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Introduction

The garden strawberry (Fragaria x ananassa Duch.) is one of the most
economically important berry fruit species with a global annual production that
exceeds 8.3 Mt (FAOSTAT, 2018). Commercial production of strawberry in Bosnia
and Herzegovina has been experiencing massive expansion in recent decades but
with 9827 t in 2018 (FAOSTAT, 2018) it is still significantly behind production in
developed countries. The strawberries are an important source of various
chemical substances such as easily assimilable sugars, as well as organic acids,
many vitamins, pectins and fibre. Strawberries are especially valued for their high
content of health promoting compounds with antioxidant properties such as
vitamin C and phenols. The content of these compounds depends on many factors
such as variety, ecological conditions, degree of the fruit ripeness, the growth
system, agrotechnical and protective measures. It has been reported that number
of bioactive compounds vary significantly with genotype.
The aim of this study was to evaluate physical and chemical characteristics of the
most grown strawberry cultivars in central Bosnia (Gornji Vakuf-Uskoplje locality)
and compare their properties with the wild strawberry growing in the same
geographical area.
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Methods

Two-year-old strawberry cultivars Clery, Marmolada, Arosa were collected in 2018
from intensive plantations in Rajci locality near Gornji Vakuf-Uskoplje, Bosnia and
Herzegovina and wild strawberry was collected from natural population in the
immediate vicinity in the same geographic area at an altitude of 670 m. Collected
samples were kept frozen at -20°C until the analysis.
The testing of phenological fruit parameters were included onset of blossom, end of
blossom, start of ripening and end of ripening.
Average fruit weight was determined on a total 30 fruits per each cultivar in
respect to three replications, with ten fruits in each replication. Fruit height and
width were measured using a digital Vernier caliper with the accuracy of 0.01 mm
and results were expressed in millimeters (mm). Fruit index shape was calculated
as ratio of maximum height to width, H/W.
For extraction, 20 ml of acidified methanol (0.1% HCl) was added to 4 g of
homogenized samples. Subsequently, the samples were subjected to extraction for
60 minutes in a shaker at a rate of 200 rpm at room temperature and then
centrifuged.
The total phenolic content was determined with Fiolin-Ciocalteu reagent according
to the method of Singelton (1965). Standard curve was generated using gallic acid
as a standard.
Total anthocyanin content was determined using pH-differential method (Zhishen et
al., 1999).
The ferric reducing power of plant extract was determined using method of Benzie
and Strain (1996), which is based on reduction of a colorless ferric complex (Fe3+ -
tripyridyltriazine) to a bluecolored ferrous complex (Fe2+-tripyridyltriazine) by the
action of electron-donating antioxidants.
The free radical scavenging capacity of blueberry extracts was investigated using
the ABTS radical cation decolorization assay described by Re et al. (1999).
All measurements were performed in triplicate.
Statistical data processing was performed by variance analysis (ANOVA). Tukey-
Kramer test at p≤0.05 was used to determine if there is significant difference
between samples. The values are expressed as the mean ± standard deviation (SD).
Correlations between total phenolics, anthocyanins and antioxidant activity (FRAP
and ABTS method) were determined using Pearsonʹs Correlation Coefficient Test.

Discussion and Conclusion

The time of flowering and pomological characteristics depend on cultivar,
agroecological and climate conditions.
It has been previously reported that state that antioxidant activity is conditioned by
the type, variety, and size of the fruit, whereby berries with smaller fruits showed
higher values of antioxidant activity. This is confirmed by the results of the
antioxidant activity of the fruit in the examined wild berry fruit species. Antioxidant
activity is very dependent on the free radical used for determination therefore one
should use different assays for the assessment. FRAP is method which is not
based on selective reduction so it should be preferred. When comparing results
from different studies we need to have in mind that solvents, temperature, time of
extraction influence extraction yields and antioxidant activity of extracts.
The obtained results showed that there are significant differences in the content of
investigated bioactive compounds among selected strawberry cultivars in central
Bosnia region. Highest content of total phenols and antioxidant activity were
detected in wild strawberry fruit indicated that wild strawberries as valuable
source with respect to examined polyphenolic compounds. Further investigations
are required to give precise evaluation and characterization of bioactive
molecules in these fruit cultivars.

Results

Tab. 1 Phenological observation results of studied strawberry cultivars and wild 
strawberry

Cultivar
Start of 

blossom

End of 

blossom

Start of 

ripening

End of 

ripening
Clery 12.04. 12.05. 08.05. 20.06.

Marmolada 15.04. 18.05. 15.05. 17.06.
Arosa 18.04. 22.05. 17.05. 16.06.

Fragaria vesca L. 20.04. 28.05. 25.05. 26.06.

Tab. 2 Pomological observation results of studied strawberry cultivars and wild 
strawberry

Cultivar
Fruit weight

(g)

Fruit height

(mm)

Fruit width

(mm)

Fruit shape 

index

Clery 15.04±3.41a 33.45±4.39a 26.16±4.58a 1.28±0.19

Marmolada 15.02±4.62a 31.09±2.39a 25.21±4.93a 1.27±0.22

Arosa 16.08±4.37a 30.7±4.77b 23.83±4.65ab 1.31±0.20

Fragaria vesca L. 1.02±0.58b 10.25±0.19c 9.82±0.57c 1.05±0.06

Tab. 3 The content of total phenolics (TP), total anthocyanins (TA) and antioxidant 
activity using FRAP and ABTS method of studied strawberry cultivars and wild 

strawberry

Cultivar

TP

(mg GA/100 

g FW)

TA

(mg CGE/100 

g FW)

Antioxidant activity

FRAP

(mM Fe2+/100 

g FW)

ABTS

(mmol TE/100 

g FW)

Clery 166.76±1.13 24.34±0.29 1.10±0.10 0.19±0.003
Marmolada 187.42±3.60 14.74±0.26 1.07±0.02 0.20±0.006

Arosa 178.22±4.49 14.70±0.18 1.45±0.31 0.20±0.03
Fragaria vesca L. 443.57±4.14 23.78±0.54 2.16±0.08 0.40±0.006

Tab. 4 Pearson correlation between total phenolics, anthocyanins and antioxidant 
activity (FRAP and ABTS method)

Total 

phenolics FRAP ABTS

Total 

anthocyanins
Total phenolics 1

FRAP 0.8934 1
ABTS 0.9936 0.8662 1

Total anthocyanins 0.4915 0.3641 0.5134 1

Based on the data from Table 1, the starting phase of flowering happens in the
period from 12th till 20th of April. The time of flowering depend on cultivar but is
also influenced by climatic conditions.
Table 2 shows the results of fruit weight, height, and width, where the differences
between strawberry cultivars and wild strawberry (Fragaria vesca L.) are clearly
noticed. The highest value of fruit height and width was determined in the cultivar
Clery, and the lowest in cultivar Arosa.
The results presented in Table 3. demonstrated that wild strawberry contained
highest total phenolic content of all investigated samples. The content of total
anthocyanins in the cultivar Clery had slightly higher value compared to the other
two cultivars. Wild strawberry had slightly higher antioxidant activity compared to
cultivated strawberries determined by FRAP method.
The strongest positive correlation was found between total phenolic content and
antioxidant activity determined using ABTS radical (Table 4).
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