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Blueberry (Vaccinium spp.) cultivation has experienced a notable increase both for its good organoleptic
characteristics and the nutritional and functional properties of this berry. The aim of this study was the physicochemical
characterization of blueberry juices obtained from 55 blueberry cultivars grown under the same environmental
conditions for 2—4 years. The results provide a broad and robust database, both for the number of cultivars and the
periods of monitoring thereof, in order to cover different aspects of blueberry processing, and more specifically,
production of juices. Blueberries belonging to V. virgatum cultivars showed the higher values of total anthocyanin
content, total phenolic content, antioxidant activity, soluble solids, and pH, and V. corymbosum cultivars the higher
level of titratable acidity. Results also showed a high variability among cultivars. Observed variations can be used in
plant breeding and classification of blueberry cultivars, at least, at the species level.

Keywords: blueberry, Vaccinium spp., antioxidant activity, total anthocyanin content, total phenolic content,
discriminant analysis

The blueberry is a shrub native to North America and Europe including more than 400 species
of the genus Vaccinium spp., family Ericaceae. The main cultivated species around the world
are of American origin: V. corymbosum L., or highbush blueberries; V. virgatum Aiton, or
rabbiteye; V. angustifolium Aiton, or lowbush blueberries; V. macrocarpum Aiton, or
American cranberry. Hybrid cultivars from interspecific crosses are also grown (RETAMALES
& Hancock, 2012).

Blueberry not suitable for fresh consumption is most frequently processed into juice,
which is considered as a source of bioactive compounds (BrRamBiLLA et al., 2008). Several
studies have been focused on the impact of juice processing methods on its composition
(BramBILLA et al., 2008; CHEN et al, 2014; Howarp et al., 2016), nevertheless, data about
composition of the juices from the available cultivars are limited and refer to a few ones. In
this sense, provide information on the chemical composition of juices obtained from the
commercially available varieties will help choosing the appropriate cultivars to obtain
products with the desired characteristics.

The aim of the study was the physicochemical characterization of blueberry juices from
a set of 55 cultivars, maintained under the same agronomic conditions, at least for two years.
The study covered different parameters (soluble solids, titratable acidity, pH, total anthocyanin
content, total phenolic content, and antioxidant activity) with interest both in the manufacture
of blueberry juices and from a nutritional and functional point of view.
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1. Materials and methods

1.1. Plant material

Fifty-nine accessions (Table 1) belonging to 55 cultivars (cvs) maintained in the SERIDA
field collection (Villaviciosa, Asturias, Spain; 43° 29" 01"'N, 5° 26" 11""W; elevation 6.5 m)
were used. The collection includes two plants per accession spaced at 1 x 2.5 m and watered
by drip irrigation. Fruit were harvested at maturity. Two harvests were carried out per year for
each cultivar.

1.2. Juice extraction

Samples (100 g) were milled using a commercial blender (Moulinex Model JU200),
centrifuged (5000 g, 20 min), and the juices were frozen until analysed.

1.3. Physicochemical analyses

Soluble solids (SS) were determined using a refractometer MA871 (Milwaukee Instruments
Inc, Rocky Mount, NC, USA). Titratable acidity (TA) was determined by titrating 10 ml of
sample and 10 ml of type I water with 0.1 N sodium hydroxide at pH 8.1. The pH was
measured in a Basic 20 pH-meter (Crison Instruments, Barcelona, Spain). Total anthocyanin
content (TAC) was estimated by the pH differential method (WroLsTAD, 1976). Total phenolic
content (TPC) by Folin’s method and antioxidant activity (AA) by DPPH method were
determined according to DINEIRO GARcia and co-workers (2009).

1.4. Statistical analyses

A two-way analysis of variance, cultivar and harvest year, taking harvest year as random
variable, was carried out to detect significant differences in the composition of blueberry
juices among cultivars.

A two-way analysis of variance, species and harvest year, taking harvest year as random
variable, was carried out to detect significant differences in the composition of blueberry
juices between species V. corymbosum and V. virgatum.

Principal Component Analysis (PCA) was employed to visualize the data structure, and
Linear Discriminant Analysis (LDA) was used for classification purposes.

The software used was SPSS 15.0 (SPSS Inc, Chicago, IL, USA).

2. Results and discussion

Table 1 shows the assigned species obtained from the passport database, the harvest data, and
the results of the physicochemical analysis of the blueberry juices.

The cultivars included the two main cultivated species (V. corymbosum and V. virgatum)
and covered a wide range of harvest period, from June until the end of September.

The composition of the blueberry juices showed significant differences (P<0.0001)
among the cultivars for all parameters studied (Table 1).
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TA ranged between 0.2% (cvs Ochlockonee, Rebel, and Sky blue) and 0.9% citric acid
(cvs Aurora, Late blue, Rubel, and Cosmopolitan), with an average value of 0.5%. These
values are in accordance with the data reported by Skupien (2006), while Kim and co-workers
(2013) reported values of TA between 0.8 and 3.6%. The differences among the data provided
by other research groups for the same cultivar (Skupien, 2006; Kim et al., 2013; Zorenc et al.,
2016) can be due to the ripening process, the environment or the interaction genotype-
environment.

Cultivars Cosmopolitan and Rebel presented the most extreme pH values, 2.4 and 3.2,
respectively. Only 4 of the 59 accessions presented pH mean values higher than 3.0 (cvs
Rebel, Ochlockonee, Camelia, and Drapper), while only in 3 of the 45 samples studied by
Kim and co-workers (2013) were the pH values equal to or less than 3.0. In this sense, it is
important to note that lower pH levels can facilitate the stability of anthocyanins in blueberry
juices (Howarbp et al., 2016).

The sugar content, expressed as % soluble solids (SS), showed values between 7.9 and
13.5 °Brix for the cvs Cosmopolitan and Powderblue, respectively. These values agree with
the ranges described by SkupieN (2006), although some authors have published results of SS
differing by more than 25% for the same cultivars (Kmv et al., 2013).

TA and SS contribute to organoleptic characteristics of juices. BETT-GARBER and co-
workers (2015) detected significant correlations between TA and the descriptors ‘sour’ and
‘throat burn’ in blueberry juices, and between SS and sweet taste, which would allow
estimating differences in the properties of the juices from the data in Table 1.

Ranges between 10-33 to SS/TA ratio and 2.25-4.25 to pH were suggested as indicators
of good quality for blueberry (BEauDRY, 1992). According to these parameters, 48 of 55
cultivars studied showed optimum values, only excepting the cvs Ochlockonee, Overtime,
Powerblue, Sky blue, Draper, and Rebel (ratio >33) and Cosmopolitan (ratio <10).

Polyphenols contribute prominently to the antioxidant activity of blueberries, considered
one of the most valuable functional properties of this fruit (BEaTTIE et al., 2005). TPC ranged
between 385.5 mg gallic acid/l (cv Topshelf) and 2228.0 mg GAE/] (cv Centrablue), with an
average content in the collection of 917.5 mg GAE/l. TAC ranged between 12.0 and 287.3
mg cyanidin 3-glucoside/l for cvs Cipria and Columbus, respectively, with an average value
of 63.8 mg cyanidin-glucoside/l juice. TPC and TAC values agree with values reported in
blueberry juices (KaLT et al., 2000; CHeN et al, 2014), although BrambiLLA and co-workers
(2008) described higher anthocyanin content for some of the cultivars studied in this work.
The high variability in TAC within each cultivar can be due to various environmental and
agronomic factors. Zorenc and co-workers (2016) also detected, for the same cultivar,
differences in TAC of around 29% between the first and third harvest date, and KaLt and co-
workers (2001a) observed the inter annual variation can reach up to 2.4 times for both abiotic
and biotic reasons. On the other side, TAC and TPC reported in the whole fruit are around ten
times higher (STEVENSON & ScaLzo, 2012; Kim et al., 2013) and with TAC/TPC ratios in the
range 0.15—1.1. The analysed juices showed TAC/TPC ratios between 0.02—0.15 for the cvs
Cipria and Maru, respectively. In this sense, it should be noted that the determination of these
families of compounds in the berry is done after extraction in methanolic medium, which
favors the extraction of phenolic compounds in general and anthocyanins in particular (Kim
etal., 2013).

Antioxidant activity (AA) showed differences among the cultivars of almost an order of
magnitude between the cultivars with the highest and lowest antioxidant activities: 1611.5
mg ascorbic acid/l (cv Centrablue) and 173.5 mg ascorbic acid/l (cv Top shelf). TAC and TPC
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correlated positively between them and with AA in the samples evaluated (r., .., =0.893 and
P<0.0001, r,,,.,=0.896 and P<0.0001; r,,.,,,=0.971, and P<0.0001), which highlights the
large contribution of these chemical families to antioxidant activity.

Significant differences were detected between the species V. corymbosum and V.
virgatum (P<0.01) for all variables studied. The phenolic compounds are mainly located in
the skin of the fruit, so the juices from V. virgatum cultivars, producers of small fruit and
therefore with a greater skin/fruit ratio, are those that presented the highest concentration,
twofold higher, of TPA, TPC, and AA (Table 1). Stevenson and Scarzo (2012) found a
significant correlation between fruit size and total phenolic content (r= —0.50) and total
anthocyanins (r= —0.48), and Karr and co-workers (2001b) detected higher content of
anthocyanins in the species V. angustifolium versus V. corymbosum; however, these authors
could not establish a relationship between fruit size and anthocyanin content. Moreover, V.
corymbosum cultivars showed a higher TA, with a higher average content of 50% (Table 1),
while for the V. virgatum species a higher pH value was detected. Likewise, the average
content of SS was significantly higher (23%) for the species V. virgatum, revealing important
differences not only at the cultivar level but also at the species level.

PCA on the data matrix showed two significant components (eigenvalues >1) that
accounted for 87.6% of the variance (Fig. 1). Figure 2 displays the loadings of each variable
in these axes. V. virgatum cultivars, with higher values of SS, TAC, TPC, and AA, are located
on the right side of the principal component 1 (PC 1), while samples of V. corymbosum, with
higher values of TA, are located on the left side of this axis. The projection of the scores
obtained for the hybrid cultivars placed these individuals in the zone of the V. corymbosum
cultivars (Fig. 1), which shows the similarity of the berries produced by the hybrids and the
taxons of the species V. corymbosum for the variables studied.
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Fig. 1. Projection of the 59 accessions of blueberry on the plane formed by the 2 principal components (PC). o: V.
corymbosum; e: V. virgatum; o: Hybrid
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Fig. 2. Loadings plot for first and second components
SS: Soluble solids (°Brix); TA: titratable acidity (% citric acid); TAC: total anthocyanin content (mg cyanidin-
glucoside/l); TPC: total phenolic compounds (mg gallic acid/l); AA: antioxidant activity (mg ascorbic acid/l)

Finally, the chemical variables were used for classification and predictive purposes, at
the species level, through a stepwise LDA in order to know the most discriminant variables.
To build the model, the variables TAC and AA were rejected, while the most important
variables were TPC and TA. In this way, a discriminant function (F) was computed:

F=—0.472A, +9.368A,+11.894A —0.003A,~24.599

with centroids C,=1.166 (V. corymbosum) and C,= —4.082 (V. virgatum), where A : SS; A_:
pH; A;: TA and A,: TPC. Classification hits, and prediction hits by leave-one-out cross
validation, were 100% for all cultivars of species V. corymbosum and V. virgatum. When the
discriminant function was used to classify the hybrid cultivars, all of them, except Misty
(classified as V. virgatum) were classified as V. corymbosum. In this sense, Campa and
FERREIRA (2018) have shown the genetic proximity between the hybrid cultivars of this study
and the species V. corymbosum.

3. Conclusions

The blueberry cultivars studied covered a wide genetic diversity and a wide range for harvest
period. The study provides a broad and robust database, both for the number of cultivars and
the periods of monitoring thereof, in order to cover different aspects of blueberry production
and more specifically of obtaining juices. Blueberries belonging to V. virgatum cultivars
showed the higher values of TAC, TPC, AA, SS, and pH, and V. corymbosum cultivars the
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higher level of TA. The parameters studied showed a high variability among cultivars as a
result of abiotic and biotic conditions, which highlights the need to conduct characterization
studies in time. The parameters analysed in this study could be used to classify the cultivars
at the species level through LDA.

This work was supported by the grant RTA2013-00076 from INIA — Ministerio Economia y Competitividad
(Spanish Government) and co-financing from FEDER funds. Ana Campa is paid by INIA-CCAA (DR13-0222).
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