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Abstract

Blackberry bushes have increasingly drawn producers’ and consumers’ interest since they find their 
cultivation characteristics, production and nutraceutical qualities advantageous. Both chemical and mineral 
characteristics, bioactive compounds and antioxidant activity found in blackberries are extremely relevant 
factors to be considered when cultivars are chosen. Chemical analyses of the nutritional composition of fruit is 
important, since they can help studies of quality genotypes. Besides, fruit with high nutritional values contribute 
to human health when they are often consumed.  This study aimed at evaluating chemical and mineral 
characteristics, besides bioactive compounds and antioxidant activity, of different blackberry bush genotypes 
grown in an organic farming system in Pelotas, Rio Grande do Sul (RS), Brazil. Production, soluble solid content, 
hydrogenionic potential, total titratable acidity, SS/TA ratio, minerals, phenolic compounds, anthocyanins and 
antioxidant activity of six blackberry bush genotypes – ‘Tupy’, ‘BRS Xingu’, Selection Black 178, Selection Black 
128, Selection Black 112 and Selection Black 145 – were evaluated. It was a randomized block design with three 
replicates of every plant. Selection Black 178 yielded fruits with the highest value of SS/TA ratio and had the 
highest accumulated production. The highest anthocyanin content was found in ‘BRS Xingu’. Selection Black 
112 had the highest total contents of phenolic compounds and the highest antioxidant activity, whereas ‘Tupy’ 
exhibited their lowest values. Selection Black 178 adapted well to the organic farming system, a fact that did 
not happen to Selection Black 128.
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Introduction
Blackberry bushes, which belong to the family 

Rosaceae, yield aggregate fruits, which taste sweet-
acid, predominantly acid. Fruits may be consumed 
either fresh or industrialized, in yogurts, juices and jams. 
Blackberries belong to the group of small fruits, along with 
strawberries, blueberries, raspberry and others. Production 
of fresh fruit in Brazil was estimated to be 43.5 million ton in 
2017. However, production is expected to increase in the 
coming years to over 45 million ton in the country (Hirsch 
et al., 2012; Brugnara, 2016; Kist, 2018; Fagherazzi et al., 
2017). 

Blackberry bush cultivation has increasingly 
drawn producers’ interest due to characteristics related 
to production, rusticity, management and production 
diversification, as well as consumers’ attention, since they 
search for healthy food and increase in fruit consumption 
as food complement. In addition, blackberries have high 

nutritional content due to their components, such as 
minerals, vitamins and bioactive compounds (Jacques 
& Zambiazi, 2011; Antunes et al., 2014). Therefore, their 
regular consumption may result in health benefits and 
may be correlated to decrease in risks posed by non-
communicable chronic diseases (Jacques & Zambiazi, 
2011; Vizzotto, 2012).

Blackberries are highly valued not only because 
of their nutritional properties, but also because of their 
qualities, such as their taste (Brugnara, 2016). According 
to Raseira & Franzon (2012), in general, most cultivars do 
not yield fruits that are sweet enough for the Brazilian 
market. 

Genetic improvement of blackberry bushes 
started in the 1970’s with a small collection of cultivars 
which included ‘Brazos’, ‘Cherokee’, ‘Comanche’ and a 
Uruguayan clone (with no name). Afterwards, some seeds 
resulting from crossings that took place at the University 
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of Arkansas, located in the United States, were brought 
to Brazil. The Embrapa Clima Temperado has been very 
important in this process, mainly in the adaptation and 
development of new cultivars of blackberry bushes which 
are grown in several Brazilian areas, especially in the 
south and in the southeast (Hirsch et al., 2012; Antunes et 
al., 2014).

Qualitative characterization of fruits regarding 
their physico-chemical features is extremely important, 
since they are highly related to consumers’ acceptance. 
Commercialization forms of fruits (either fresh or 
processed) may be used as indicators of ripening stages, 
for instance (Vizzotto et al., 2012; Cruz et al., 2017).

Studies of selections and new cultivars grown 
in organic farming systems aim at broadening and 
guiding their cultivation so as to enable information to 
be collected and used for supporting improvement 
programs. The objective is not only the productivity of 
new cultivars, but also data on characteristics related to 
fruit quality, nutritional composition and the content of 
bioactive compounds. Besides, new genotypes which 
have high potential to be cultivated in agroecological 
farming systems can be found. As a result, researches 
of blackberry bush genotypes may help to show which 
cultivars have the best quality concerning production 
and desirable characteristics. 

This study aimed at evaluating chemical and 
mineral characteristics, besides bioactive compounds 
and antioxidant activity, of blackberry bush genotypes 
grown in an organic farming system in Pelotas, Rio Grande 
do Sul (RS), Brazil.

Material and Methods
The experiment was carried out in the 

experimental field that belongs to the Embrapa Clima 
Temperado – latitude 31°37’9” S, longitude 52°31’33” 
W and altitude of 170 m – located in Pelotas, RS, Brazil. 
In the Köeppen climate classification, this region has a 
humid subtropical climate – Cfa. Its soil was classified 
into Argissoil, whose characteristic is an argillic (textural) 
B horizon with either low activity or high activity together 
with low base saturation. 

Evaluations were carried out throughout three 
productive cycles (2015-16; 2016-17; and 2017-18) of six 
blackberry bush genotypes: ‘Tupy’, ‘BRS Xingu’, Selection 
Black 178, Selection Black 128, Selection Black 112 and 
Selection Black 145. This material, which belongs to the 
improvement program developed by the Embrapa 
Clima Temperado, was implemented in 2014. Spacing 
was 3.0 m among rows and 0.50 m among plants, which 
were managed in an organic farming system, with 

neither irrigation nor a support system. Harvest started 
in November in the first two crops while the one in the 
third crop began a month earlier. In the three years under 
evaluation, the harvest period extended until January in 
the first two crops and until February in the third one. 

Harvested fruit were shiny black, in the complete 
ripening stage (Antunes et al., 2010; Brugnara, 2016).

Production was evaluated by weighing all fruits 
yielded by useful plants. Mean plant weight was multiplied 
by plant density (6,666 plants). Accumulated production 
was the sum of the production of individual crops. 

In this period, representative samples of every 
treatment, i. e., about 700 grams of every genotype with 
approximately 100 fruits, were separated. In order to carry 
out fruit characterization, parcels were harvested and 
stored separately in plastic containers which were taken 
to the Laboratory of Food Science and Technology at 
the Embrapa Clima Temperado, so as to be submitted to 
analyses of physico-chemical and mineral characteristics, 
bioactive compounds and antioxidant activity. Samples 
of 100 fruits per treatment were submitted to analyses 
of soluble solids, total soluble solids (TSS), hydrogenionic 
potential (pH), total titratable acidity (TTA) and SS/TA 
ratio. In order to carry out these analyses, fruit juice was 
extracted by a domestic centrifuge.

Soluble solid content was collected by a digital 
refractometer. A drop of fruit juice was placed on the 
prism surface of the equipment to determine the amount 
of soluble solid content in every genotype, expressed as 
degrees oBrix. 

A benchtop pHmeter was used for measuring the 
hydrogenionic potential.

Total titratable acidity was measured by a digital 
burette, in agreement with the methodology based and 
adapted by Zenebon et al. (2008). Sodium hydroxide 
(NaOH) 0.1N was slowly added to a beaker with 5 ml 
blackberry juice and 90 ml distilled water to carry out 
titration up to pH 8.1 (potentiometric titration). Results 
were expressed as percentages of citric acid.

The SS/TA ratio is the relation between TSS and 
TTA which can be used for evaluating balance between 
acidity and sweetness. 

The method used for determining phenolic 
compounds was adapted from Swain & Hillis (1959). 
Regarding anthocyanins, the method adapted from 
Fuleki & Francis (1968) was applied.

In order to determine the antioxidant activity of 
fruits yielded by blackberry bushes, the method adapted 
from Brand-Williams et al. (1995) was used. 

For the determination of minerals (Ca, Mg, K, 
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P, Cu, Fe, Mn and Zn), fruit samples were lyophilized by 
model L101 (Liobras) and crushed by mills (Willey). Then, 
digestion and quantification of minerals was carried out 
by atomic absorption spectrometry (model AA 240 FS - 
Varian).

It was a randomized block design with three 
replicates; every parcel comprised eight plants. Samples 
of harvested fruits were processed homogeneously in 
every treatment. Replicates of readings of analyzed post-
harvest parameters were made.  Data were submitted 
to the analysis of variance and then compared by the 
Tukey’s test, at 5% significance, by the Sisvar® statistical 
program.

Results and Discussion
Throughout the evaluation of the three crops, 

Table 1. Accumulated production, expressed as kg. ha-1, of six genotypes of blackberry bushes grown in an organic 
farming system in Pelotas, Rio Grande do Sul (RS), Brazil in three crops. Pelotas, RS, Brazil, 2017.

Genotype 2015/2016 2016/2017 2017/2018 Accumulated yield
Black 178 7844,45 10582,56 13684,00 32111,01
Black 112 2673,34 3114,83 13892,00 19680,17
Black 145 5400,00 5633,9 14806,01 25839,91
Black 128 2431,11 7238,92 6766,67 16436,70

‘Xingu’ 4177,78 5136,44 13741,34 23055,56
‘Tupy’ 1768,90 4433,16 10405,34 16607,40

accumulated production of all genotypes under study 
was registered (Table 1). Selection Black 178 exhibited the 
highest accumulated production, i.e., 32111.0 kg. ha-¹, 
and showed that this blackberry bush genotype adapted 
well to the edafoclimatic conditions in the region. 
Selection Black 128 had the lowest production: 16436.7 kg. 
ha-1. However, this comparison is related to the selections 
and cultivars under study in experimental conditions. 
Interaction between the genotype and the environment 
is very important to the productive behavior of blackberry 
bush genotypes (Suzuki, 2013). Weather conditions may 
vary from year to year and every genotype may respond 
differently to fruit production and quality.

No relationship was observed between 
production and variables TSS, pH, titratable acidity and 
SS/TA ratio. 

In the first crop, soluble solid contents of genotypes 
under study did not show any significant difference (Table 
2). However, there were differences among genotypes 
in the other crops. TSS content is variable, depending on 
the characteristics of the genotype, besides cultivation 
conditions and the weather, which varies from crop to 
crop (Hirsch et al., 2012; Tullio & Ayub, 2013). In general, 
crops of the genotypes under study showed high TSS 
values (the mean was 9.2 °Brix). Selection Black 112 and 
Selection Black 128 were the genotypes that had the 
lowest TSS means in the period under evaluation: 7.5 and 
7.4, respectively.  TSS content of Selection Black 145 was 
9.0 °Brix, followed by ‘Tupy’ (8.3 °Brix) and ‘BRS Xingu’ (8.23 
°Brix). Means of genotypes under study show variation 
between selections and cultivars of blackberry bushes, i. 
e., from 9.2 to 7.4 °Brix.

TSS can be used as an indicator of the sugar 
content found in fruit. This variable can also assist in the 
sensory analysis, indicating fruit that would be better for 
the fresh marker or the industry. Generally, cultivars with 
high TSS values are well accepted by consumers for fresh 
consumption. Variation observed between genotypes 
can be attributed to some factors, such as characteristics 
of the cultivar, influence of the place of cultivation and 
temperature (Ali et al., 2011; Hirsch et al., 2012; Guedes et 
al., 2013; Gabriel et al., 2019). 

Values of pH ranged from 2.03 to 3.28. Both 
Selection Black 178 (3.21) and Selection Black 128 (3.19) 
were the genotypes that exhibited the highest mean in this 
variable. Silva et al. (2014) also observed a little variation 
which ranged from 2.89 to 2.99 in samples of blackberry 
pulp, while Hirsch et al. (2012) found pH values that varied 
between 2.78 and 3.08. In experimental conditions, the 
cultivar ‘Tupy’ showed pH 2.65, one of the lowest values 
among the genotypes under study, along with the one 
of Selection Black 112 (2.72). According to Hirsch et al. 
(2012), blackberries have flavor that varies from acid to 
sweet-acid. The pH and other characteristics found in fruit 
can be used as indicators to define the best genotypes 
for the fresh market or industry. 

Regarding total titratable acidity, Selection Black 
145 had the highest mean value with 1.55% citric acid, 
followed by Selection Black 112 with 1.09% citric acid.  
The lowest values were exhibited by the cultivar ‘Tupy’ 
and Selection Black 128, i. e., 0.84 and 0.85 % citric acid, 
respectively. According to Hirsch et al. (2012), organic 
acids, such as citric acid, affect mainly sensory properties 
and, consequently, fruit taste and smell. Cruz et al. (2017) 
observed that the cultivar ‘Brazos’ exhibited 1.03% citric 
acid. Variation in these values enables cultivars to be 
differentiated in terms of fruit taste. 
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Table 2. Evaluation of pH, TSS, TA and SS/TA ratio of genotypes of blackberry bushes in three crops (2015, 2016 
and 2017). Pelotas, RS, Brazil, 2017.

Genotype Total soluble solids 
(°Brix) pH Total titratable acidity

(% citric acid) Ratio SS/TA

2015-2016
Black 178 6.90 ns 3.23 ab 1.10 bc 6.26 bc
Black 112 5.70 2.03 b 0.95 c 3.60 d
Black 145 8.00 3.14 ab 1.74 a 3.51 d
Black 128 6.13 3.28 a 0.80 cd 8.38 a 

‘Xingu’ 5.12 3.10 ab 1.16 bc 6.90 b
‘Tupy’ 6.70 2.09 ab 0.69 d 5.47 c

2016-2017
Black 178 9.20 b 3.21 ab 0.97 c 9.46 b
Black 112 8.16 b 3.19 b 1.16 b 8.14 c
Black 145 9.93 a 2.95 c 1.48 a 4.73 d
Black 128 7.00 c 3.15 b 0.85 cd 10.68 a

‘Xingu’ 9.46 a 3.28 a 0.88 b 8.56 c
‘Tupy’ 9.40 a 2.95 c 0.79 d 10.35 a

2017-2018
Black 178 11.40 a 3.18 a 0.77 e 14.75 a 
Black 112 8.60 e 2.93 c 1.16 b 7.43 d
Black 145 9.10 c 3.05 b 1.42 a 6.43 e
Black 128 8.90 cd 3.13 a 0.90 d 9.90 b

‘Xingu’ 10.10 b 2.95 c 1.12 b 9.05 bc
‘Tupy’ 8.80 de 2.92 c 1.03 c 8.57 c

* Means followed by the same letter in the column do not different statistically. The Tukey test was applied at 5% probability. Ns – no significant differences.

Values of SS/TA ratio were significantly different 
among blackberry bush genotypes since they ranged 
from 3.51 to 14.75. This relation shows the balance 
between fruit acidity and sweetness. Selection Black 
178 had the highest mean value (10.16) in all three 
crops, while Selection Black 145 showed a low relation 
(4.89), followed by the cultivar ‘BRS Xingu’ (4.09). Low 
relations indicate unbalance between fruit sweetness 
and acidity, with predominant acidity. In experimental 
conditions, the relation exhibited by cultivar ‘Tupy’ was 
8.13. This result does not corroborate the one found by 
Brugnara (2016) in the same cultivar, whose ratio value 
was 7.09, in Chapecó, Santa Catarina state. According 
to Souza (2013), this variable is an important parameter to 
measure consumers’ perception of taste. Brugnara (2016) 
states that the higher this relation is, the better the taste. 
Thus, values observed in the crops under evaluation show 
variation among genotypes and enable to distinguish the 
ones that have better balance between fruit sweetness 
and acidity.

According to Kader (1999), the ratio between 
SS/TA directly influences the acceptance of fresh fruit by 
consumers.

Fruits may be considered one of the main sources 
of elements that play an important and essential role 
in development and health, since their minerals are 
fundamental to human beings (Souza et al., 2015). 

Results of mineral contents found in fruits are 
shown in Table 3. They varied among genotypes in the 

crops under evaluation. Concerning calcium (Ca) 
content, the cultivar ‘Tupy’ yielded the highest mean 
of all, i. e., 1.27 g kg-1, followed by Selection Black 112, 
which exhibited 1.20 g kg-1. The lowest Ca content, which 
was 0.70 g kg-1, was found in fruits yielded by Selection 
Black 178. Mean Ca values of other genotypes were 1.08 
g kg-1 (Selection Black 145), 1.06 g kg-1 (‘BRS Xingu’) and 
1.00 g kg-1 (Selection Black 128). Souza et al. (2015) found 
mean Ca values of 1.95 g kg-1 in blackberries yielded by 
the cultivar ‘Tupy’, while Guedes et al. (2013) found 1.16 
g kg-1 in fruits yielded by this cultivar. However, cultivars 
Xavante, Cherokee and Arapaho exhibited higher values, 
i. e., 2.33 g kg-1, 2.21 g kg-1 and 2.02 g kg-1, respectively.

Calcium is a mineral that is directly related to 
fruit firmness and storage time. When very low calcium 
levels occur, they can cause shorter shelf life. Associated 
with increased respiratory metabolism, they result in the 
acceleration of fruit maturation and senescence process 
(Marschner, 1995; Aular & Natale, 2013).

According to Nour et al. (2011), the mineral 
content found in fruit depends on some factors, such as 
soil, type of fertilization, climatic conditions and cultivar

Magnesium (Mg) contents in fruits varied among 
genotypes under study. Selection Black 145 stood out 
due to its mean value of 2.75 g kg-1, while the cultivar ‘BRS 
Xingu’ exhibited the lowest Mg content, i.e., 2.21 g kg-1. 

Regarding potassium (K) contents, Selection 
Black 178 had the highest mean value (15.75 g kg-1) 
among the genotypes under study, followed by Selection 
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Black 145 (15.67 g kg-1) and ‘BRS Xingu’ (15. 45 g kg-1). 
The cultivar ‘Tupy’ exhibited mean K content of 14.29 
g kg-1, which was close to 14.52 g kg-1, the value shown 
by Selection Black 128. The lowest K content found in 
fruits yielded by cultivars and selections under study was 
exhibited by Selection Black 112 (13.62 g kg-1). Guedes et 

al. (2013) carried out an experiment with different cultivars 
and found K values ranging between 9.55 and 18.55 g 
kg-1 when they studied cultivars Ébano and Choctaw. 
Potassium content also may affect fruit firmness, soluble 
solids and fruit acidity (Kader, 2008; Guedes et al., 2013).

Table 3. Mineral contents of six genotypes of blackberry bushes grown in an organic farming system in Pelotas, Rio 
Grande do Sul (RS), Brazil, in crops 2016-2017 and 2017-2018. Pelotas, RS, Brazil, 2017.
Genotypes Ca g kg-1 Mg g kg-1 K g kg-1 P g kg-1 Cu mg kg-1 Fe mg kg-1 Mn mg kg-1 Zn mg kg-1

2016-2017
Black 178 1.11 c 2.63 b    13.96 ab 4.07 b 8.04 b 52.86 a 29.90 d 18.86 b
Black 145 1.62 ab 3.42 a 15.12 a 3.50 bc 9.65 a 47.72 b 36.90 b 23.26 a
Black 112 1.57 ab 2.53 b 12.40 b 5.32 a 7.24 bc 43.77 c 33.40 c 19.23 b
Black 128 1.46 bc 2.62 b 12.62 b 4.25 ab 6.62 c 45.83 bc 41.53 a 18.68 b

‘Xingu' 1.79 ab 2.48 b  13.65 ab 4.31 ab 7.78 b 46.40 b 42.72 a 19.72 b
‘Tupy' 1.91 a 2.62 b 13.16 b 3.02 c 10.42 a 48.05 b 34.01 c 19.87 b

2017-2018
Black 178 0.28 d 1.97 bc 17.53 a 8.88 a 2.25 b 45.97 ns 26.64 e 22.15 ns
Black 145 0.54 bc 2.08 a 16.22 bc 6.33 c 2.08 b 43.46 29.64 d 21.86
Black 112 0.82 a 2.07 ab 14.84 d 5.17 d 2.20 b 47.03 41.88 a 23.65
Black 128 0.53 c 2.01 abc 16.42 abc 6.90 b 1.65 c 42.84 35.76 b 23.26

‘Xingu' 0.33 d 1.93 c 17.25 ab 7.17 b 2.41 ab 43.30 32.90 bc 22.44 
‘Tupy' 0.63 b 1.97 c 15.42 cd 8.37 a 2.93 a 44.14 32.13 cd 22.25

*Means followed by the same letter in a column do not differ statistically. The Tukey’s test was applied at 5% probability. Ns – no significant differences.

Phosphorus (P) contents found in the composition 
of fruits yielded by blackberry bushes ranged from 3.02 
to 8.88 g kg-1. Selection Black 178 had the highest mean 
P content, i. e., 6.48 g kg-1, while Selection Black 145 
exhibited the lowest one: 4.92 g kg-1. Souza et al. (2015) 
found P content of 1.47 g kg-1 in fruits yielded by ‘Tupy’ 
blackberry bushes in São Paulo state. Their result does 
not corroborate data found by the study reported by this 
paper, since the mean P value was 5.70 g kg-1. 

There was variation among genotypes regarding 
Copper (Cu) contents. Fruits yielded by the cultivar ‘Tupy’ 
had the highest mean Cu value, which was 6.68 mg kg-1, 
followed by Selection Black 145 (5.87 mg kg-1). The lowest 
Cu content was exhibited by Selection Black 128 (4.14 mg 
kg-1). Tosun et al. (2008) found mean Cu content of 10.66 
mg kg-1 in wild blackberries in Turkey.

Selection Black 178 had the highest mean iron 
(Fe) content: 49.42 mg kg-1.  Fe contents varied among 
genotypes; the lowest mean value was 44.34 mg kg-1, 
which was found in fruits yielded by Selection Black 128. 
The other genotypes exhibited the following Fe contents: 
46.10 mg kg-1 (‘Tupy’), 45.59 mg kg-1 (Selection Black 145), 
45.40 mg kg-1 (Selection Black 112) and 44.85 mg kg-1 
(‘BRS Xingu’). Fe content found by Tosun et al. (2008) in 
wild blackberries was 70.12 mg kg-1. 

Manganese (Mn) contents found in fruits also 
varied among genotypes. Selection Black 128 exhibited 
the highest mean Mn content, which was 38.65 mg kg-1, 
while fruits yielded by Selection Black 178 had the lowest 

Mn content (28.27 mg kg-1). Selection Black 145 and the 
cultivar ‘Tupy’ had similar Mn values, i.e., 33.27 mg kg-1 
and 33.07 mg kg-1, respectively. Since Selection Black 112 
exhibited 37.64 mg kg-1, the difference between its mean 
value and the one found in the cultivar ‘BRS Xingu’ was 
just 0.16 mg kg-1.

Regarding zinc (Zn), the genotype with the 
highest content was Selection Black 145, whose value was 
22.56 mg kg-1. Selection Black 178 yielded fruits with the 
lowest Zn content (20.51 mg kg-1), followed by Selection 
Black 128 (20.97 mg kg-1). Other Zn contents were 21.44 
mg kg-1 (Selection Black 112), 21.08 mg kg-1 (‘BRS Xingu’) 
and 21.06 mg kg-1 (‘Tupy’). Souza et al. (2015) studied the 
cultivar ‘Tupy” and found mean Zn content of 18.6 mg 
kg-1 in blackberries.

Variation among genotypes in mineral contents 
may be attributed to some factors, such as soil conditions 
and fertilization methods, besides others that are intrinsic 
to the genotypes (Nour et al., 2011).

Concerning phenolic compounds and 
anthocyanins (Table 4), genotypes did not show any 
significant statistical difference in the 2016-17 crop. 
However, there was variation among genotypes 
under study. Selection Black 112 exhibited the highest 
mean value of phenolic compounds, i.e., 726.27 mg 
chlorogenic acid equivalent/100 g fresh weight, while 
the cultivar ‘Tupy’ had the lowest phenolic compound 
content, which was 453.19 mg chlorogenic acid 
equivalent/100g fresh weight. Guedes et al. (2014) found 
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results of phenolic content in blackberries yielded by 
the cultivar ‘Tupy’ of 247.33 mg 100 g-1 FW in the south of 
Minas Gerais state. Vizzotto et al. (2012) also evaluated 
bioactive compounds in fruits yielded by blackberry 
bushes and reported that the phenolic compound 
content of the cultivar ‘Tupy’ was 725.70 mg chlorogenic 
acid equivalent/100g fresh weight. Since they found little 
variation among genotypes, results were different from 
the ones found by the study described by this paper. 

Phenolic compounds found in fruits are beneficial 

to health, due to their antioxidant capacity. They can 
inactivate free radicals, thus contributing to prevent 
some diseases, such as cardiovascular, cancerous and 
neurological ones (Kuskoski et al., 2005; Silva et al., 2010; 
Jacques & Zambiazi, 2011).

Variation in phenolic compound contents can be 
attributed to several factors, such as the species, cultivar, 
degree of fruit maturation, soil and climate conditions 
(Bravo, 1998; Musa et al., 2015).

Table 4. Phenolic compounds, anthocyanins and antioxidant activity found in fruits yielded by six genotypes of blackberry 
bushes grown in an organic farming system in Pelotas, Rio Grande do Sul (RS), Brazil, in crops 2016-2017 and 2017-2018. 
Pelotas, RS, Brazil, 2017.

Genotypes
Phenolic compounds

 (mg chlorogenic acid 
equivalent/100 g fresh weight)

Anthocyanins 

(mg cyanidin3-glucoside 
equivalent/100 mg sample)

Antioxidant activity 
(µg trolox equivalent/g fresh weight)

2016-2017
Black 178 650.07 ns 307.20 ns 7363.11 ab
Black 145 636.50 283.74 7481.54 ab
Black 112 768.32 278.36 11520.59 a
Black 128 662.08 252.65 7853.36 ab

‘Xingu' 649.93 325.82 7133.72 ab
‘Tupy' 517.63 356.82 5511.73 b

2017-2018
Black 178 603.84 ab 262.21 ab 1651.75 a
Black 145 558.21 ab 184.70 b 1556.00 ab
Black 112 684.21 a 293.56 ab 1673.49 a
Black 128 460.36 bc 361.15 a 1236.47 b

‘Xingu' 560.75 ab 422.94 a 1299.92 ab
‘Tupy' 388.75 c 193.25 b 724.14 c

*Means followed by the same letter in a column do not differ statistically. The Tukey test was applied at 5% probability. Ns – no significant differences. 

Anthocyanins found in fruits varied among 
genotypes. The highest mean value, which was 374.38 
mg cyanidin3-glucoside equivalent/100mg sample, was 
found in the cultivar ‘BRS Xingu’, followed by Selection Black 
128 (306.90 mg cyanidin3-glucoside equivalent/100mg 
sample). In the experimental conditions, the anthocyanin 
content exhibited by the cultivar ‘Tupy’ was 275.04 mg 
cyanidin3-glucoside equivalent/100mg sample. These 
results do not corroborate the ones found by Guedes et 
al. (2014), who studied different cultivars of blackberry 
bushes and observed that the cultivar ‘Tupy’ exhibited 
anthocyanin content of 371.17 mg 100 g-1 FW. Selection 
Black 145 was the genotype that had the lowest mean 
anthocyanin content in its fruits (234.22 mg cyanidin3-
glucoside equivalent/100mg sample). 

Anthocyanins are red, violet and blue pigments 
found in fruits. They can capture free radicals, thus 
exercising antioxidant activity. Variation in the levels of 
anthocyanins can be attributed to the possibility of their 
degradation, caused by pH, temperature and other 
factors (Degáspari & Waszczynsky, 2004; Stoclet et al., 
2004). 

Regarding antioxidant activity, Selection Black 

112 stood out, since its fruits showed 6597.04 µg trolox 
equivalent/g fresh weight. Fruits yielded by the cultivar 
‘Tupy’ exhibited the lowest mean value: 3117.94 µg trolox 
equivalent/g fresh weight. Vizzotto et al. (2012) carried 
out an experiment with different genotypes and observed 
that the cultivar ‘Tupy’ had 8611.1 µg trolox equivalent/g 
fresh weight., while ‘Guarani’ exhibited 10103.5 µg trolox 
equivalent/g fresh weight. and Selection 16/96 showed 
12604.8 µg trolox equivalent/g fresh weight. Therefore, 
variation in antioxidant activity found in fruits yielded 
by blackberry bushes depends on the genotype under 
analysis.

Conclusions
Selection Black 145 yielded fruits with high acidity 

and low relation between soluble solids and acidity. Thus, 
they are recommended for the industry;   

Selection Black 178 yielded fruits which showed 
the highest relation between contents of soluble solids 
and acidity. Thus, they are recommended for fresh 
consumption; 

In general, Selection Black 145 stood out in the 
production of fruits with high mineral contents;  
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Fruits yielded by ‘BRS Xingu’ had the highest 
anthocyanin contents; 

Selection Black 112 exhibited fruits with the highest 
values of antioxidant activity and phenolic compounds.  
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