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ABSTRACT

The study evaluated some agro-morphological (fruit weight, fruit flesh ratio, fruit skin colour, number of 
fruits per raceme, number of racemes per bush), biochemical (vitamin C, soluble solids content, organic acids), 
and bioactive (total phenolics, total anthocyanins, total flavonoids, and antioxidant capacity) characteristics 
of the fruit of a number of selected European Cranberrybush (Viburnum opulus L.) genotypes grown in the 
Sivas province of Turkey. To evaluate the antioxidant capacity, ferric reducing antioxidant power (FRAP) 
assays were performed. The results showed genotype-specific differences in most of the agro-morphological, 
biochemical and bioactive characteristics. The range of fruit weight, number of fruits per raceme, and number 
of racemes per bush was between 0.67 and 0.82 g, 40.7 and 57.1, and 470 and 581, respectively. The highest 
vitamin C and soluble solids contents were found in the fruits of genotypes SIV-9 and SIV-6 as 39 mg per  
100 g and 12.6%, respectively. Tartaric acid was the main organic acid in all the genotypes; it ranged from  
120 to 144 mg per 100 g of fruit FW. Total phenolic, total anthocyanin and total flavonoid contents ranged from 
621 to 987 mg gallic acid equivalents per 100 g, 15 to 51 mg cyanidin-3-rutinoside equivalents per 100 g, and 
202 to 318 mg rutin equivalents per 100 g, respectively. Genotype SIV-10 had the highest antioxidant capacity 
(34.90 µmol Trolox per g, based on FRAP assays). The present study shows the potential of the evaluated 
European Cranberrybush genotypes for improving the nutritional value through germplasm enhancement 
programmes.
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INTRODUCTION

Fruits are genetically a very diverse group and are 
used by people for food, either as edible products 
or as culinary ingredients, and also for medicinal 
use. Because of their unique nutrient profile, wild 
edible fruits in particular play a more important 

role in human health and nutrition as better sources 
of vitamins, minerals, antioxidants, dietary fibre 
and phytonutrients (plant-derived micronutrients), 
which help the human body to be fit, rejuvenate, 
and stay free of diseases (Mikulic-Petkovsek et al. 
2014, Canan et al. 2016, Zorenc et al. 2016). The 
levels of bioactive compounds vary between fruit 
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species, genotypes, accessions, and also between 
different environmental conditions (temperature, 
soil, water, etc.) (Mikulic-Petkovsek et al. 2015, 
Saridas et al. 2016, Yazici and Sahin 2016, Mikulic-
Petkovsek et al. 2017)

Wild edible fruits show a rich biodiversity, 
which forms the basis for human survival and 
economic well-being, and constitutes the resources 
upon which families, communities, nations and 
future generations depend (Singh et al. 1994). They 
are harvested from forests and marginal lands of 
rural areas without commercial cultivation. They 
represent cheap but quality nutrition for large 
segments of the population in both urban and rural 
areas (Dansi et al. 2008). Most of the wild edible 
fruits have also medicinal properties (Ercisli et 
al. 2010, Mikulic-Petkovsek et al. 2012, Rop et al. 
2014). Several diverse raw or processed products 
could be obtained from wild edible fruits, which 
may support household subsistence and also 
generate income, in particular for people living 
in rural areas. This situation has been a prompt to 
investigate those valuable plants (Mahapatra et al. 
2005, Bharucha and Pretty 2010).

In Turkey, wild edible fruits are common and 
used by rural people, contributing significantly to 
their livelihood, but many of those fruits are still 
unknown or insufficiently exploited in Turkey 
despite their nutritional value (Ercisli et al. 2010).

The European Cranberrybush (Viburnum 
opulus L., common name: guelder-rose) is native 
to Europe, northern Africa and central Asia 
(Cesoniene and Daubaras 2006, Cesoniene et al. 
2008), and is commonly found in Anatolia as wild 
populations. In Anatolia, Viburnum opulus fruits 
are called gilaburu and have been used in Turkish 
folk medicine for several purposes, for example, as 
an antidiabetic agent (Altun et al. 2008).

The European Cranberrybush grows wild in the 
central, western and northern provinces of Turkey, 
showing a rich plant diversity. The European 
Cranberrybush shrub, whose fruit resembles grapes 
and usually has 34-54 red-coloured berries, was 
given the name of ‘Rose Ebru’ during the Seljuk 
and Ottoman times because of its beauty when 
flowering (Kalyoncu et al. 2013). Red-coloured 
berries of the European Cranberrybush are quite 
rich in bioactive substances. The juice of the fruit, 
which matures in autumn and has its own unique 
taste and aroma, has diuretic effects, which means 
it helps to reduce body swelling and oedema, and 
stimulates the kidneys to remove waste materials 
from the body, and it can also be an important 

dietary fruit due to its bioactive compounds (Iwai 
et al. 2004, Fukuyama et al. 2005, Kim et al. 2005, 
Lavigne et al. 2008, Bae et al. 2010).

Although there have been some detailed reports 
on the morphological, bioactive and biochemical 
characteristics of European Cranberrybush grown 
in different parts of the world, there have been 
very few studies in Turkey regarding the European 
Cranberrybush fruit. In particular, no research 
has been conducted on the bioactive content of 
European Cranberrybush fruits grown in similar 
ecologies in Turkey. In this research, it is aimed to 
compare some agro-morphological, biochemical 
and bioactive contents of the fruits of European 
Cranberrybush genotypes grown naturally in the 
Sivas province of Turkey.

MATERIAL AND METHODS
Plant material
In the study, 10 superior seedling genotypes of 
the European Cranberrybush (V. opulus L.) were 
determined by pre-selection (according to high 
yield and disease resistance characteristics), and 
their fruits were harvested at the end of October 
in 2013 and 2014 in the Sivas province of Turkey. 
The fruits of the genotypes were transferred to the 
laboratory via a cold chain and stored in plastic 
bags at -24°C until analysis. The mesocarp part of 
the fruits was used in the analyses.

Agro-morphological characteristics
Fruit external colour, the number of fruits in  
a raceme, number of racemes per bush, and average 
fruit weight were determined. The number of fruits 
in a raceme was calculated using 20 racemes per 
bush in three replicates. The average weight of  
a fruit was measured by using an analytical balance 
with a sensitivity of 0.01 g. The fruit external 
colour was determined by 5 panelists and classified 
as light red, red, or dark red.

Biochemical characteristics
Vitamin C, soluble solids content, titratable 
acidity and organic acids were determined as 
biochemical characteristics. The harvested fruits 
were juiced and a digital refractometer (ATAGO 
PR-32, Atago, Japan) was used to determine 
the soluble solids content (SSC). The juice was 
also used for vitamin C analysis. The vitamin C 
(ascorbic acid) content was measured by titration 
with 2,6-dichlorophenolindophenol sodium salt 
solution using chloroform for intensely coloured 
extracts (AOAC 1995). The titratable acidity (TA) 
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was measured by titrating 10 g of fruit pulp that 
had been homogenized with 100 ml distilled water. 
The initial pH of the sample was recorded before 
titration with 0.1 N NaOH to a final pH of 8.2. The 
acidity was expressed as the percentage of citric 
acid equivalent to the quantity of NaOH used for 
the titration. Organic acid standards (citric, tartaric, 
oxalic, malic, succinic and fumaric) were obtained 
from Sigma-Aldrich (St. Louis, MO, USA). Organic 
acids of the fruits were identified by the modified 
method of Bevilacqua and Califano (1989). Juice 
extracts were obtained by mashing the fruits in  
a cheesecloth, after which the samples were stored 
at (-24ºC) until analyzed. 5 ml of each sample 
was mixed with 20 ml of 0.009 N H2SO4 and then 
homogenized for 1 h with a shaker. The mixture 
was centrifuged for 15 min. at 15,000 rpm, and the 
supernatants were filtrated twice with a 0.45 µm 
membrane filter following filtration with a coarse 
filter (Millipore Millex-HV Hydrophilic PVDF, 
Millipore, USA), with the final passage through 
a SEP-PAK C18 cartridge. Organic acid readings 
were performed with HPLC using an Aminex 
column (HPX-87H, 300 mm × 7.8 mm, Bio-Rad 
Laboratories, Richmond, CA, USA) at 214 and 280 
nm wavelengths, controlled by Agilent software 
(Agilent, USA).

Bioactive content – sample preparation and 
extraction procedure
The total phenolics, total anthocyanins, total 
flavonoids and total antioxidant capacity were 
analyzed in ripe fruit samples which had been 
stored at -24ºC. After thawing, triplicates of  
100 g of fruits from each genotype were 
homogenized in a blender and screened for 
bioactive content analysis (Singleton and Rossi 
1965). In the extraction process, 3 g aliquots of 
each homogenate were used and transferred to test 
tubes. Twenty ml of extraction buffer consisting of 
acetone, deionized water and acetic acid (70:29.5:0.5 
v/v/v) were used for one hour. To determine total 
phenolics, Folin & Ciocalteu’s phenol reagent was 
used. For this purpose, a 1:1:20 (v/v/v) mixture of 
extract, reagent and water was incubated for eight 
minutes, followed by the addition of 10 ml of 7% 
(w/v) sodium carbonate. The absorbance of each 
sample was measured at 750 nm after two hours. 
The total phenolics were estimated by comparing 
the absorbance of each sample with those of  
a standard response curve generated with gallic 
acid (Singleton and Rossi (1965). Results were 
expressed as mg gallic acid equivalents per 100 g 

on a fresh weight basis. Total anthocyanin content 
was determined by measuring the absorbance 
values at different pH values according to the 
method described by Wrolstad (1976). Absorbance 
was read against water in a spectrophotometer at 
510 and 700 nm, and calculated according to the pH 
absorbance value and expressed as mg cyanidin-3-
rutinoside per 100 g. A colorimetric assay by Jia 
et al. (1999) was used for total flavonoid content. 
In a 10 ml flask, 2 ml of extracts were mixed with 
distilled water to reach a final volume of 5 ml. 
After that, 0.3 ml of 0.72 mol l-1 NaNO2 was added 
at zero time to the flask. Then 0.6 ml of 0.41 mol l-1 
AlCl3 was added after 5 min., and 2 ml of 1 mol l-1 
NaOH was added after 6 min., followed by 2.1 ml 
of distilled water. Finally, absorbance at 510 nm 
was read against the blank (water), and the results 
were given as μg rutin equivalents per 100 g fresh 
weight.

FRAP (Ferric Reducing Antioxidant Power)  
assay was used for antioxidant capacity determina-
tion. To do this, 2.95 ml aliquots of a FRAP reagent, 
a mixture of 0.1 mol l-1 acetate buffer, 10 mmol l-1 
TPTZ, and 20 mmol l-1 ferric chloride (10:1:1, v/v/v), 
were combined with 50 µl of acetone fruit extract. 
To determine the antioxidant capacity of the sam-
ples, the absorbance values were compared with 
those obtained from the standard curves of Trolox 
(10-100 µmol l-1). The antioxidant capacity values 
were expressed as µmol Trolox equivalents per g on 
a fresh weight basis (Benzie and Strain 1996).

Statistical analysis
All data were analyzed using SPSS software (SPSS 
Inc., Chicago, IL, USA). The experimental data 
were analyzed by one-way analysis of variance 
(ANOVA) with pairwise comparisons, followed 
by the least significant difference test (LSD). 
The results are presented as the mean ± standard 
deviation (SD). The p < 0.05 was considered 
statistically significant. There were no statistical 
differences between years, thus the data for both 
years were pooled.

RESULTS AND DISCUSSION
Agro-morphological characteristics
There were statistical differences in fruit weight, 
the number of fruit per raceme and the number 
of racemes per bush among the European 
Cranberrybush genotypes at the p < 0.05 level 
(Tab. 1). The weight of fruits produced by the ten 
European Cranberrybush genotypes ranged from 
0.67 to 0.82 g. Fruits from the SIV-6 seedlings 
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showed higher fruit weight values than the rest of the 
genotypes, but the differences were not significant 
relative to the other seedlings. The lowest weight 
found was 0.67 g in the SIV-2 genotype, but it too 
was not significant relative to the other seedlings. 
Previously, the weight of European Cranberrybush 
fruit had been reported between 0.40 and 0.87 g 
(Bolat and Ozcan 1995, Kara et al. 1995, Kollmann 
and Grubb 2002, Karadeniz et al. 2003, Cesoniene 
et al. 2010, Ozrenk et al. 2011, Gundogar 2013). 
Large fruit is a desirable quality trait, primarily 
for the fresh fruits and secondly for the dried ones, 
rendering them more attractive to consumers. 
Besides, the relatively large size of European 
Cranberrybush fruits is also very important 
because it facilitates the harvesting of these small 
and delicate fruits.

The fruit flesh ratio varied between 89.1% 
in SIV-1 and 93.2% in SIV-2 (Tab. 1), being in 
agreement with the findings of Gundogar (2013).

Among the 10 genotypes, 4 genotypes had a light 
red fruit skin colour, 4 genotypes were dark red and 
2 genotypes were red in colour (Tab. 1). Ozrenk et al. 
(2011) had reported that European Cranberrybush 
genotypes in eastern Turkey generally had a dark 
red fruit skin colour. Gundogar (2013) selected  
50 European Cranberrybush genotypes in Turkey 
and found that 12 genotypes had a light red fruit 
skin colour, 31 genotypes were red, and 7 genotypes 
had a dark red fruit skin colour. The red colour of 
European Cranberrybush fruits depends mostly on 
the accumulation of anthocyanins in them.

The number of fruit per raceme and the number of 
racemes per bush in the 10 European Cranberrybush 
genotypes were found between 40.7 and 57.1, and 
470 and 581, respectively. Cesoniene et al. (2010) 
had reported a wide variation in 10 cultivars and 

genotypes of European Cranberrybush in Lithuania 
for the number of fruit per raceme and the number 
of racemes per bush as 29.6-78.6 (average 46.2) and 
228-1039 (average 630), respectively. Ozrenk et 
al. (2011) reported the number of fruit per raceme 
between 29 and 71 in 2 genotypes of European 
Cranberrybush grown in eastern Turkey. Gundogar 
(2013) also reported values between 33 and 63 in 
a natural European Cranberrybush population in 
central Anatolia. Kara et al. (1995) and Karadeniz 
et al. (2003) had reported these values as 31 and 
75 in the middle and northern parts of Turkey. The 
varied number of fruits per raceme in the European 
Cranberrybush is likely to be due to genetic 
background, fertilization and ecology (Gundogar 
2013).

Biochemical characteristics
When Table 2 is examined, statistically significant 
differences (p < 0.05) can be seen between the 
genotypes in terms of vitamin C, SSC, and tartaric 
and malic acid contents. Vitamin C content of the 
European Cranberrybush genotypes ranged from 
28 to 39 mg per 100 g. Ozrenk et al. (2011) had 
determined vitamin C in European Cranberrybush 
grown in two different provinces of eastern Anatolia 
between 32.76 and 33.43 mg per 100 g, indicating 
similarity to our present results. Cam and Hisil 
(2007) reported vitamin C at 35.20 mg per 100 g 
of fruit in European Cranberrybush in Turkey. 
Cesoniene et al. (2010) reported a wide variation 
in vitamin C content of 10 cultivars and genotypes 
of European Cranberrybush in Lithuania, in the 
range 12.4-41.1 mg per 100 g of fruit (average  
27 mg). Cam et al. (2007) reported an ascorbic acid 
concentration of 52.7 mg per 100 g in V. opulus 
fruit. In comparison with tabulated data for other 

Table 1. Agro-morphological characteristics of European Cranberrybush genotypes (average for 2013-2014)

Genotype Fruit weight 
(g)

Fruit flesh ratio 
(%)

Fruit skin 
colour

Number of fruit per 
raceme

Number of racemes 
per bush

SIV-1 0.70 ± 0.06 ab 89.1NS light red 57.1 ± 4.2 a 542 ± 38 b
SIV-2 0.67 ± 0.05 b 93.2 red 43.8 ± 3.8 bc 488 ± 29 cd
SIV-3 0.75 ± 0.05 ab 90.1 light red 52.4 ± 5.7 ab 470 ± 33 d
SIV-4 0.73 ± 0.07 ab 90.7 red 40.7 ± 3.6 c 502 ± 35 c
SIV-5 0.78 ± 0.07 ab 91.4 light red 54.6 ± 5.3 ab 581 ± 41 a
SIV-6 0.82 ± 0.08 a 92.0 light red 46.8 ± 4.9 b 474 ± 24 d
SIV-7 0.69 ± 0.04 ab 92.8 dark red 42.1 ± 4.0 c 521 ± 31 bc
SIV-8 0.80 ± 0.07 ab 90.4 dark red 55.3 ± 6.1 ab 538 ± 29 b
SIV-9 0.70 ± 0.06 ab 91.8 dark red 50.6 ± 5.3 ab 567 ± 33 ab
SIV-10 0.74 ± 0.05 ab 90.7 dark red 53.3 ± 5.2 ab 481 ± 27 cd

NS – non significant. Values in a column marked with the same letter do not differ significantly at p < 0.05
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fruit species this value is moderately higher than 
for blackberry (Rubus fruticosus) – 15.5-16.3 mg 
per 100 g (Benvenuti et al. 2004) and American 
cranberry (Vaccinium macrocarpon Aiton) – 11.8-
15.8 mg per 100 g (Viskelis et al. 2009). However, 
it does not reach the values which are observed in, 
for example, blackcurrant (Ribes nigrum) – 150.3-
275.8 mg per 100 g (Viskelis et al. 2008). Vitamin C 
(ascorbic acid) is an important nutrient for humans 
and has many functions.

Small, but statistically significant (p < 0.05), 
differences in SSC values were detected among 
the genotypes of V. opulus, ranging from 9.8 to 
12.6% (Tab. 2). The levels of SSC, especially in 
relation to acidity are important components of 
quality of several fruits, jams and juices (Zhao 
et al. 2015). Considerably lower levels of SSC in 
genotypes suggest that they are more suitable for 
processed products, such as jams or mixed juices. 
Interestingly, SSC values similar to the present 
ones were reported in other studies of V. opulus in 
Turkey (Bolat and Ozcan 1995, Kara et al. 1995, 
Karadeniz et al. 2003, Ozrenk et al. 2011, Gundogar 
2013), indicating that the cultivation in different 
parts of Turkey plays a minor role in the levels of 
these important fruit characteristics.

In this study, significant differences were 
detected in the accumulation of organic acids by the 
different European Cranberrybush genotypes (Tab. 
2), although the results are in general agreement with 
the findings of other studies (Ozrenk et al. 2011). 
The SIV-6 genotype of V. opulus accumulated high 
levels of tartaric and malic acids, averaging 144 mg 
per 100 g and 135 mg per 100 g, respectively, while 
SIV-2 (120 mg per 100 g) and SIV-1 (110 mg per  
100 g) had the lowest tartaric and malic acid contents, 

but the differences were not significant relative to the 
other genotypes. Ozrenk et al. (2011) had reported 
that fluctuations in the levels of organic acids did 
exist among different genotypes of V. opulus.

Bioactive content
The fruits of the SIV-7 genotype contained 
significantly higher levels of total phenolics than 
all the other genotypes of V. opulus (Tab. 3), 
reaching 987 mg GAE per 100 g FW, with the 
SIV-3 genotype having the lowest total phenolic 
content of 621 mg GAE per 100 g FW. Medium 
values of total phenols were observed in all the 
other genotypes. Polyphenols have been proven 
to have beneficial antioxidant, anti-microbial 
and anti-inflammatory properties, and fruits of 
the European Cranberrybush are considered to 
be good sources of both. Kraujalyte et al. (2013) 
had studied the polyphenolic content of V. opulus 
genotypes and, in agreement with the results of 
this study, found significant differences between 
the studied genotypes (from 540 to 1060 mg per  
100 g FW). Cam and Hisil (2007) reported that TPC  
in V. opulus was in the range of 330-350 mg per  
100 ml of juice, which is markedly lower than in the 
juice analyzed in our work. Cesoniene et al. (2010) 
reported total phenolic content in extracts from the 
fruits of V. opulus between 753 and 1280 mg GAE  
per 100 g FW and indicated that the differences 
in total phenolic amounts expressed as GAE were 
caused by genetic variation. The Total Phenolic 
Content (TPH) of fresh V. opulus fruit had previously 
been reported to be 351.3-356.6 mg per 100 g (Cam 
et al. 2007, Cam and Hisil 2007), which was lower 
than in our study. Cranberries contain about 315 mg 
TPH per 100 g (Zheng and Wang 2003). Ozdal et 

Table 2. Vitamin C, soluble solids content (SSC), and organic acids in fruits of European Cranberrybush genotypes 
(average for 2013-2014)

Genotype Vitamin C 
(mg per 100 g FW) SSC (%)

Organic acids (mg per 100 g FW)
tartaric malic fumaric succinic

SIV-1 33 ± 2.9 ab 10.1 ± 0.6 ab 124 ± 12 ab 110 ± 9 d 13NS 6.0NS

SIV-2 30 ± 1.7 ab 11.1 ± 0.5 ab 120 ± 11 b 133 ± 11 a 15 5.1
SIV-3 35 ± 3.1 ab 9.8 ± 0.5 b 136 ± 14 ab 124 ± 12 c 10 5.0
SIV-4 28 ± 2.0 b 11.7 ± 0.7 ab 132 ± 14 ab 117 ± 9 cd 16 4.8
SIV-5 30 ± 3.2 ab 11.3 ± 0.6 ab 130 ± 13 ab 130 ± 12 ab 12 4.6
SIV-6 29 ± 2.5 ab 12.6 ± 0.7 a 144 ± 11 a 135 ± 12 a 10 4.0
SIV-7 33 ± 3.0 ab 12.0 ± 0.7 ab 120 ± 10 b 115 ± 10 cd 18 5.5
SIV-8 27 ± 2.8 b 10.9 ± 0.6 ab 140 ± 11 a 120 ± 9 cd 17 4.3
SIV-9 39 ± 4.1 a 12.3 ± 0.7 ab 132 ± 11 ab 128 ± 11 b 16 5.9
SIV-10 31 ± 3.2 ab 11.4 ± 0.5 ab 134 ± 13 ab 130 ± 11 ab 13 5.2

Explanations: see Table 1
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al. (2014) reported that the total phenolic content 
of 10 European Cranberrybush genotypes in the 
Kayseri province of Turkey varied in the range of 
549-917 mg gallic acid equivalents per 100 g FW. 
Phenolic compounds have a permeability regulator 
and blood pressure lowering effect in the capillary 
circulatory system, as well as an antioxidant effect 
(Mojzer et al. 2016).

Total flavonoid content was found between 202 
(SIV-1) and 318 (SIV-7) mg rutin equivalents per 
100 g FW (Tab. 3), indicating significant statistical 
differences among V. opulus genotypes. It seems that 
the genotype strongly influences the accumulation 
of flavonoids in European Cranberrybushes. Rop 
et al. (2010) determined the total flavonoid content 
in fresh fruits of V. opulus to be 314-489 mg per 
100 g, indicating higher values than in our study. 
Flavonoid compounds with antioxidant properties 
reduce inflammation, form healthy blood vessels, 
prevent cell damage and delay ageing (Kahraman 
et al. 2002).

The amounts of total anthocyanins in V. opulus 
fruits expressed as cyanidin 3-glucoside ranged 
from 15 to 51 mg per 100 g (Tab. 3). Cesoniene et 
al. (2010) had reported total anthocyanin content 
between 23.2 and 44.6 mg per 100 g in Lithuania. 
Previous studies had reported a variation in the 
TAC of V. opulus fruits between 22.9 and 49.9 mg 
per 100 g (Benvenuti et al. 2004), and between  
22 and 29 mg 100 g (Deineka et al. 2005), which 
is in agreement with our results. Anthocyanins 
prevent cell ageing. They protect healthy tissues 
and cells, and thus reduce the risk of cancer and 
heart disease (Delgado-Vargas and Pakirmizies-
Lopez 2003).

In the present study, the total antioxidant 
capacity values were found between 21.02 (SIV-5) 
and 34.90 (SIV-10) expressed as µmol Trolox per 
g in the FRAP method. The highest antioxidant 
capacity was in the SIV-10 genotype, reaching 34.90 
µmol Trolox per g, but the differences relative to the 
other genotypes were not significant. A statistically 
significant difference was only between SIV-10 and 
SIV-5 (Tab. 3). It appears that the SIV-10 genotype 
synthesizes/accumulates higher levels of total 
phenolics and other antioxidants in its organs than 
the rest of the genotypes. Kraujalyte et al. (2013) 
had found the iron-ion-reducing antioxidant power 
values in the fruits of six different V. opulus varieties 
to be 32.3-61.8 µmol Trolox equivalents per g. Ozdal 
et al. (2014) reported that antioxidant capacity is 
highly variable among European Cranberrybush 
genotypes grown in central Anatolia. To the best 
of our knowledge, the antioxidant activity of  
V. opulus fruit had not previously been evaluated 
by the FRAP assay in Turkey and there were very 
few results on this characteristic in the literature.

CONCLUSIONS
The results revealed that, in Turkey, there was 
variation in terms of fruit agro-morphological, 
biochemical and bioactive characteristics among 
seed propagated V. opulus genotypes sampled in 
the Sivas province (central Anatolia), indicating 
the importance of selecting the best genotypes for 
future cross-breeding activities. This also highlights 
that fruits of the European Cranberrybush genetic 
resources in Turkey could be used for special 
breeding purposes to obtain new European 

Table 3. Bioactive contents of European Cranberrybush fruits (average for 2013-2014)

Genotype Total phenolics 
(mg GAE per 100 g FW)

Total flavonoids 
(mg rutin equiv  
per 100 g FW)

Total anthocyanins 
(mg cyanidin-3-rutinoside 

equiv per 100 g)

FRAP 
(µmol Trolox equiv per g)

SIV-1 740 ± 23 bc 202 ± 12 ab 15 ± 1 e 25.32 ± 3.1 ab
SIV-2 668 ± 17 bc 234 ± 14 ab 38 ± 4 bc 30.47 ± 4.2 ab
SIV-3 621 ± 15 c 211 ± 10 b 29 ± 4 cd 28.80 ± 3.5 ab
SIV-4 840 ± 25 b 265 ± 14 ab 33 ± 4 c 26.54 ± 3.2 ab
SIV-5 707 ± 20 bc 258 ± 11 ab 19 ± 2 de 21.02 ± 2.6 b
SIV-6 902 ± 29 ab 305 ± 17 ab 23 ± 2 d 27.20 ± 2.9 ab
SIV-7 987 ± 32 a 318 ± 16 a 51 ± 5 a 33.68 ± 4.7 ab
SIV-8 887 ± 27 ab 286 ± 15 ab 45 ± 4 ab 31.47 ± 4.3 ab
SIV-9 795 ± 23 bc 297 ± 15 ab 42 ± 4 b 29.13 ± 3.4 ab
SIV-10 945 ± 30 ab 275 ± 13 ab 48 ± 5 ab 34.90 ± 4.5 a

Values in a column marked with the same letter do not differ significantly at p < 0.05
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Cranberrybush genotypes that would produce fruit 
with more human health enhancing contents.
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