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1 Introduction
The blueberry belongs to the family Ericaceae, subfamily 

Vaccinoideae, genus Vaccinium, and is native to North America 
and European regions, where it is widely cultivated and 
commercialized. In Brazil, this fruit is still relatively unknown, 
but it has great potential for growth, mainly in the state of 
Rio Grande do Sul (RS), due to the temperate climate, and 
the Vaccinium ashei has been considered the most promising 
species.

This fruit, like most berries, is rich in flavonoids, tannins 
and phenolic acids. Many studies have indicated that the 
blueberry has several beneficial health properties associated 
with the presence of such bioactive compounds, especially 
anthocyanins (Heinonen et al., 1998, Smith et al., 2000; Seeram, 
2008).

The blueberry is known as a “longevity fruit” due to its 
high antioxidant capacity against free radicals and reactive 
species and it is considered one of the greatest sources of 
antioxidants among all fruits and vegetables (Prior  et  al., 
1998). This activity is likely the main mechanism by which 
its consumption may reduces the risk of the development of 
several diseases, such as chronic non-communicable diseases 
(NCDs) that are stimulated by oxidative processes (Halliwell, 
2006).

The main chronic diseases that the blueberry has been 
linked to the prevention and treatment are cancer (Smith et al., 
2000; Katsube et al., 2003), diabetes mellitus (Martineau et al., 
2006) and cardiovascular (Heinonen  et  al., 1998) and 
neurodegenerative (Joseph et al., 2003; Krikorian et al., 2010) 
diseases. Moreover, blueberries are also reported to have 
beneficial effects on vision (Kalt et al., 2010).

Agro-industrial wastes are composed primarily of organic 
matter, typically rich in sugars and fiber. These wastes have a 
high nutritional value but present an environmental problem 
when produced in large quantities. In addition, these residues 
may contain bioactive substances with health promoting 
properties and potential technological applications, such as 
antioxidants and even food dyes (Lee & Wrolstad, 2004). 
Thus, these wastes represent a potentially useful resource to 
be explored.

This study aimed to physicochemically characterize 
and determine the antioxidant activities and anthocyanin 
contents of blueberry fruit in natura and its derived products 
to encourage increase their production and trade, as well 
to investigate the utility of food processing wastes as raw 
materials for developing new products with beneficial health 
properties.
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Abstract
The objectives of this study were to physicochemically characterize and determine the antioxidant activities and anthocyanin 
contents of organic Rabbiteye blueberries grown in Southern Brazil and its derived products, in order to investigate the utility 
of food processing wastes as raw materials for developing products with beneficial health properties. The antioxidant capacity 
of the blueberries was superior to that of other fruits and juices. The pomace exhibited high activity, albeit lower than that 
of the fruit, while the flour and the dried blueberries lost 66% and 46% of the original antioxidant activity, respectively. The 
average anthocyanin contents of the fruits were moderate compared to other sources and species of blueberries. The pomace 
contains a large amount of anthocyanins while the flour and dried blueberries exhibited a 32% and 42% loss in anthocyanin 
content, respectively. The use of agro-industrial residues, in addition to adding value and minimizing the impact caused by the 
accumulation in the environment, can be directed toward the development of new products with bioactive properties.
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Practical Application: Knowing that the blueberry is a fruit with high antioxidant capacity and great productive potential in 
southern Brazil, the characterization and determination of bioactive substances of blueberry fruits and its derived products 
showed that the utilization of agro-industrial wastes as raw materials can be an interesting alternative for developing new products 
with health promoting properties and technological applications, such as antioxidants and food dyes, besides minimizing the 
impact caused by their accumulation in the environment.
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2 Materials and methods
2.1 Samples

Organic blueberries of the cultivar Delite (Rabbiteye 
group) were supplied by the “Fazenda Viva o Verde” in the 
city of Camaquã, RS, Brazil (Latitude: 30° 46’ 25.26” S and 
Longitude: 51° 42’ 38.78” O). The berries were picked between 
December 2010 and January 2011 and stored at –18 °C until use.

Whole juice, dried blueberries and flour from the residue 
formed after the extraction of the blueberry juice (pomace) 
were produced. The whole juice was prepared using a domestic 
centrifugal-type extractor (Walita-Philips®), in which the liquid 
was collected and separated from the residue (pomace). The 
flour was produced by drying the pomace in a convection dryer 
at 80 °C for 2 hours and 30 minutes and subsequently grinding 
the dried pomace in a mill (Arbel, model MCF 55, São José 
do Rio Preto, Brazil). The dried blueberries were prepared by 
convective dehydration at 80 °C for 6 hours.

2.2 Physicochemical characterization

Total titratable acidity (TTA) was determined by titration, 
pH was measured using a pH meter (quimis, model q400A, 
Diadema, SP, Brazil) and the soluble solids (SS) were measured 
using a digital PAL-3 refractometer (Atago, model Pocket 
Pal-3, Ribeirão Preto, SP, Brazil). The protein concentration 
was determined by the Kjeldahl method using a conversion 
factor of 5.75. The lipid concentration was determined by the 
Soxhlet extraction method, and ash was analyzed in a muffle 
furnace controlled at 550 °C. Moisture content was measured 
by gravimetry, the total carbohydrate content was measured 
using the difference method and the reducing and non-
reducing sugars were measured using the Eynon-Lane method. 
All analyses were carried out in three independent samples 
and according to AOAC procedures (Association of Official 
Analytical Chemists International, 2005).

2.3 Antioxidant activity

The DPPH method (Brand-Williams et al., 1995), based 
on the capture of free radicals by antioxidants, and the ABTS 
method (Re et al., 1999), in which the free radical is generated 
by a chemical reaction with potassium persulphate, were used 
(with minor modifications) to determine the antioxidant activity 
of each sample.

The extract was obtained from an approximately 10 g 
sample in 40 mL 50% aqueous methanol and 40 mL 70% 
aqueous acetone and centrifuged twice at 15000×g for 15 
minutes (Hitachi, model Himac CR21E centrifuge, Tokyo, 
Japan). Three dilutions were prepared from the supernatant 
(1:5, 1:10 and 1:15).

For the DPPH method, a 100 µL aliquot of each dilution 
was added to 3.9 mL of DPPH radical and read at 515 nm in an 
ultrospec 3100 pro spectrophotometer (Amersham Pharmacia 
Biotech, Cambridge, uK) after 30 minutes, using methanol as 
the blank. For the ABTS method, an aliquot of 30 µL of each 
dilution was added to 3.0 mL of ABTS radical, and the sample 

was read in the spectrophotometer at 734 nm after 6 minutes 
of reaction, using ethanol as the blank and Trolox to generate 
a standard curve. The analyses of the extract were carried 
out in triplicate, and the results were presented in g or mL of 
sample/g of DPPH or in µM of Trolox equivalents (TE)/g or 
mL of sample.

2.4 Anthocyanin extraction, identification and 
quantification

The anthocyanins were exhaustively extracted from a sample 
of approximately 2 g using a 1% solution of HCl in methanol. The 
solution was then filtered and vacuum concentrated (T < 38 °C) 
in a rotary evaporator (Fisatom, model 801/802, São Paulo, SP, 
Brazil) (Francis, 1982). The concentrated crude extract was 
transferred to a 25 mL flask, and the volume was completed with 
the acidified methanol solution. A 1 mL aliquot of this solution 
was removed, dried under nitrogen gas (N2) and stored frozen 
(T < –18 °C) until analysis. This extract, dried in N2 (or 1 mL of 
previously filtered juice), was diluted in chromatographic grade 
methanol, homogenized in an ultrasound bath (unique, model 
uSC 1400, Indaiatuba, SP, Brazil) and filtered into a vial through 
a polyethylene membrane (Millex PTFE, Millipore) with a pore 
size of 0.45 mm and diameter of 13 mm.

The anthocyanins were quantified by High Performance 
Liquid Chromatography (HPLC) and identified in comparison 
with the appropriate standards. All of the solvents used in the 
HPLC separation were of chromatographic grade and were 
filtered through the Millipore vacuum filtration system using a 
0.45 mm membrane for organic solvents prior to use (Millipore, 
Barueri, SP, Brazil).

An Agilent series 1100 chromatograph (Santa Clara, CA, 
uSA) equipped with a quaternary solvent pumping system and 
uv/vis detector was used for the HPLC analyses. The pigments 
were separated on a Shim-pak 5 mm C18 CLC-ODS reverse 
phase column, 250 × 4.6 mm (Shimadzu, Kyoto, Japan). A linear 
gradient elution with a mobile phase of 4% aqueous phosphoric 
acid/acetonitrile, from 85:15 (v/v) to 20:80 (v/v) in 25 minutes 
in a chromatographic run of 15 minutes, was used, according 
to the conditions established experimentally by Zanatta et al. 
(2005). The flow rate of the mobile phase was 1.0 mL/min, and 
the injection volume was 5 µL or 10 µL (juice). The column 
temperature was maintained at 29 °C, and the chromatograms 
were processed at 520 nm. The anthocyanins were extracted 
and injected into the chromatograph in duplicate, and the 
compounds were identified by comparing the retention times 
(tR) of the samples with those of commercial standards obtained 
from Sigma-Aldrich® (St. Louis, MO, uSA).

The anthocyanins were quantified by constructing 
standard curves with glycosylated anthocyanins (cyanidin-3-
glucoside, cyanidin-3,5-diglucoside, delphinidin-3-glucoside, 
pelargonidin-3-glucoside, pelargonidin-3,5-diglucoside, 
malvidin-3-glucoside and malvidin-3,5-diglucoside) 
and aglycones or anthocyanidins (cyanidin, delphinidin, 
pelargonidin, malvidin and peonidin).
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The limits of detection (LD) and quantification (Lq) 
were calculated according to Long & Winefordner (1983) 
as: 8.05×10–8 and 1.34×10–7 mg/kg (cyanidin-3-glucoside); 
2.18×10–8 and 3.63×10–8 mg/kg (cyanidin-3,5-diglucoside); 
2.84×10–7 and 4.74×10–7 mg/kg (delphinidin-3-glucoside); 
9.75×10–8 and 1.63×10–7 mg/kg (pelargonidin-3-glucoside); 
7.41×10–8 and 1.23×10–7 mg/kg (pelargonidin-3,5-diglucoside); 
3.30×10–7 and 5.50×10–7 mg/kg (malvidin-3-glucoside); 
1.73×10–6 and 2.89×10–6 mg/kg (malvidin-3,5-diglucoside); 
1.51×10–7 and 2.52×10–7 mg/kg (aglycone cyanidin); 1.57×10–7 
and 2.61×10–7 mg/kg (aglycone delphinidin); 9.57×10–8 and 
1.59×10–7 mg/kg (aglycone pelargonidin); 7.12×10–8 and 
1.19×10–7 mg/kg (aglycone malvidin); and 1.23×10–7 and 
2.05×10–7 mg/kg (aglycone peonidin).

3 Results and discussion
Physicochemical characterization

The chemical composition (Table  1) of the blueberry 
fruits produced in RS (Brazil) demonstrated that they satisfied 
the quality parameters reported by Sousa  et  al. (2007). The 
blueberry has high water content (85.78%), making it very 
susceptible to deterioration due to microbial contamination. 
This amount of water in the tissues depends strongly on the 
soil water availability during harvest (Sousa et al., 2007). The 
pomace still has a high moisture content (81.45%) compared 
to the other products that have been subjected to a dehydration 
process, thus increasing their shelf life.

The dried blueberries are within the standard for dried 
fruits, with a moisture content below 25%. The blueberry flour 
had a moisture content of 5.9%, similar to that found by Hoye & 
Ross (2011) for flour produced from the dried seeds of “Merlot” 
grapes (7.4%).

Both the fruit and the products derived from blueberry 
have low lipid contents. The value   found for fruit in natura 
(0.73%) was lower than that reported in the uSDA database 
(u.S. Department of Agriculture, Agricultural Research Service, 

2013) (2.09%) and that shown by vasco et al. (2009) (5.26%) for 
blueberries grown in Ecuador.

The protein content of the dried blueberries (4.15%) was 
similar to the fruit (4.10%), as well of the flour (4.25%) compared 
to the pomace (4.67%). The protein concentration in the fruits 
was higher than that reported for a blueberry of Andean origin 
(vasco et al., 2009) (3.68%) and similar to that reported in the 
uSDA database (u.S. Department of Agriculture, Agricultural 
Research Service, 2013) (4.31%).

The fruits had had a higher ash content compared to 
the pomace, dried blueberries and flour, most likely due to 
differences in harvesting time and the mineral concentration 
in the soil for blueberries from the same batch. The ash values 
found in the fruit (1.80%) were higher than those in the 
uSDA database (u.S. Department of Agriculture, Agricultural 
Research Service, 2013) (1.52%) but lower than those reported 
by vasco et al. (2009) (2.11%).

The total carbohydrate content of the fruit (93.37%), 
calculated using the difference method, was higher than 
those reported by the uSDA database (u.S. Department of 
Agriculture, Agricultural Research Service, 2013) (91.77%) and 
also by vasco et al. (2009) (88.95%).

The blueberry has a sweet-sour or acid taste; therefore, 
sugar concentration and the pH are important parameters for 
assessing blueberry quality. The sugars are the most abundant 
soluble components in the blueberry, especially glucose and 
fructose (Sousa et al., 2007). Because these monosaccharides 
are reducing sugars, the values   for total and reducing sugar 
were similar. The amount of total sugars in the fruit (70.65%) 
was higher than that reported in the uSDA database (u.S. 
Department of Agriculture, Agricultural Research Service, 2013) 
(63.08%) and also higher than those measured in the products. 
The flour showed values below that of the dried blueberries, due 
to the lower concentration of sugars in the pomace. Moreover, 
both the flour and the dried blueberries may have been subjected 

Table 1. Chemical composition of the Rabbiteye blueberry fruits, pomace, dried blueberries and flour.a

FRuIT POMACE DRIED BLuEBERRY FLOuR
MOISTuRE 85.78±0.62 81.45±0.46 24.36±0.83 5.91±0.19
TOTAL LIPID 0.73±0.06 0.67±0.02 0.42±0.04 1.04±0.00
PROTEIN 4.10±0.08 4.67±0.19 4.15±0.21 4.25±0.16
ASH 1.80±0.01 1.59±0.05 1.21±0.07 1.13±0.04
REDuCING SuGARS 68.54±0.75 49.69±0.93 54.34±0.63 36.58±2.23
TOTAL SuGARS 70.65±1.55 51.39±1.37 58.04±1.81 41.24±2.48
a Results presented as mean ± standard deviation and expressed in g/100 g dry weight (DW).

Table 2. quality parameters of the Rabbiteye blueberry fruits, pomace, dried blueberries, whole juice and flour.a

FRuIT POMACE DRIED BLuEBERRY JuICE FLOuR
pH 2.92±0.00 2.94±0.00 2.82±0.01 2.90±0.00 2.88±0.02
SS (ºBrix) 10.67±0.29 10.50±0.00 ND 12.03±0.15 ND
TTA (%) 0.68±0.01 0.40±0.01 ND 0.50±0.00 ND
RATIO SS/TTA 15.69 26.25 ND 24.06 ND
Abbreviations: SS (soluble solids), TTA (total titratable acidity), ND (not determined); a Results presented as mean ± standard deviation and expressed in fresh weight (FW).
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to the Maillard reaction and caramelization during the drying 
process.

The pH values of the fruit and its derived products were 
low (Table 2), indicating that the blueberry can be considered 
acidic, an important factor in its preservation. The value   for 
the fruit (2.92) was intermediate to those of Highbush cultivars 
(Molina  et  al., 2008) (2.80 to 3.20) and similar to those of 
other cultivars in the Rabbiteye group (Saftner  et  al., 2008) 
(2.80 and 3.00).

The blueberry juice had the highest SS content of the 
products measured, followed by fruit and pomace. vázquez-
Araújo et al. (2010) found values   of 10.4, 12.9 and 10.8 °Brix 
in the juices of blueberry, blackberry and raspberry fruits, 
respectively. For mature Lowbush blueberries, Kalt & McDonald 
(1996) found a mean value of 11.15 °Brix, while Molina et al. 
(2008) showed an average of 11.63 °Brix for Highbush 
blueberries, and Saftner  et  al. (2008) reported an average of 
11.75 °Brix for cultivars of the Rabbiteye group.

The TTA of the fruit was superior to that of the pomace 
and the blueberry juice, as well as those of the majority of 
the cultivars analyzed by Saftner et al. (2008). These authors 
reported that blueberries should have SS values   above 10%, 
TTA values between 0.3 and 1.3%, pH values from 2.25 to 4.25 
and an SS/TTA ratio between 10 and 33. Thus, the organic 
Rabbiteye blueberry, produced in RS, can be considered of 
commercial quality.

3.2 Antioxidant activity

Blueberries have a high antioxidant activity and are 
considered a major source of dietary antioxidants (Prior, 1998). 
The antioxidant capacity of our blueberry fruit (Table 3) was 
superior to that of many cultivars analyzed by Sellappan et al. 
(2002) using the ABTS assay (with the exception of the Premier), 

as well as to most fruits (such as açaí, cashew apple, strawberry, 
passion fruit and mango) studied by vasco et al. (2008) and 
Rufino et al. (2010) using the ABTS and DPPH methods.

The high antioxidant capacity of blueberries is more strongly 
correlated to its total phenolic content than to its anthocyanin 
content, and ascorbic acid also has a small contribution to 
antioxidant activity (Prior  et  al., 1998). According to these 
authors, fruit maturity at harvest positively affects antioxidant 
activity and total phenolic and anthocyanin contents, and 
variations exist between different varieties of blueberry. 
Several other factors influence the antioxidant activity, such as 
environmental conditions prior to harvest, stage of ripeness of 
the fruit after harvest, and storage and processing conditions 
(Connor et al., 2002).

The fruits had a higher antioxidant activity than any of 
the derived products. The juice extraction residue (pomace) 
contains approximately 52% of the antioxidant activity of the 
fruit (on a dry basis, measured by the ABTS method), showing 
that the compounds present in the peel contribute to the 
antioxidant properties of blueberry, likely due to the higher 
anthocyanin content (Lee & Wrolstad, 2004).

Blueberry juice has a low antioxidant capacity (2.79 g TE/L 
or 11.14 µM TE/mL), although it is higher than the antioxidant 
activity of bayberry (0.77 to 2.17 g TE/L) (Fang et al., 2009) and 
cranberry juices, and similar to açai juice (10.4 and 12.8 µM 
TE/mL, respectively) (Seeram et al., 2008). Some antioxidant 
compound losses may have occurred during the extraction of the 
juice; the release of enzymes such as polyphenol oxidase during 
the pressing process can cause oxidation reactions, degrading 
phenolic compounds (Skrede et al., 2000).

The flour obtained by drying the pomace lost approximately 
66% of its antioxidant activity, expressed in dry weight and TE, 
likely due to thermal treatment and grinding, while the dried 

Table 3. Antioxidant activity of the Rabbiteye blueberry fruits, pomace, dried blueberries, whole juice and flour.
FRuIT POMACE DRIED BLuEBERRY JuICE FLOuR

ABTSa 35.39±0.84 22.74±0.33 85.89±0.11 11.14±0.18 39.48±0.34
DPPHa 2938.05±14.38 4958±110.60 1246.74±9.45 12137.53±116.82 ND
ABTSb 236.74±7.41 122.56±1.81 127.29±0.16 NA 41.93±0.36
DPPHb 480.84±2.35 919.71±20.52 841.26±6.37 NA ND

Abbreviations: TE (Trolox equivalents), NA (not applicable) e ND (not determined); a Results presented as mean ± standard deviation and expressed in µM TE/g (mL) FW, for ABTS, 
or in g (mL) FW/g DPPH; b Results presented as mean ± standard deviation and expressed in µM TE/g (mL) DW, for ABTS, or in g (mL) DW/g DPPH.

Table 4. Anthocyanins of the Rabbiteye blueberry fruits, dried blueberries, whole juice, pomace and flour.a

PEAK TR ANTHOCYANIN FRuIT DRIED BLuEBERRY JuICE POMACE FLOuR
1, 2 3.57 Cy-3.5-Glub 361.17±3.71 185.28±11.76 2.85±0.00 233.40±8.49 232.68±0.18

3 4.24 Dph-3-Glu 484.26±13.79 338.47±17.09 2.40±0.04 375.48±14.53 178.09±10.49
5 5.19 Cy-3-Gluc 261.21±1.38 125.13±6.23 4.95±0.05 231.48±11.65 173.59±11.84
8 5.92 Pg-3-Glu 208.36±0.73 101.40±0.08 3.56±0.06 225.35±3.44 155.13±7.29

10 6.41 Mv-3-Glud 341.27±27.51 194.41±12.14 6.10±0.09 370.71±1.36 221.06±1.86
14 7.63 Cy Agl 119.48±2.44 83.37±5.92 0.75±0.07 135.74±6.18 101.08±4.41

Total 1775.75±8.26 1028.05±8.87 20.61±0.05 1572.15±7.61 1061.64±6.01
Abbreviations: tR (retention time of the standard, in minuts), Cy (cyanidin), Pg (pelargonidin), Mv (malvidin), Dph (delphinidin), Agl (aglycone) e Glu (glucoside); a Concentrations 
presented as mean   ± standard deviation and expressed in mg/100 g DW or mg/100 mL of juice. The concentrations of malvidin aglycone or peonidin aglycone were not considered 
because they were not found in all samples; b By injecting 1 µL of this standard, the peak did not split, eluting in a single tR; c Concentrations in terms of cyanidin-3-glucoside, because 
it co-eluted with the malvidin-3,5-diglucoside; d Concentrations in terms of malvidin-3-glucoside, because it co-eluted with the delphinidin aglycone.
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blueberries lost approximately 46% of the antioxidant capacity 
of the fruit. using the ORAC method, Kalt et al. (2000) found 
that only 16% of the antioxidant activity of the whole berry 
was present in the juice extraction residue from the Lowbush 
blueberry. The authors also observed that fruit subjected to more 
intense drying showed lower activity and that a commercial 
powder mixture contains approximately 14% of the ORAC of 
fresh fruit.

3.3 Anthocyanins

The profiles and concentrations of anthocyanins present 
in Rabbiteye blueberry fruit and derived products are shown 
in Table 4. A total of 16 chromatographic peaks were observed 
for the fruit (Figure 1), but only 8 of which were identified. The 
cyanidin-3,5-diglycoside split into two peaks, and malvidin 
aglycone, malvidin-3-glucoside and malvidin-3,5-diglycoside 
co-eluted with peonidin aglycone, delphinidin aglycone 
and cyanidin-3-glucoside, respectively. The anthocyanins 
pelargonidin aglycone and pelargonidin-3,5-diglycoside were 
not found. Pelargonidin-3-glucoside was identified in tR 
5.8-5.9 min, and the concentrations were expressed in terms 
of this anthocyanin. However, as there are no reports of the 
presence of pelargonidin in other studies with blueberries, 
except in Koca & Karadeniz (2009), it is possible that this peak 
actually represents another compound of similar polarity.

According to Nicoué  et  al. (2007), co-elutions are 
common in reverse-phase liquid chromatography analysis of 
anthocyanins in blueberries because they contain a complex 
mixture of such compounds, and it is only possible to detect and 
distinguish these compounds by mass spectroscopy.

Kalt et al. (1999) identified 25 peaks representing simple 
or acylated anthocyanins in different species of blueberry, with 
delphinidin as the major compound. Gao & Mazza (1994) 
also reported 25 types of simple or acylated anthocyanins in 
Lowbush blueberries and 20 for Highbush blueberries, finding 
between 120 and 260 mg/100 g FW in cultivars of the first group 
and approximately 110 mg/100 g FW in the second group. These 
studies identified five anthocyanidins (cyanidin, delphinidin, 
malvidin, petunidin and peonidin) and its combinations 
with glucose, galactose and arabinose in position 3. Cho et al. 
(2004) reported a huge variety in the anthocyanin contents of 

blueberries of different genotypes (1435.2 to 8227.3 mg/ kg FW) 
but similar profile distributions.

The total anthocyanin values found for the organic 
Rabbiteye blueberry produced in Southern Brazil were higher 
than those found in both Highbush and Lowbush blueberries 
(Gao & Mazza, 1994), in other Rabbiteye cultivars (Yousef et al., 
2014) and in a blueberry native to Turkey (Lätti et al., 2009). The 
anthocyanin with the highest concentration was delphinidin-
3-glucoside, with a mean of 288 mg/100 g DW in the fruits of 
Caucasian origin and 484 mg/100 g DW in the blueberries in 
this experiment. Wang  et  al. (2008) observed a higher total 
anthocyanin content in organic blueberries compared to 
conventionally produced fruits.

Kähkönen  et  al. (2003) reported high concentrations of 
anthocyanins in the bilberry, approximately 600 mg/100 g FW 
(the values in the present study were 290.62 mg/100 g FW; 
however, this number only includes the concentrations of the 
anthocyanins that were identified), although with concentrations 
of delphinidin-3-glucoside, cyanidin-3-glucoside and malvidin-
3-glucoside very similar to those observed here.

Cranberry residue was studied by White et al. (2010, 2011), 
who found means between 121.4 and 362.5 mg/100 g DW and 
only identified six peaks, lower than the anthocyanin content 
in the blueberry pomace, as quantified by the sum of the six 
anthocyanins whose concentrations were determined.

Regarding the total anthocyanin content, calculated as the 
sum of the concentrations of the anthocyanins identified by 
HPLC, the blueberry pomace retained a high percentage relative 
to the whole fruit (approximately 88%). Lee & Wrolstad (2004) 
found that approximately 82% of total monomeric anthocyanins 
were contained in the peel of Highbush blueberries, as quantified 
by spectrophotometry. This result demonstrates that such 
compounds are preferably concentrated in the shell of the fruit, 
as suggested by its intense blue color in relation to the pulp.

The whole juice, in turn, had a low concentration of 
anthocyanins, with malvidin-3-glucoside as the major 
compound. According to Kalt et al. (1999), bilberry fruits, which 
are native to Europe, have anthocyanins both in the peel and 
the pulp; therefore, its juice is richer in these compounds, as 
reported by Müller et al. (2012) and Slatnar et al. (2012).

Figure 1. Chromatogram of the blueberry fruit, with the peaks numbered in order of elution.
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The flour produced by drying the pomace lost approximately 
32% of the anthocyanin contents of its raw material, while the 
dried blueberries lost 42% of the anthocyanins present in 
fresh fruit. However, White et al. (2011) found no significant 
differences (p > 0.05) in anthocyanin content after drying 
cranberry pomace at 40, 60 or 80 °C.

4 Conclusions
The organic Rabbiteye blueberries grown in the state of Rio 

Grande do Sul, Brazil, can be considered of commercial quality, 
within the parameters analyzed. The products had a lower 
moisture content than the whole berries, thus increasing its 
shelf life, without incurring significant losses in their nutritional 
properties.

This blueberry demonstrated a higher antioxidant capacity 
than other fruits and juices from different sources. The pomace 
also exhibited high antioxidant activity, while the flour and the 
dried blueberries lost 66% and 46% of the antioxidant capacity 
of their raw materials, respectively.

The anthocyanin contents in the fruit were significant, and 
similarities in the profile were found for blueberries from other 
sources. The pomace contained a large amount of anthocyanins 
because these compounds are preferably concentrated in 
the peel of the Rabbiteye blueberry. The flour lost 32% of 
the anthocyanins contained in the pomace, while the dried 
blueberries lost 42% of the anthocyanins contained in the fruit.

Despite these losses, blueberry flour, dried blueberries 
and whole blueberry juice can all be considered good sources 
of nutrients and bioactive substances. Therefore, the use of 
these agro-industrial wastes, in addition to adding value and 
minimizing the impact caused by their accumulation in the 
environment, can also be used in the development of new 
products with beneficial health properties.
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