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ABSTRACT 
 
In recent decades, Viburnum has been given special attention as raw material in 
medicine and as a food-supplementing product in the horticulture of different 
countries with temperate climate. The present study aimed at evaluating 
Viburnum varietetus using molecular markers, relates the SSR data to biochemical 
ones, as well as assessing the genotoxicity and antimicrobial effect of fruit juices of 
the species that have been selected. On the basis of the diagram of the 
microsatellite data, different relations between detected antocyanins and the total 
amount of phenols in the fruit of different accessions were discovered.   In the 
evaluation of genotoxicity with the help of the Ames test, Viburnum accessions 
showed negative results. As such lyophilised juices of Viburnum fruit were not 
genotoxic. The results of bioassays showed that juices of different Viburnum 
accessions displayed bactericidal and bacteriostatic activity against all bacteria 
and yeast that were studied. When the juices of Viburnum berries were 
investigated, no inhibitory effect on microscopic fungi was found. 
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INTRODUCTION 
 
The most popular horticultural species prevalent in the 
temperate climate zone to which the Baltic region belongs 
are represented by the genera Malus (Sikorskaitė et al., 
2012), Pyrus (Baniulis et al., 2012), Rubus (Stankienėet al., 
2012), Vaccinium (blueberries, bilberries, cranberries; 
Česonienė et al., 2011), Fragaria (Lukoševičiūtė et al., 
2012) etc. The increasing concern for standard of living and 
the nutritional importance of fruit to human health set 
further stringent requirements to production of berries in 
terms of their assortment and quality. During the past 
decade, the attention of horticulturalists from Northern 
Europe (Debnathet al., 2012) towards non-traditional 
species of berries such as the honeysuckle (Lonicera 
caerulea), elderberry (Sambucus canadensis), 
Juneberry/saskatoon (Amelanchier sp.), thorn-apple 
(Crataegus sp.), the sea buckthorn (Hippophae rhamnoides), 
the black chokeberry (Aronia melanocarpa), the rowan 

(Sorbus aucuparia), dwarf Japanese quince (Chaenomeles 
japonica), high bush blueberry (Vaccinium corymbosum), 
kolomikta kiwi (Actinidia kolomikta) and European 
cranberry busch species (Viburnum opulus) has increased 
(Česonienė et al.,2011; Kraujalytė et al., 2012). 

The Viburnum genus belongs to the family of Adoxaceae 
(Clement and Donoghue, 2012). It consists of about 230 
species of shrubs and small trees that are widespread in the 
Northern hemisphere and in some places in the Southern 
hemisphere (Pal et al., 2013). There is a wide diversity in 
phenotypic features of Viburnum sp. including the leaf 
shape, the colour of fruit and blossoms (Dirr, 2009), fertility 
and ecology (Kollmann and Grubb, 2002). 

The species V. opulus is widely spread in Lithuania and 
wellknown as a medicinal and horticultural plant. V. 
trilobum is anative plant in North America. The 
morphological peculiarities of the latter species are very 
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similar to those of V. opulus, but it distinguishes for 
resistance to aphid attack and more intense fall colour. V. 
sargentii is a natural common species in the Far East, Korea, 
Altai and Sakhalin. (Česonienė et al., 2008) 

Analysed accessions can be genetically characterised 
using molecular markers. But among different accessions of 
Viburnum only V. dilatatum was investigated using SSR 
molecular marker (Dean et al., 2011). 

Viburnum berries contain minerals that are valuable to 
human nutrition (Kalyoncuet al., 2013) and a large amount 
of different metabolites. Plenty of water-soluble 
polysaccharides (Ovodova et al., 2000), ascorbic acid (Rop 
et al., 2010), malic and oxalic acids (Rop et al.,2010), seed 
lipids (Karimova et al., 2000), terpenoids including 
essential oils (Kraujalytė et al., 2012; Pal et al., 2013), 
flavonoids and other natural phenolic compounds 
(Kikuchiet al., 2011; Kraujalytė et al., 2013) have been 
found in Viburnum genotypes. Due to a specific chemical 
composition Viburnum species are of value to the 
manufacture of food-supplementary products: fruit are 
used in food industry to produce juices, jelly, sweetmeat 
and marmalade (Pal et al., 2013). The abundance of 
secondary metabolites in the fruit determines a strong 
antimicrobial activity (Pal et al., 2013) and antioxidant 
potential of Viburnum (Debnath et al., 2012). Alongside its 
fruit, Viburnum blossoms, leaves and bark are also 
important medicinal raw material used for anticancer, anti-
ulcer, antioxidant and anti-inflammatory treatment 
(Debnath et al., 2012). 

Even polyphenols, which are known for their antioxidant 
activity, have been found to cause oxidative stress-type 
cytotoxic and genotoxic effects due to autoxidation, 
intercellular generation of reactive oxygen species and 
depletion of intercellular reduced glutathione (Mennen et 
al., 2005). Recently it has been shown that plants rich in 
antioxidants have a stronger genotoxic effect (Wan-Ibrahim 
et al., 2010). An ever increasing consumption of plant-
derived products requires extensive tests of genotoxicity to 
ensure their safe use.  

In recent years the use of antibiotics has become a major 
factor in determining the appearance and spread of strains 
of many groups of microorganisms resistant to different 
drugs. Awan et al. (2013) investigated the antimicrobial 
activities of leaves of V. nervosum and V. foetens against 
human pathogenic bacteria and noticed different levels of 
their antibacterial activity. The essential oil of V. 
betulifolium showed a strong antimicrobial activity against 
Gram (+) and Gram (-) human pathogenic bacteria and the 
yeast Candida albicans (Pal et al., 2013). 

A relatively great cultivar-dependent variation in 
morphology, physiology and biochemical components of 
Viburnum fruits was established under Lithuanian 
conditions (Česonienė et al., 2011). Hence, the development 
of molecular markers seeking to identify the production of 
certain    bioactive   substances  in   different   genotypes   of 

 
 
 
Viburnum is a task of particular importance.  

Thereby the present study it was sought to 
assessViburnum accessions according to the molecular 
markers system, relating SSR data to concentration of 
antocyanins and phenolic compounds in fruit parameters, 
as well as to establish genotoxic and antimicrobial effects of 
fruit juices of the selected species. 
 
 
MATERIALS AND METHODS 
 
Plant material 
 
Plant material was sampled from the field collection of 
Viburnum accessions grown in the Botanical Garden of 
Vytautas Magnus University (Kaunas, Lithuania). Viburnum 
opulus cultivars ‘Kijevskaya Sodovayaʼ, ‘Krasnaja Grozdʼ, 
‘Leningradskaja Otbornajaʼ, ‘Souzgaʼ,‘Šukšinskajaʼ, 
‘Upininkaiʼ ‘Zarnicaʼ and P1, P2 clones, as well as other 
Viburnum sp., Viburnum sargentii Koehne, Viburnum 
trilobum Marshall (known by the alternate nameViburnum 
opulus L. var. americanum Ait.) were investigated. 
 
 
Molecular analyses  
 
DNA extraction 
 
Young leaves were collected from the tops of the shoots in 
May, 2012. Plant material was frozen using liquid nitrogen 
and kept at - 20 °C until DNA extraction. Total genomic DNA 
was extracted using the ZR Plant/Seed DNA Purification Kit 
(Zymo Research, USA), following the manufacturer’s 
instructions (ZR Plant/Seed DNA Kit: Protocol for isolation 
of DNA. Available at: http://www.zymoresearch.com/dna/ 
genomic-dna/soil-fecal-plant-dna/zr-plant-seed-dna 
miniprep. Accessed: 30-01-2014). The concentration and 
quality of DNA samples were estimated 
spectrophotometrically (NanoDROP 2000, USA) and by 
means of gel electrophoresis. 
 
 
SSR analyses 
 
A total of 11 SSR primer pairs, which were developed for V. 
dilatata (Dean et al., 2011), were selected and examined for 
a microsatellite analysis of Viburnum species to be made by 
means of the SST method. Six of them were suitable to 
genetic investigations into our selected Viburnum. The 
primer pairs (Metabion International AG, Germany; (Table 
1) were characterized making use of the resolving power of 
the primers.  

The polymerase chain reaction (PCR) was carried out in a 
total volume of 10 μl containing 4.96 μl PCR Master mix 
(0.05 U/μlTaq DNA Polymerase; 4 mM MgCl2; 0.4 mM each 
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dNTP; Thermo Scientific, Lithuania), 0.19 mM each primer, 
2.54 μl twice distilled water and 2 μl (5 ng) DNA. The PCR 
program was carried out in Mastercycler® Gradient 
(Eppendorf, Germany) according to the recommendations. 
PCR products denaturating electrophoresis was carried out 
in 4 x 36 cm capillaries (3130 and 3100-Avant Capillary 
Array, Applied Biosystems). The capillary electrophoresis 
data were collected by means of 3130 Data Collection 
software v3.1. 

The ability of SSR markers to distinguish the accessions 
was evaluated by calculating the resolving power of the 
primers (Rp): Rp = ∑ Ib and Ib = 1– [2 × (0.5– p)] where Ib 
is the allele informativeness and p is the proportion of the 
accessions sharing the I allele (Gilbert et al., 1999). 

The dendrogram of genetic relationships among 11 
Viburnum opulus accessions at 6 simple sequence repeat 
loci was constructed using the unweighted pair-group 
method with the arithmetic means (UPGMA) algorithm and 
genetic distances. Genetic distances (GDxy) between the 
accessions were calculated according to Nei and Li (1979): 
GDxy = 1–2 Nxy / (Nx + Ny), where Nxy is the number of 
common bands in x and y, Nx is the number of total bands 
in individual x, and Ny is the number of total bands in 
individual y. The dendrogram was constructed with the 
help of TREECON software for Windows (Van De Peer and 
Watcher 1994). 
 
 

Biochemical analyses  
 
Investigations into some secondary metabolites were 
conducted when the fruit were technically fully ripe. The 
total number of phenolic compounds was determined by 
means of the Folin-Ciocalteu reagent (Slinkardand 
Singleton 1977). After incubation at 20 °C for 1.0 h the 
absorption of the samples was measured at 765 nm using 
the Genesys10 UV/V spectrophotometer. The results were 
expressed in terms of mg of gallic acid equivalent (GAE) per 
100 g of net weight. The pigments were extracted using 
ethanol acidified by 0.1 M HCl (Rubinskienė et al., 2005). 
The anthocyanin concentration was estimated as cyanidin 
3-glucoside at 530 nm using the molar absorptivity 
coefficient of 26900 and expressed in mg per 100 g of net 
weight (Giusti and Wrolstad 2001).  

The standardized data matrix was used to generate the 
similarity indexes based on Euclidean distances. The cluster 
analysis was carried out by the Unweighted Pair Group 
Method Arithmetic Average (UPGMA) technique using the 
program Statistics 5. 
 
 
Genotoxicity analyses  
 
The Ames Salmonella/microsome test 
 
The direct plate incorporation method using histidine- 

 
 
 
dependent Salmonella typhimurium TA98 and TA100 
strains was conducted in accordance with Mortelmans and 
Zeiger (2000). The tester strains were treated with 
lyophilized fruit juice dissolved in sterile distilled water in 
the presence and absence of the post-mitochondrial 
fraction (S9) of rat liver homogenate. Distilled water was 
used as negative control and 2-aminoanthracene, sodium 
azide and daunomycin served as positive controls. Moltox 
products (Trinova Biochem, Germany) were used for the 
Ames test in the present study. The plates were incubated 
at 37 °C for 48 h and revertant colonies were counted by 
the Sorcerer colony automatic counter (Perceptive 
Instruments, UK). The experiments were set in triplicate 
and the results are presented as the mean (M) of 3 plates 
with a standard deviation (SD). To interpret the results of 
the Ames test as positive, the number of induced mutations 
should be at least twice as strong as the activity observed in 
the negative control and the dose response curve should be 
reproducible (OECD guidelines, 1997).  
 
 

Comet assay 
 
The Comet assay is also called a single cell gel 
electrophoresis (SCGE) assay. The comet assay was 
conducted applying the methods proposed by Singh et al. 
(1988) with minor modifications (Oliveand Banath, 2006). 
Blood samples were obtained from three healthy 
volunteers, two females (donors F and J) and one male 
(donor M). Lymphocytes were isolated by centrifugation in 
Lymphoprep density gradient according to the 
manufacturer’s instructions (Axis-Shield, Norway). 
Following isolation, the cells were resuspended in RPMI 
1640 medium and incubated with the test material for 1 h 
at 37 °C. Negative (RPMI 1640 medium) and positive 
(hydrogen peroxide, 20 μM) controls were also included at 
the same temperature and the exposure time. Following 
incubation, the lymphocytes were centrifugated at 400 x g 
for 10 min., then the supernatant was drawn and the cells 
were resuspended in RPMI 1640 medium. Thereupon, 40 μl 
of cell suspension was mixed with 40 μlof 1% low melting 
point agarose (LMP), pipeted onto the slides precoated with 
1% normal melting point agarose (NMA) and covered with 
a cover slip. The agarose was allowed to solidify for 10 min. 
at 4 °C. The cover slip was then removed, and the next layer 
of 0.5% LMP agarose was added, covered with a cover slip 
and left to solidify for additional 10 min. at 4 °C. After the 
cover slips were taken off, the slides were immersed in a 
cold freshly prepared lysis solution (2.5 M NaCl, 100 mM 
Na2EDTA, 10 mMTris, with 1% Triton X-100 and 10% 
DMSO added just before use, pH 10) in the dark for 1.5 hour 
at 4 °C. Then the slides were removed from the lysis 
solution, and placed in a horizontal gel electrophoresis tank 
filled with an ice-cold fresh electrophoresis buffer (1 mM 
Na2EDTA and 300 mMNaOH, pH 13). The slides were left in 
the solution for 20 min to facilitate DNA unwinding, and
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then electrophoresis was carried out at 17 V and 300 mA 
for 30 min. After electrophoresis, the slides were 
neutralized with the Tris buffer (0.4 M Tris, pH 7.5), and 
stained with 80 µl ethidium bromide (20 µg/ml). The slides 
were examined by a single scorer using a fluorescence 
microscope (Nikon Eclipse 80i, Japan) under magnification 
of 400x. The image capture and the analysis were 
performed using Lucia Comet Assay Software (Laboratory 
Imaging, Czech Republic). In all cases 100 comets were 
scored and percentage of DNA in the tail (% TDNA) was 
used as the parameter of choice, because it covers the 
widest range of damage and it is linearly related to break 
frequency (Collins et al., 2008). 
 
 
Cytokinesis-block micronucleus assay 
 

The cytokinesis-block micronucleus method in 
lymphocytes with double nuclei:  method allows 
chromosome damages to be determined rapidly and 
effectively: MB is formed from chromosomes or their 
fragments that lag behind during anaphase when cells divide. 
The investigations were carried out by means of the 
cytokinesis-block micronucleus method in lymphocytes with 
double nuclei proposed by Fenech (2007) and following the 
criteria for MB identification specified by the authors. 
Peripheral blood from one healthy male donor was grown in 
HEPES-buffered RPMI 1640 medium supplemented with 
12 heat-inactivated newborn calf serum, 7.8 g/ml 
phytohemagglutinin P, 40 g/ml gentamycin (Sigma-Aldrich, 
USA). ). Cell cultures were incubated at 37 C for 72 h. 
Treatment with the test material was carried out 24 h after 
the culture initiation and lasted for 48 h. Cytochalasin B at a 
final concentration of 6 μg/ml was added to the cultures 44 h 
after phytohemagglutinin stimulation to arrest cytokinesis 
and induce binuclear cell formation. The cells were 
harvested, hypotonically swollen in 0.075 M KCl and fixed in 
methanol: acetic acid (5:1), air-dried and stained with 
Giemsa (5% in Sorensen buffer). All slides were coded and 
blind analyses were performed by a single scorer at 1000 x 
magnification under light microscope (Nikon Eclipse 80i, 
Japan). Following the scoring criteria of Fenech (2007) the 
presence of micronuclei (MN) was evaluated for 1000 
binucleated (BN) cells. For kinetic measurements of cell 
proliferation the nuclear division index (NDI) was calculated 
from 500 cells according to the formula: NDI= 
(M1+2M2+3M3+4M4) / N, where M1, M2, M3 and M4 
represent the number of cells with one, two, three and four 
nuclei, respectively, and N is the total number of cells scored.  
 
 
Statistical analysis 
 
The student’s two-sided t-test was used for the evaluation 
of micronuclei and the comet assay results, for comparing 

 
 
 
the different treatment groups, and z-test (Lazutka, 1991) 
for NDI analysis in human lymphocyte cultures. The level of 
reliance p < 0.05. The statistical analysis was performed 
using SPSS software version 12.  
 
 
Microbiological analyses 
 
Microorganisms 
 
Antimicrobial tests were performed with microorganisms 
from different groups (bacteria, yeasts and micromycetes). 
The following species were used: Enterococcus faecalis 2EL, 
Listeria monocytogenes10LR, Micrococcus sp. 1414, Bacillus 
macerans 22LB, Salmonella sp. 17L, Staphylococcus aureus 
5LL, Escherichia coli 18EL , Pseudomonas aeruginosa 24RL, 
Candida parapsilosis BICP1, Debaryomyce shansenii BID4T, 
Geotrichum fermentans BIG1, Yarrowialipolytica BIY6.1, 
Kluyveromyces marxianus BIK7.1T, Pichia fermentans 
BIP.12, Rhodotorula mucilaginosa BIRH6, Saccharomyces 
cerevisiae BIS1.5T, Torulaspora delbrueckii 
BIT1,ZygosaccharomycesbailiiBIZ.1T, Aspergillus niger 
11AL, Cladosporium sphaerosphermum 3-1L, Penicillium 
chrysogenum 18-1L. 
 
 
Investigation of antimicrobial activity 
 
Unripe berry mass and juice of ripe berries of V. sargentii 
Koehne, V. trilobum Marshall and V. opulus cultivar 
“Leningradskaya Otbornaja” were tested using the agar 
well diffusion method. The tests were performed with 2-
day old bacteria, 3-day old yeasts and 7-day old fungi. 
Suspensions of microorganisms were made in sterile 
distilled water. The concentration of bacterial and yeast 
suspensions were adjusted according to McFarland 
turbidity standard No 0.5. The concentration of fungal 
spores was standardized to 106/ml by using a 
hemacytometer. For cultivation of bacteria, Nutrient Agar 
(Liofilchem, Italy) was used, while Sabouraud agar 
(Liofilchem, Italy) was the medium used for the cultivation 
yeasts and other microscopic fungi.  

100 μl of respective suspensions was put onto agar plates 
and spread with sterile cotton swabs. Three wells (6 mm 
diameter) were made in each plate with the help of a sterile 
cork borer. 100 μl of mashed berries or berry juice was put 
into the wells. The plates with yeast were incubated at 26 to 
28°C for 3 days, those with fungi were incubated for 5 days 
and the plates containing bacteria were incubated at 37°C 
for 2 days. After the incubation, the diameter of the growth 
inhibition zone was measured (mm). The clear zones of 
inhibition were defined as the zones of a bactericidal or 
fungicidal activity of the berries under study, whereas they 
suppress the growth of microorganisms – the bacteriostatic 
or fungistatic effect. MS Excel 11 program was used to 
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Table 1. SSR primers applied for V. opulus, V. sargentii Koehne and V. trilobum Marshall and their resolving power. 
 

Locus 
Sequence of oligonucleotide primers 

(5‘→3’) 

Repeat 

motif 

Annealing 

temperature (C) 

Primer resolving 
power RP 

VD003 
F: TGGCTCAGTGCATTGAAGAATAG (CA)12 

 
55.6 5.16 

R: GCTGCATGCATCTTCAAATAGG 

     

VD005 
F: TTTTAAAACTTTGCACCCTTGCAC (CA)7 

 
55.6 4.91 

R: AGAATAAAGTCCAGCTCCCTGACC 

     

VD012 
F: TCGACTCTACATTCACTACCCTCC (AC)16 

 
58 4.73 

R: CATACGGGTATACGCACACATGC 

     

VD014 F: GCAAACCAAACCACACAAACAC (CT)6 
58 4.36 

 R: ATCTAGGTCGGCTGCTACTGATTG (CA)7 

     

VD016 
F: TACCCCTCACAAACACAAACACTG (AC)12 

 
58 6.18 

R: AACAATAATGGTGTGGGGTGTTG 

     

VD018 
F: CTTGCTCGATTTCCCTTATTTGTC (CA)16 

 
58 5.45 

R: ATCTCAAGCAAGTCTCACTCCCTC 

 
 
 
 
calculate the means (M) and standard deviations (SD) of the 
inhibition zones. 
 
 
RESULTS 
 
Characteristics of Viburnum accessions at SSR loci  
 
Six out of 11 tested primers were applicable for the 
microsatellite analysis. When investigating the accessions 
at 6 SSR loci, a total of 56 DNA fragments were discovered. 
The length of the amplified DNA fragments ranged from 50 
to 178 bp. The number of different bands produced ranged 
from 2 for the VD003primer to 18 for the VD012 primer. 
The ability of the 6 primers to differentiate V. opulus 
genotypes was assessed on the basis of Rp. The Rp values 
varied from 4,36 for primers VD014 to 6,18 for VD016. The 
primers with higher Rp values were capable of 
distinguishing more genotypes and had a larger number of 
polymorphic bands. 

According to SSR markers based dendrogram (Figure 1), 
V. sargentii Koehne and V. trilobum Marshall were most 
distinctive, while all other representatives of V. opulus were 
in the different branches of the genetic tree (the only 
exception was clone P2 that is more related to V. trilobum 
Marshall).  

A total of 22 unique DNA fragments were detected at 6 
SSR loci (Table 2) when analysing 11 Viburnum accessions. 

The number of unique fragments at separate loci ranged 
from 1 (for the VD003 marker) to 6 (for the VDO005 and 
VD018). The comparison of accessions according to the 
number of unique alleles revealed a largest number (5) for 
V. sargentii sargentii. Unique alleles were not documented 
for such V. opulus cultivars as “Kijevskaja Sodovaja”, 
“Upininkai” and P1 clone. 

According to SSR markers based dendrogram, V. sargentii 
Koehne and V. trilobum Marshall were the most distinctive 
(Figure 1).  
 
 
Concentration of antocyanins and phenolic compounds 
in fruit 
 
Almost all cultivars of V. opulus were attributed to the same 
branch of the genetic tree, with the exception of P2 clone of 
V. opulus, which is most similar to V. trilobum Marshall.  

Classification of Viburnum spp. accessions according to 
Simple Sequence Repeat markers was compared to the data 
obtained from biochemical analyzes of the fruit.  

Anthocyanin concentration in the fruit of Viburnum 
accessions ranged between 28.0 and 49.9 (mg / 100 g fresh 
mass). The most considerable differences were observed 
between V. trilobum Marshall and V. opulus 
“Leningradskaya Otbornaja”. 

The comparison of the dendrogram constructed on the 
basis of antocyanin concentration in berries (Figure 2A) 
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Figure 1. UPGMA dendrogram was constructed on the basis of 6 Simple Sequence Repeat loci showing genetic 
distances between 11 Viburnum accessions (Viburnum opulus cultivars 
‘KijevskayaSodovayaʼ,‘KrasnajaGrozdʼ,‘LeningradskajaOtbornajaʼ, ‘Souzgaʼ,‘Šukšinskajaʼ, ‘Upininkaiʼ ‘Zarnicaʼ 
and P1, P2 clones, Viburnum species, Viburnum sargentii Koehne, Viburnum trilobum Marshall). 

 
 
 

Table 2. Unique DNAfragments observed for Viburnum accessions per separate loci. 
 

Accessions of Viburnum  
DNA fragment length per separate SSR loci in bp 

VD003 VD005 VD012 VD014 VD016 VD018 

V. opulus cultivars and clones 

   ‘Kijevskaja Sodovajaʼ 
- - - - - - 

   ‘Krasnaja Grozdʼ - 89 111 - - - 

   ‘Leningradskaja Otbornajaʼ - 114 70 - - - 

   ‘Souzgaʼ - - - - 67 64 

   ‘Šukšinskajaʼ - - 67 - - - 

   ‘Upininkaiʼ - - - - - - 

   ‘Zarnicaʼ - 130 - 64 57 - 

   P1 - - - - - - 

   P2 - 116 82 60 - 97 

V. sargentiiKoehne  97, 105 50 163  104, 125, 141, 146 

 

 
 
showed that all the accessions split into 2 clusters, with V. 
trilobum Marshall, V. opulus cultivar “Upninkai” and clone 
P2 falling into the smaller one.  

The concentration of the total phenolic compounds in the 
fruit of Viburnum accessions ranged between 732.5 and 
1504 (mg/100 g fresh mass). The most significant 
differences were observed between V. opulus “Souzga” and 
V. sargentii Koehne.  

The dendrogram constructed according to total 
concentration of phenolic compounds (Figure 2B) showed 
that all the accessions split into 2 clusters, with V. opulus 
cultivars “Upninkai” and “Leningradskaya Otbornaya” 
falling into the smaller one.  

In the dendrogram based on SSR marker anayses, 10 out 
of 11 Viburnum accessions were grouped together in one 
cluster, while in the dendrogram based on anthocyanin 

concentration, 8 out of 11 were grouped together in one 
cluster and in the dendrogram based on total concentration 
of phenolic compounds, 9 out of 11 (Figure 1–2) were in the 
same cluster. The relations between the accessions in larger 
clusters differed in SSR, concentrations of anthocyanin and 
total phenolic compounds. 
 
 
Genotoxicity analyses 
 
In the present study, the genotoxic potential of lyophilized 
juices of V. opulus and V. sargentii Koehne fruit was 
evaluated using three endpoints: the alkaline single-cell gel 
electrophoresis (comet) assay, the cytokinesis-block 
micronucleus assay in human lymphocytes in vitro, and the 
Ames Salmonella/microsome mutagenicity test.  
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Figure 3. DNA percentage in the Comet tail (% TDNA) after exposure of human lymphocytes to different 
concentrations of lyophilised juices of V.opulus (a) and V. sargentii Koehne (b) fruit (*P <0,05). 
Note: donor F is a 23 year-old female; donor J is a 55 year-old female; donor M is a 25 year-old male).  
*p<0.05 as compared to control.  

 
 
 

Table 3. Induction of micronuclei (MN / 1000 binucleated cells) and nuclear division index (NDI) values in 
human blood lymphocytes treated with lyophilized juices of V.oplulus and V.sargentii Koehne fruit (Data 
presented as the mean (M) with a standard error of the mean (SEM)). 
 

Treatment  Concentration (µg/ml) 
MN 

M ± SEM 

NDI 

M ± SEM 

Blank 0 3.0±1.7 1.60±0.03 

    

V. opulus  

50 5.0±2.2 1.50±0.03 

100 5.0±2.2 1.50±0.03 

150 4.0±2.0 1.53±0.03 

200 4.0±2.0 1.24±0.02 

    

V. sargentii Koehne 

50 4.0±2.0 1.77±0.03 

100 7.0±2.6 1.51±0.03 

150 6.0±2.4 1.32±0.03 

200 7.0±2.6 1.49±0.03 
 

p<0.05 as compared with controls. 

 
 

The comet assay was performed on isolated lymphocytes 
of three healthy donors. Hydrogen peroxide (H2O2, 20 μM), 
which significantly increased the primary DNA damages in 
lymphocytes of all three donors (F, J and M) was used as 
positive control: percentage of DNA in the comet tail was 
45.9, 18.5 and 25.1%, respectively. Figure 3 shows the 
results of the comet assay after treatment of lymphocytes 
with lyophilized juices used at five concentrations (50-300 
μg/ml). Lyophilized juice of V. opulusfruit did not cause a 
statistically significant increase in the % TDNA (except for 
donor J at 300 μg/ml concentration). After treatment with 
lyophilized juice of V. sargentii Koehne fruit, a statistically 
significant increase in the % TDNA was found in 

lymphocytes of donor J treated with 50 and 300 μg/ml and 
in lymphocytes of donor M treated with 200 μg/ml 
concentration. No statistically significant increase in 
primary DNA damage was found in lymphocytes of donor F. 
It is worthy of note, that a significant decrease in primary 
DNA damage was determined in lymphocytes of donor J 
after treatment with both accessions of lyophilized juices at 
150 μg/ml concentration, and in lymphocytes of donors F 
and J treated with lyophilized juice of V. opulus fruit at  
100 μg/ml concentration.  

Lyophilized juices prepared from V. opulu sand V. 
sargentii Koehne fruit were not genotoxic in the 
micronucleus test (Table 3). However, a slight though 
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Table 4. Mean number of revertants induced by lyophilized juices of V.opulus and V.sargentiiKoehne fruit in Salmonella 
reverse mutation test using TA98 and TA100 strains in the absence or presence of S9 mix (Data presented as the mean of 
three plates (M) with standard deviation (SD)). 
 

Treatment, 

concentration (μg/plate) 

TA98  TA100 

-S9 +S9  -S9 +S9 

Negative control 17.0±2.8 20.3±0.6  80.5±0.3 72.5±9.2 

Positive control 719.2±21.9a 2667.0±130.1b  738.5±149.2c 2004.5±275.1b 

      

V. opulus   

100 28.7±5.5 19.3±2.9  80.7±11.0 62.0±9.0 

200 19.0±5.6 26.7±2.5  62.3±17.6 62.3±4.0 

300 20.0±1.0 22.7±6.4  78.0±6.1 57.3±0.6 

500 27.0±8.5 23.7±4.0  79.0±3.6 54.3±11.1 

      

V. sargentii Koehne   

100 20.7±4.0 29.0±4.6  62.0±20.3 77.3±12.7 

200 24.0±5.6 22.3±3.1  72.3±11.0 85.7±1.5 

300 26.7±1.2 31.0±6.1  75.7±14.5 86.0±22.9 

500 19.3±4.5 25.0±4.0  81.3±14.0 81.3±17.2 
 

(-S9) without and (+S9) with metabolic activation.  
Negative control –distilled water. 

 
 
 
significant decrease on the nuclear division index (NDI) 
values was determined. 

The Ames mutagenicity assay of lyophilized juices of V. 
opulus and V. sargentii Koehne fruit showed no significant 
increase in the number of revertant colonies in S. 
typhimurium TA98 and TA100 strains exposed to 
lyophilized fruit juices, with or without metabolic activation 
(Table 4).  

 
 

Microbiological analyses 
 
Effect of mashed unripe berries on microorganisms 
 
The results obtained showed that mashed berries of V. 
trilobum, V. sargentii and V. opulus cultivar “Leningradskaya  
Otbornaja” had bactericidal properties against the bacteria 
from Bacillus, Enterococcus, Escherichia, Listeria, 
Micrococcus, Pseudomonas, Salmonella and Staphylococcus 
genera (Table 5). Zones of inhibition growth of the bacteria 
were from 8.0 to 17.7 mm. Micrococcus sp. and S. aureus 
were the most susceptible bacteria to the mashed berries: 
their zones of inhibition ranged from 16.3 to 17.7 mm. It 
should be noted that no significantly reliable differences in 
all Viburnum sp. tested were detected. 

The investigation into the susceptibility of yeasts to 
mashed berries of Viburnum showed that V. trilobum 
Marshall had no effect on the tested yeasts, whereas berry 
mass of Viburnum sargentii Koehne and V. opulus cultivar 

“Leningradskaja Otbornaj”‘ inhibited the growth of D. 
hansenii: fungicidal zones reached up to 9.5 mm. No effect 
of berries of the latter two varieties on other yeasts was 
noticed. 

A slight effect of berry mass on micromycetes was also 
noticed – in most cases, the fungistatic activity was 
observed (the zones of the fungistatic activity were mainly 
about 8.0 mm). It was only berries of V. opulus cultivar 
“Leningradskaya Otbornaj” that showed an insignificant 
fungicidal effect (zones- 7.6 mm). 
 
 
Effect of juice of ripe berries on microorganisms 
 
Berry juice of all the varieties of Viburnum had a 
suppressing effect on the bacteria tested: both bactericidal 
and bacteristatic effects were observed (Table 5). V. 
sargentii Koehne showed bactericidal properties against 
the following bacteria: B. macerans, E. coli, L. 
monocitogenes, Micrococcus sp., Salmonella sp. V. 
opuluscultivar “Leningradskaya Otbornaja” – against B. 
macerans, E. faecalis, Micrococcus sp., Salmonella sp. and V. 
trilobum Marshall – against B. macerans, Micrococcus 
sp.,and  L. monocytogenes. Moreover, Micrococcus sp. was 
the most susceptible – the bactericidal zones were 14.7 to 
15.0 mm, and the bactericidal and bacteristatic zones of 
other bacteria were smaller - up to 9.7 mm. Juice of all 
Viburnum sp. had bactericidal properties against two 
bacteria Micrococcus sp. and B. macerans, whereas their 
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Table 5.Antimicrobial effect of different Viburnum species on microorganisms. 
 

Microorganisms 

Unripe berry mass Juice of ripe berries 

Viburnum 
trilobum 
Marshall 

Viburnum 
sargentii 
Koehne 

Viburnum 
opulus cultivar 

‘Leningradskaja 
Otbornaja’ 

Viburnum 
trilobum 
Marshall 

Viburnum 
sargentii 
Koehne 

Viburnum 
opulus cultivar 
Leningradskaja 

Otbornaja’ 

Inhibition zone, mm 

Bacillus macerans 10.7±±0.5 10.8±±0.3 13.7±±0.5 7.3±0.5 8.3±0.5 8.7±0.5 

Enterococcus faecalis 10.7±0.9 10.7±0.5 10.7±0.5 *7.2±0.3 *7.7±0.5 8.3±0.5 

Escherichia coli 11.0±0.4 9.5±0.9 12.7±1.0 0 7.3±0.5 0 

Listeria monocytogenes 9.0±0.5 8.7±0.5 10.3±0.5 6.7±0.5 7.3±0.5 *7.7±0.5 

Micrococcus sp. 17.7±0.5 10.0±0.9 16.3±0.5 15.0.±0.9 14.7±0.5 15.0±0.9 

Pseudomonas aeruginosa 8.0±2.3 11.3±0.5 8.7±0.5 0 *7.3±0.5 *7.7±0.5 

Salmonella sp. 11.7±0.5 11.3±0.5 11.7±0.5 *7.0±0 8.7±0.5 8.2±0.7 

Staphylococcus aureus 16.3±0.5 12.3±0.5 13.0±0.9 *9.7±0.5 *9.3±0.5 *7.7±0.5 

Candida parapsilosis 0 0 0 0 0 0 

Debaryomyces hansenii 0 5.5±0.5 9.5±0.5 7.8±0.4 10.5±0.5 8.5±0.5 

Geotrichum fermentans 0 0 0 8.6±0.3 0 0 

Yarrowia lipolytica 0 0 0 9.5±0.5 0 0 

Kluyveromyces marxianus 0 0 0 10.6±0.3 8.9±0.3 8.5±0.5 

Pichia fermentans 0 0 0 7.8±0.2 0 6.5±0.5 

Rhodotorula mucilaginosa 0 0 0 8.5±0.5 7.8±0.4 7.6±0.3 

Saccharomyces cerevisiae 0 0 0 9.9±0.3 6.7±0.3 7.5±0.5 

Torulaspora delbrueckii 0 0 0 10.5±0.5 10.5±0.5 8.5±0.5 

Zygosaccharomyces bailii 0 0 0 9.6±0.3 0 8.7±0.3 

Aspergillus niger 0 *7.6±0.3 7.6±0.3 0 0 0 

Cladosporium sphaerosphermum *8.0±0.3 *7.6±0.3 0 0 0 0 

Penicillium chrysogenum *7.6±0.3 0 0 0 0 0 
 

*–bacteristatic/fungistatic effect. 
Positive control - a  daunomycin, b  2-aminoanthracene, c  sodium azide. 

 
 
 
effect on other bacteria was variable – both bactericidal or 
bacteristatic activity was observed.  

In case of yeasts, the most significant fungicidal effect was 
exerted by berry juice of V. trilobum Marshall (zones 7.8 to 
10.6 mm) and slightly weaker effect was shown by V. opulus 
cultivar “Leningradskaya Otbornaja”(zones – up to 8.7 mm). 
Yeast T. delbrueckii was the most susceptible to the juice in 
this study (zones ranged from 8.5 to 10.5 mm). Juice had no 
effect on the growth of C. parapsilosis. Berry juice of the 
Viburnum sp. in this study showed no inhibitory effect on 
the growth of micromycetes. 
 
 
DISCUSSION 
 
Assigning Viburnum to larger systematic units, as well as 
phylogenetic relationships within the Viburnum genus, was 
among the most important and controversial issues of the 
recent decade in classifying angiosperms (Clement and 
Donoghue, 2012). Caprifoliaceae is a complicated family; its 

consequence was transfer of Sambucus spp. and Viburnum 
spp. to the Adoxaceae family (Spears, 2006). Different 
systematic relations within the Viburnum genus have been 
under considerations up to the present day. Some 
specialists attribute V. opulus to a complex species 
subdivided into varieties or subspecies: V. opulus subsp. / 
var. sargentii, V. opulus subsp./ var. trilobum and V. opulus 
subsp. / var. opulus. According to the analyses of 
chloroplast trnK intron and nuclear ribosomal ITS DNA, 
three mentioned groups of Viburnum are classified into 
separate clades and are attributed to separate species 
(Clement and Donoghue, 2012). In this study, 
microsatellite-based dendrogram singled out V. sargentii 
Koehne as the most distinct species and V. trilobus was 
rated second. These two genotypes did not mix with any 
cultivar or clones belonging to V. opulus species. This shows 
that microevolutionary processes might be reflected at SSR 
loci and can be used as a supplementary tool in classifying 
the Viburnum sp. 

As compared with other molecular techniques such as
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Simple Sequence Repeat markers, the said technique is 
relatively inexpensive when information about the primers 
is available (Debnath et al., 2012). It is not always possible 
to adapt primers created for one genus species to another 
one (Dossett et al., 2010). Sometimes, it does not work 
(Kupcinskiene, et al., 2013) and in other cases, it does (Li et 
al., 2008). The SSR primers developed for another species 
(V. dilatatum; Dean et al., 2011) were used in this research. 
Six out of 11 primers were amplified when investigating the 
DNA of V. sargentii Koehne, V. trilobum Marshall and V. 
opulus. The chosen microsatellite markers showed 
polymorphism existing between V. opulus cultivars. The use 
of microsatellite markers is also possible during the 
selection of seedling populations, seeking to determine a 
successful degree of crosses and in identifying crosses 
between different Viburnum accessions. 

When the molecular relationships between Viburnum 
genotypes were compared, a different picture was obtained 
having constructed the dendrogram on the basis of 
anthocyanin concentration or the dendrogram constructed 
on the basis of the total phenolic concentration. 

The non-coding regions of the genome do not manifest 
themselves phenotypically and therefore, a discrepancy 
between the chemical and molecular diversity can be 
observed (Debnath and Ricard 2009). A weak relationship 
between molecular SSR differences and biochemical 
properties distances based on SSR markers and 
biochemical properties most probably mean that these 
markers are in different loci of the genome. García (2002) 
failed to detect a relationship between morphological and 
SSR genotypes of Viburnum. The analysis of genetic 
diversity of strawberry genotypes using ISSR markers is at 
variance with those who investigated the antioxidant 
activity of strawberry genotypes (Debnath et al., 2012). 

Taking into consideration the limited resources in 
investigating Viburnum accessions at a molecular level, the 
present study demonstrated the benefit of SSR markers 
when analysed simultaneously using coding chemical 
markers as potential quality-assurance tools in identifying 
and determining different genotypes. It also helps to 
determine the genetic diversity of Viburnum accessions 

Some Viburnum sp. contain large amounts of 
polyphenolics (Česonienėet al., 2010; Kraujalytė et al., 
2013), which have a positive effect on health, anti-
inflammatory properties and also improve the redox status 
in a human organism. Moreover, majority of plants also 
have toxic and genotoxic compounds. However, 
polyphenolic compounds, which are famous for their anti-
oxidant, anti-mutagenic and anti-cancer properties, might 
possess prooxidant and mutagenic properties when their 
concentrations are high (Mennen et al., 2005; Wan-Ibrahim 
et al., 2010). Thus, a wide use of plant-derived natural 
products, which are a rich source of antioxidant 
polyphenolics, causes concern about their toxicity. 
Numerous studies have been conducted to elucidate the  

 
 
 
genotoxic effects of the plants, which are used as 
components in traditional medicine. A large amount of the 
plants investigated were found to possess genotoxic and 
mutagenic properties in examining different testing 
systems: the extract of Melissa officinalis was genotoxic and 
mutagenic in the bacterial SOS chromotest and Ames test 
(Alves et al., 2009), the extract of Helichrysum simillinum 
was found to be genotoxic in the Ames test and in 
cytochalasin B micronucleus and alkaline comet assays in 
human lymphocytes in vitro (Verschaeveand Van Staden, 
2008). The reversion test in bacteria, sister chromatid 
exchange, micronuclei and sperm-shape abnormality 
assays in mice revealed the genotoxic potential of Punica 
granatum in all fruit extract both in vitro and in vivo 
(Sanchez-Lamar et al., 2008). In a study of twenty 
Malaysian edible plants for genotoxic effects on human 
lymphocytes, which actually employed the comet assay, it 
was found that the DNA severe damages occurred in two of 
them, moderate DNA damages were detected in nine of 
them, and nine mild DNA damages were determined in nine 
of them (Wan-Ibrahim et al., -2010). A strong positive 
correlation between the extent of DNA damage and the 
antioxidant activity was determined. On the other hand, the 
majority of plant extracts were not genotoxic and they even 
showed an antimutagenic potential. The experimental data 
showed that neither genetically modified nor non-
genetically modified papaya (Carica papaya) fruit were 
mutagenic in the Ames test, and they caused no 
chromosome aberrations in the cells of the Chinese hamster 
ovary (CHO-K1) in vitro and micronucleus in mice in vivo 
(Yen et al., 2008). Thee extracts of Bauhinias galpini and 
Chlerodendrum myricoides (Verschaeve and Van Staden, 
2008) were found to have antimutagenic properties.  

The genotoxic activity of lyophilized juice from two 
Viburnum accessions – V. opulus and V. sargenttii – was 
assessed in this study. As a result, the primary DNA damage 
(comet) and chromosome damage (micronucleus) tests in 
human lymphocytes in vitro, and gene mutation test (Ames) 
in bacteria were used. In this experimental study, juices did 
not increase the micronuclei frequency and primary DNA in 
human lymphocytes. Negative results were obtained in the 
Ames test as well, which indicates that juices did not 
produce reverse mutation in bacterial cells. Hence, the 
results showed that lyophilized juices of V. opulus and V. 
sargentii Koehne fruit were not genotoxic under the 
conditions of the present study.  

The increased demand for botanical products in growing 
industry requires their quality, safety and efficacy to be 
ensured. The investigation showed that bacteria were most 
sensitive among all the groups of microorganisms 
examined. Thus their growth was effected by both the 
unripe berry mass and ripe berry juices of V. opulus. It 
should be noted that a somewhat stronger antibacterial 
effect was observed in the case of unripe berries. A similar 
antibacterial effect of V. opulus was noticed by other 
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researchers as well. Bubulica et al. (2012) observed the 
inhibitory effect of V. opulus extracts on Staphylococcus 
aureus and S. epidermidis. The antimicrobial activity of 
methanol extracts (10-15%) of V. opulus dried fruits against 
ten pathogenic and spoilage bacteria was described by 
Sagdic et al. (2006). The antibacterial activity was also 
described in a study of fruit seed oil of V. opulus (Yilmaz et 
al., 2008). The results of this study showed that more 
reliable results were obtained with ripe berries than with 
unripe berry mass. Juices of V. trilobum were more effective 
than those of V. sargentii Koehne and V. opulus. Microscopic 
fungi were the most resistant to Viburnum juice, and only 
an insignificant response to the unripe berry mass of the 
microscopic fungi was observed. 
 
 
CONCLUSIONS 
 
This study should facilitate the use of biochemical analyses 
of fruits and SSR fingerprints for marker assisted 
applications in Viburnum breeding. The study identified 
several promising genotypes according to high 
concentrations of anthocyanins, and phenolic compounds 
also are good antimicrobial properties without genotoxic 
effect of lyophilized juices. 
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