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Chemical quality parameters and bioactive compound content of Brazilian berries
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Abstract

There is a growing consumer demand for higher healthy foods such as berries which are a rich source of phenolic compounds.
The current work evaluated blackberry cultivars: Cherokee, Tupy and Xavante; raspberry cultivars: Heritage, Fallgold and Black;
and the hybrid Boysenberry. All berries were grown under homogenous subtropical conditions in Brazil. Black raspberry,
Cherokee and Tupy blackberry cultivars showed the highest ratio between soluble solid contents and titratable acidity, and
Fallgold and Heritage raspberry showed the highest titratable acidity. Total phenolic content ranged from 2.03 to 5.33 g kg™
fresh weight and total anthocyanin content registered values from 0.41 to 1.81 g kg! fresh weight. The most common phenolic
acids were gallic, p-coumaric and ellagic, and for anthocyanins: cyanidin-3-glucoside and malvinidin-3-glucoside. Antioxidant
capacity ranged from 14.13 to 21.51 mol equivalent trolox kg™ fresh weight. Black raspberry, all blackberry cultivars and the
Boysenberry hybrid are appropriate to be consumed fresh, while Fallgold and Heritage raspberries are recommended to the
food industry. Due to their phenolic richness and antioxidant properties, these fruits are of great interest to the fresh fruit
market and to pharmaceutical industries. These results could help breeders and growers when planning the cultivar selection
according to their foreseeable destination.

Keywords: Rubus spp; Rubus idaeus; phenolics; anthocyanins; antioxidant capacity.

Practical Application: There is a demand for products to meet consumers’ need for high quality and healthy foods. The main
results of this investigation could be of assistance to growers and breeders when planning the selection of cultivars according
to their market destination. These rich in antioxidant fruits are of great interest to the fresh and processed fruit industry, as

well as to the pharmaceutical industries.

1 Introduction

Dietary phenolics have attracted consumers’ attention because
of their known antioxidant properties (Manach et al., 2004).
Blackberries are currently promoted as being a rich source of
phenolics, compounds of interest because of their antioxidant
activity as radical scavengers and possible beneficial roles in human
health, such as reducing the risk of cancer, cardiovascular disease,
and other pathologies (Holiman et al., 1996; Wada & Ou, 2002;
Mertz et al., 2007). In Brazil, due to the increased market demand
and the trend to increase and diversify berry crop areas, the
cultivation of blackberries (Rubus spp.), blueberries (Vaccinium
corymbosum), raspberries (Rubus ideaus) and strawberries
(Fragaria ananassa) has greatly increased. In addition to great
appeal and use in the Brazilian market, there is the perspective
of supplying the Northern Hemisphere in their oft-seasons
(Fachinello et al., 2011). Although the areas of cultivation are
increasing, there is limited information on the quality of blackberry
and raspberry fruit from the data collected. Information on the
quality attributes and functional properties of these small fruits
can guide farmers to choose the cultivars (cvs) that could be
planted, thereby enabling greater market visibility, thus adding
value to the product. In addition to providing information to
consumers and farmers, the characterization should also be

taken into account when new breeding programs are designed
(Mascarenhas et al., 2012), because genotype, cultivation system
or environmental conditions could affect the metabolism and
production of antioxidant compounds (Hassimotto et al., 2008;
Tarazona-Diaz et al., 2011). Due to health concerns, nowadays
consumers increasingly demand fresh and healthy fruits and
vegetables (Rodriguez-Hidalgo et al., 2010), and it is well know
that some bioactive constituents in natural plant products
have the ability to protect from degenerative illnesses and the
production of free radicals. The major phenolic compounds in
berries are hydrolysable tannins (gallic acid and ellagitannins)
and anthocyanins, hydroxycinnamic acids, flavonols, flavan-3-ols,
and lower amounts of proanthocyanidins (Siriwoharn &
Wrolstad, 2004). In particular, blackberries and raspberries
are very rich in bioactive and antioxidant compounds such as
anthocyanins, polyphenols and flavonoids (Hassimotto et al., 2008;
Szajdek & Borowska, 2008). Raspberries possess a large amount
of vitamins C, B1, B2 and B6, provitamin A, pectins, salicylic,
caffeic and ferulic acids, and mineral salts, highly beneficial for
human health. Specifically, anthocyanins are plant pigments
with antimutagenic, anti-inflammatory and anticancer effects
(Zhang et al., 2012).
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The aim of this work was to monitor the main chemical
quality parameters and bioactive compound content of selected
raspberry and blackberry cvs and the Boysenberry hybrid
(Rubus spp x Rubus idaeus), grown in subtropical Brazilian
climate. As far as we know, no previous study has been reported
for these cvs in these conditions.

2 Materials and methods
2.1 Sampling

The plants were cultivated under homogeneous conditions
in experimental plots belonging to the Farm Frutopia, Campos
do Jordao - SP, Brazil. The climate conditions were classified
as subtropical highland, with mild summers and an annual
precipitation around 1,800 mm. The plant material consisted of
4-year-old berry plants spaced 3.0 m x 0.6 m, with no additional
irrigation. Raspberry cvs: Heritage, Fallgold and Black; blackberry
cvs: Tupy, Cherokee and Xavante, and the Boysenberry hybrid
(Figure 1) were hand-harvested on January 6™ at optimum
maturity stage to be commercialized for fresh consumption.

About 1 kg of sound fruit was randomly selected from each
cultivar, free from defects, decay or mechanical damages, and
carefully packed in polypropylene trays. The berries were then
transported to the Fruit Laboratory of FCA/UNESP/Botucatu - SP,
where were kept in a cold room at 2 °C. The next morning the fresh
weight (fw), pH, titratable acidity (TA), and soluble solids content
(SSC) were monitored. For further assays about 500 g of pulp fruit
of each cv. were freeze-dried (Heto Powerdry LL 1500, USA),
packed in Falcon tubes and stored at -20 °C for 20 days. Then,
freeze-dried samples were transported to the Technical University
of Cartagena (Murcia, Spain), where the analyses of bioactive
compounds (total phenolic and anthocyanin content and individual
polyphenol and anthocyanin content) and antioxidant capacity
(AC) were performed.

HERITAGE

LB XAVANTE

Figure 1. Visual aspect of raspberry and blackberry cultivars at harvest.
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2.2 Fresh weight

Fresh weight (fw) was obtained by weighing samples in a
semi-analytical balance (Marte, Brazil), with a maximum load
0£2,000 gand 0.001 g accuracy. Three repetitions per treatment
were performed and each repetition comprised 15 fruits, with
a total weight of 100 g.

2.3 Chemical parameters

SSC, TA and pH analyses were performed according to
Artés et al. (1993). For that, a juice was prepared by squeezing
100 g of berries with a commercial blender (Moulinex, Barcelona,
Spain). SSC was monitored with a handheld refractometer (Atago
N1, Tokyo, Japan) and expressed in °Brix. The pH was determined
with a glass electrode pH-meter (Schott, Piracicaba, Brazil).
For monitoring TA, 5 g of pulp of each cultivar were dissolved
in 100 mL of distilled water, then titrated with 0.1 M NaOH to
pH 8.1 and the results were expressed as g of citric acid kg™ fw.

2.4 Total phenolic and anthocyanin contents

Total phenolic content (TPC) was determined following the
Folin-Ciocalteu method of Singleton & Rossi (1965) with slight
modifications proposed by Martinez-Hernandez et al. (2011).
10 mg of freeze-dried sample were dissolved in 3 mL of methanol,
brought to a rotary bath for 1 h at 4 °C and 200 rpm. After that,
the samples were placed in tubes and brought to centrifuge at
4 °C, 16,000 rpm for 30 min. An aliquot of supernatant was
collected (19.2 uL), which reacted with the Folin reagent 29 uL
(1:1 v/v Folin reagent: water), after 3 min 192 uL of a NaOH 0.4%
and 2% NaHCO, were added to a distilled water solution. After
1 h of reaction, samples were disposed in a plate and analyzed
in a spectrophotometer (Tecan Infinite M2000, Médnnedorf,
Switzerland) at 750 nm. TPC was expressed as g of gallic acid
equivalents per kg of fw (g GAE kg™ fw).
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Total anthocyanin content (TAC) analyses were performed
following the method proposed by Lee et al. (2002) with slight
modifications. About 30 mg of freeze-dried pulp were dissolved
in4 mL of aqueous formic acid (5%) and homogenized in a high
speed blender (Ultraturrax T-18 basic, IKA, China) and placed
in an ultrasonic bath for 10 min. The samples were centrifuged
at 14,000 rpm for 15 min at 4 °C. The supernatant was collected
and saved; then a new extraction began with the precipitate
following the same steps. Both extracts were mixed and eluted
in a Sep-Pak C-18 (Waters Associates Inc., Milford, MA, USA),
already activated with methanol, water and air. The liquid obtained
in this first filtration was discarded and anthocyanins were
recovered with methyl solution. A second filtration was carried
out with 5 mL of 0.1 M HCl in methanol, 90 pL obtained from
the second filter were collected to react with 210 pL of methanol
solution containing 1% HCI. The absorbance was measured
at 520 nm using a Multiskan plate reader spectrophotometer
(Tecan Infinite M2000, Mannedorf, Switzerland) and the results
were expressed as g of cyanidin-3-glucoside equivalents kg ! fw
(g CGE kg fw).

2.5 Antioxidant capacity

The AC was determined using a methodology adapted from
Brand-Williams et al. (1995), with slight modifications reported
by Martinez-Hernandez et al. (2011). For this purpose, 10 mg
of freeze-dried samples were dissolved in 3 mL of methanol,
placed in a cold bath at 4 °C and 200 rpm for 1 h. After that,
the samples were packed in tubes and centrifuged at 4 °C and
16,000 rpm for 1 h. 21 pL of supernatant were collected to react
with 194 pL of a 2,2-diphenyl-1-picrylhydrazyl methyl solution
for 20 min. Next, the samples were analyzed in a Multiskan
plate reader (Tecan Infinite M2000, Méannedorf, Switzerland)
at 515 nm. The AC was expressed as mol eq. trolox kg fw
(Sigma-Aldrich, Madrid, Spain).

2.6 Individual polyphenols and anthocyanin content

Individual polyphenols and anthocyanins were monitored
following the method adapted from Garcia-Viguera et al.
(19975 1998). For this purpose, 10 mg of freeze-dried sample were
dissolved in 5 mL of an aqueous solution with 5% formic acid,
and placed in an ultrasonic bath at room temperature for 10 min.
After this period, the samples were centrifuged at 16,000 rpm
for 20 min at 4 °C; supernatant was collected and stored at 5°C.
The same process was repeated with the precipitate to yield a
second extract. Both supernatants were mixed and filtered on
Sep-Pak C-18 cartridges previously activated, and the collected
content of the cartridges was taken to a rotavapor at 35 °C until
dry. The dried extracts were dissolved in a methanol solution:
formic acid 5% and then filtered. The samples were analyzed by
Ultra Performance Liquid Chromatography (UPLC, Shimadzu,
Kyoto, Japan) at 280 and 320 nm for polyphenols and 520 nm
for anthocyanins. The analyses were conducted at constant
temperature of 25 °C, using a ImL min~' flow rate and an injected
sample volume of 20 pL. Nanopure water containing 5% (v/v)
formic acid (A) and methanol (B) were used as the mobile
phases. Elution conditions were as follow: 15% B, 0-15 min;
15% B to 30% B, 15-20 min; 30% B, 20-25 min; 30% B to 95%
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B, 25-33 min; to 15% B, 33-40 min. Concentrations of targeted
compounds were determined from external calibration curve
derived from 6 data points (Sigma-Aldrich, Madrid, Spain).
Standards for quantification were provided by Polyphenols
Laboratories A.S. (Sandnes, Norway) while individual phenolics
by Sigma-Aldrich (Madrid, Spain). TAC was calculated by
addition of the amounts of the anthocyanins detected in each
chromatogram (Garcia-Viguera et al., 1998).

2.7 Experimental design and statistical analysis

The completely randomized experimental design consisted
of 7 treatments (cvs), with 3 replicates. Each replicate consisted
of 3 samples of approximately 100 g. Each analysis was made
in triplicate. Statistical analysis was performed with SAS
(SAS Institute Inc., Cary, NC) and an analysis of variance was
used to determine significant differences (p < 0.05; Tukey’s test)
in quality parameters. The correlation between AC and TPC
was determined by the Pearson’s correlation test. Results for
individual polyphenols and anthocyanins were expressed as
mean =+ standard deviation.

3 Results and discussion
3.1 Fresh weight

Heritage and Fallgold raspberries showed the lowest fresh
weight average (2.63 and 2.86 g, respectively), while Tupy blackberry
cv. reached the highest with 6.56 g. The Boysenberry hybrid
showed an intermediate value 0f 4.43 g (Table 1). Besides flavor,
size is an important attribute of quality in breeding programs
(Raseira & Franzon, 2012). It is highly related to weight. These
results agree with those reported by Moura et al. (2012), who
found that Black Raspberry and Heritage cvs had low fresh
weight average (2.1 and 2.6 g, respectively), and Boysenberry
hybrid grown in Minas Gerais (Brazil) registered 5.3 g. It seems
most likely that these slight differences are due to the different
cultivation techniques, and/or soil and weather conditions,
which may slightly change the quality parameters.

3.2 Chemical parameters

Black Raspberry showed the highest pH value (3.25).
No difference in pH was found among the other cvs which were
in the range from 2.84 to 2.90 (Table 1). Heritage and Fallgold
raspberry cvs showed the highest TA levels with 13.6and 12.7 g
citric acid kg™ fw, respectively. Results in Heritage cv. contrast
with the lower value (7.2 g citric acid kg™ fw) previously found
by Garcia-Viguera et al. (1998) in this cv growing under the
dryer and colder Mediterranean climate of Southeastern Spain
(Nerpio, Albacete). This difference could be influenced by the
cultivation system and growing conditions. The cvs Fallgold and
Heritage showed the lowest SSC values with 7.26 and 7.56 °Brix,
respectively. Xavante blackberry and Black raspberry registered
the highest SSC values, with 9.93 and 9.83 °Brix, respectively
(Table 1).

Regarding the SSC/TA ratio, blackberry cvs and Black
raspberry registered the highest values, reaching an average
of 10.81. According to these data, these cultivars should be
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preferably destined to direct fresh consumption because this
ratio is very appreciated by the consumers. In fact, it is generally
recognized that fruits with balanced flavor (sweet/acidity) should
be intended to the fresh market (Raseira & Franzon, 2012).
These results evidenced the influence of genotypes and growing
conditions on the chemical characteristics and are in agreement
with Hassimotto et al. (2008) who found SSC values of different
blackberries cvs which ranged between 6.10 and 9.32 °Brix, TA
between 12.6 and 15.4 g acid citric kg™ fw and SSC/TA ratio
between 4.01 and 7.39. In two species of blackberry (Rubus
glaucus and Rubus adenotrichus), the SSC were 10 and 12 °Brix
respectively, pH 2.55 and 2.67, and TA 25.5 and 26.7 g citric acid
kg™ fw (Mertz et al. 2007). Similarly, SSC values ranged from
8.3 to 12.8 °Brix in raspberries (Kriiger et al., 2011).

3.3 Total phenolic and anthocyanin content

A large difference in the TPC and TAC of the analyzed
raspberry cvs was found. Fallgold showed the lowest TPC
(2.03 g GAE kg fw) and the lowest TAC (0.04 g CGE kg™' fw),
whereas Black Raspberry showed the highest level, respectively
5.33 g GAE kg™' fw and 1.83 g CGE kg™ fw (Table 2).

These results agree with those of Reyes-Carmona et al.
(2005) who assessed different blackberry cvs in Mexico,
reporting that cultivation sites and genotypic differences
provided significant differences in the TPC and TAC among
cvs. In raspberries, Mazur et al. (2014) also highlighted this
fact, finding an important genotype influence on bioactive
compounds. In Choctaw and Kiowa blackberries cvs, 4.17
and 5.22 g GAE kg! fw respectively, and a TAC between 1.11
and 1.23 g CGE kg! fw (Sellappan et al., 2002). We also found
similarities with Hassimotto et al. (2008), who reported ranges
of 3.41 to 4.99 g GAE kg fw in the TPC of blackberries and
TAC ranges of 1.16 to 1.94 g CGE kg™ fw. However, the current
results contrast with those of Souza et al. (2014), which reported
higher TPC in different blackberries cvs with values of around
8.50 g GAE kg' fw, red raspberries 3.57 g GAE kg™ fw or
blueberries over 3.00 g GAE kg™ fw. Lower quantities were
detected in other studies. Respectively, Fallgold and Heritage
cvs showed 1.48 and 1.90 g GAE kg fw (Pantelidis et al., 2007).
This difference could be explained because these parameters can
change according to cv., cultivation techniques, type of soil and/
or climate conditions. As an example, Castellarin et al. (2007)
reported that TAC in grape berries is increased with water stress.
This deficit promoted the expression of the genes responsible
for the biosynthesis of anthocyanins.

Table 1. Weight and chemical parameters [pH, titratable acidity (TA), soluble solid content (SSC) and maturity index (SSC/TA ratio)] of raspberries,

blackberries cultivars and hybrid analyzed.

Cultivars Weight (g) pH (g citric at?d kg fw) SSC (°Brix) SSC/TA Ratio

Raspberries

Heritage 2.63d 2.87b 13.6a 7.26 ¢ 533¢

Fallgold 2.86d 2.86b 12.7b 7.56 ¢ 595¢

Black 3.04 cd 325a 8.3d 9.83a 11.84a
Blackberries

Tupy 6.56 a 2.84b 8.6d 9.36 ab 10.88 ab

Cherokee 4.10 bc 2.94b 7.9 ¢ 8.80b 11.14 a

Xavante 4.96 b 2.85b 10.1b 993 a 9.83 ab
Hybrid

Boysenberry 443 ¢ 2.90b 9.5d 8.66b 9.12b

Average 4.08 2.93 10.1 8.74 9.08
C.V. (%) 10.56 1.98 4.57 2.93 6.78

Means in a column followed by a different letter differ significantly by Tukey’s test (p < 0.05). Coefficient of variation (C.V.) expressed as %.

Table 2. Total phenolic content (TPC), total anthocyanin content (TAC) and antioxidant capacity (AC) of raspberries, blackberries and the

hybrid studied.
TPC (g GAE kg™ fw) TAC (g CGE kg™! fw) AC (mol eq. trolox kg™! fw)
Raspberries
Heritage 358 ¢ 0.53 e 14.70 ¢
Fallgold 2.03d 0.04 f 14.13 ¢
Black Raspberry 533a 1.81a 2151a
Blackberries
Tupy 3.72cd 0.63 de 1537 ¢
Cherokee 4.19 be 0.80 cd 19.75a
Xavante 444 b 1.04 be 21.26a
Hybrid
Boysenberry 4.18 be 1.07b 17.79b
Average 3.92 0.84 17.78
C.V. (%) 5.58 9.95 3.70

Means in a column followed by a different letter differ significantly by Tukey’s test (p < 0.05). Coefficient of variation (C.V.) expressed as %.
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3.4 Antioxidant capacity

The AC values ranged from 14.13 to 21.51 mol eq. trolox kg™
(Table 2), confirming the richness of antioxidant compounds
in these berries. For example, Kuskoski et al. (2006) reported
that strawberry pulp showed an AC of 9.2 mol eq. trolox kg!,
pineapple pulp 0.5 mol eq. trolox kg™, grape pulp 7.0 mol eq.
trolox kg™! and mango pulp 12.1 mol eq. trolox kg™. Black
Raspberry, Xavante and Cherokee cvs showed the highest AC,
with 21.51, 21.26 and 19.75 mol eq. trolox kg™, respectively
(Table 2). Among the raspberries, Fallgold (yellow pulp) showed
the lowest AC, with 14.13 mol eq. trolox g™'. This cultivar showed
vestiges of anthocyanins, the low anthocyanins content could
be related with its low AC; since anthocyanins are phenolic
compounds they have antioxidant properties. In the current
study, the correlation coefficient between TPC and AC was
1’ = 0.79 showing that the AC is well related with TPC (Figure 2).

These results are in agreement with those of Cho et al.
(2005), who found a correlation coeflicient of r> = 0.72, when
using the oxygen radical-absorbing capacity (ORAC) method,
and r? = 0.88 when using the photochemiluminescence assay
method. These authors reported that several types of phenolics in
the fresh extracts varied in their ability to scavenge peroxyl and
superoxide anion radicals. However, Sellappan et al. (2002) found
higher correlation coeflicient in blueberries and blackberries cvs
(r*=0.98), using the ABTS assay. As observed, the method used
to determine AC could influence the correlation.

3.5 Individual polyphenol and anthocyanin content

Ellagic acid was found in all studied cvs, but at low levels
(2.67 to 18.03 mg kg™' fw) while p-coumaric acid was detected
at high levels (670.26 to 710.35 mg kg™'), although this acid was
not present in Tupy and Xavante cvs (Table 3). In Kiowa and
Choctaw blackberry cvs, Sellappan et al. (2002) reported high
values of ellagic acid (300.1 and 338.1 mg kg™ fw, respectively)
and low values of p-coumaric acid (4.0 and 20.8 mg kg™ fw).
In yellow and red raspberry cvs the presence of ellagic acid

TPC (g gallic acid kg-'fw)

r?=0.79**

AC (mol eq Trolox kg'fw)

Figure 2. Correlation between total phenolic content (TPC) and
antioxidant capacity (AC) in raspberry and blackberry cultivars.
(**Significative Pearson’s Correlation, p < 0.05).

Table 3. Individual polyphenol and anthocyanin content in raspberries, blackberries and the hybrid analyzed.

Individual polyphenol content (mg kg™ fw)

Cultivars Gallic acid Ferulic acid Caffeic acid Ellagic acid p-Coumaric acid

Raspberries

Heritage 25.78 £0.12 nd 1623 +0.03 2.67 £0.02 710.03 £0.33

Fallgold 145.82 £ 0.05 nd nd 13.90 £ 0.10 678.26 +0.26

Black Raspberry 92.08 + 0.04 nd nd 18.03 +0.03 670.26 = 0.18
Blackberries

Tupy nd nd nd 10.79 £ 0.01 nd

Cherokee 115.90 £ 0.04 nd nd 15.69 £ 0.02 671.55+0.15

Xavante nd nd nd 14.60 +0.28 nd
Hybrid

Boysenberry nd nd nd 11.66 + 0.08 nd

Individual anthocyanin content (mg kg™ fw)
Cultivars Dp-3-glc Cy-3-gal Cy-3-glu Mv-3-gluc Pt-3-gluc Pg-3-gluc

Raspberries

Heritage 49.26 £ 0.04 nd 74.49 +0.08 56.45 +1.02 1.07 £ 0.04 nd

Fallgold nd nd nd nd nd nd

Black Raspberry nd nd 60.44 + 0.06 9.53 +0.04 nd nd
Blackberries

Tupy nd nd 48.08 +0.03 9.53+0.21 nd nd

Cherokee nd nd 149.07 £ 0.05 25.72 +£0.03 nd nd

Xavante nd nd 81.71 £ 0.05 7.17 £0.07 nd nd
Hybrid

Boysenberry 41.86 +0.05 nd 30.40 + 0.03 2.96 +0.02 nd nd

Dp-3-glc = delphinidin-3-glucoside, Cy-3-gal = Cyanidin-3-galactoside, Cy-3-glu = Cyanidin-3-glucoside, Mv-3-gluc = Malvinidin-3-glucoside, Pt-3-gluc = Petunidin-3-glucoside,

Pg-3-gluc = Pelargonidin-3-glucoside. nd=not detected.
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and derivatives values ranged from 970 to 1560 mg kg™ fw
(Wang et al., 2008). The discrepancy among these studies can be
explained by the different cvs and growing conditions evaluated.
Ferulic acid was not detected in any cv studied. Gallic acid was
not detected in Tupy, Xavante and Boysenberry cvs and caffeic
acid (1,623.98 mg kg™') shown only in Heritage cv. (Table 3).
The same phenolic acids were identified by Sellappan et al.
(2002) in Kiowa and Choctaw cvs with levels of gallic acid
between 41.20 and 64.20 mg kg fw, ferulic acid between
29.90 and 35.10 mg kg™ fw and caffeic acid between 13.80
and 36.40 mg kg™ fw, respectively. Regarding the individual
anthocyanins, the most abundant were cyanidin-3-glucoside
and malvidin-3-glucoside (Table 3). This agrees with Wang et al.
(2008), who reported that cyanidin-3-glucoside is the prevalent
anthocyanin and responsible for the AC in blackberries. Similarly,
six blackberry genotypes analyzed by Cho et al. (2005) showed that
distribution of cyanidin aglycones in each cultivar ranged from
75 to 84% for cyanidin 3-glucoside, from 1 to 12% for cyanidin
3-rutinoside, from 4 to 8% for cyanidin 3-dioxaloyglucoside,
from 3 to 8% for cyanidin 3-dioxaloylglucoside, and from
2to 3% for cyanidin 3-(malonyl) glucoside. Other anthocyanins
were identified as delfinidin-3-glucoside (between 41.86 and
49.26 mg kg™ fw), malvinidin-3-glucoside (2.96 to 56.45 mg kg™" fw).
Petunidin-3-glucoside (1.07 mg kg™ fw) was detected only in
Heritage raspberry cv. In Fallgold cv. individual anthocyanins
were not detected, which may be due to be the yellow color of
the flesh of this cultivar (Table 3).

In the current work, the main anthocyanin found in the
genotypes was cyaniding-3-glucoside (Table 3). These finding
show that this anthocyanin is the most prevalent in blackberries
and raspberries. Similarly, in two species of blackberry (Rubus
glaucus and Rubus adenotrichus), Cho et al. (2005), verified
the prevalence of cyanidin-3-glucoside that was found in
680 and 380 mg kg! fw, respectively, while cyanidin-3-rutinoside
(630 mg kg™ fw) was found only in Rubus glaucus.

4 Conclusions

According to chemical quality parameters, Black raspberry,
Cherokee, Tupy and Xavante cvs and the Boysenberry hybrid
should be preferably intended for fresh consumption because
of their high SSC/TA ratio. However Fallgold and Heritage
raspberry cvs should be preferably destined to the frozen fruit
and jam industries.

The concentration of individual polyphenols varied among cvs
and the most common polyphenols were gallic, p-coumaric and
ellagic acids, while cyanidin-3-glucoside and malvinidin-3-glucoside
were the most common anthocyanins. The AC was generally
highly related with the TPC in the analyzed cvs. The highest
TPC and TAC values were found for Black raspberry and their
AC reached a high level. Fallgold reached the lowest TPC and
TAC values and their AC was among the lowest levels. Cherokee,
Tupy and Xavante raspberry cvs, and the Boysenberry hybrid
reached intermediate values. These results may be of help when
planning assays for breeding and selecting cultivars with high
antioxidant properties, which could be of great interest to the
fresh and processed food and pharmaceutical industries.
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