’ 
blueberries, antioxidant activity values of 50.74, 60.39 
and 33.03 μM Fe2+g-1 were obtained by the FRAP method, 

*Means followed by different letters significantly differ by the Tukey’s test (P<0.05)
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whereas by DPPH method the values were 43.48; 46.64 
and 29.96%, respectively (BUNEA et al., 2011). Thus, 
when compared to other blueberry cultivars, ‘Snowchaser’ 
showed good performance, reaffirming its potential for 
fresh fruit market. 

When stored at room temperature, ‘Snowchaser’ 
blueberries had a maximum conservation period of 
six days, mainly due to elevated fruit weight loss. The 
variety also exhibits a high potential regarding the fruit 
antioxidant capacity, and may be recommended for 
cultivation in Brazil in regions with low chilling incidence. 

Table 1. Contents of anthocyanins, flavonoids and antioxidant activity of ‘Snowchaser’ blueberry fruits during storage 
at room temperature. Esalq/USP, Piracicaba/SP, Brazil, 2015.

Days After 
Harvest

Anthocyanin 
content*

(mg 100g-1)

Flavonoid 
content*

(mg 100g-1)

FRAP* 
(µmol 

FeSO4.100g-1) 

DPPH*
(%)

0 62.36 c 31.81 b 39.50 ab 47.79 a
2 68.85 c 36.94 b 38.39 ab 49.79 a
4 102.77 b 50.23 a 36.59 b 50.62 a
6 141.67 a 53.18 a 50.23 a 57.31 a

*Means followed by different letters in columns significantly differ by the Tukey’s test (P<0.05).
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