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Abstract 

Methanol extracts obtained from the berries of three Symphoricarpos taxa 
(Caprifoliaceae) were used to determine their total phenols concentrations, and 
antioxidant and antimicrobial activities. According to our knowledge, total 
concentrations of phenolic compounds and antimicrobial activities for of S. × 
chenaultii and S. orbiculatus, as well as antioxidant activity of all three analyzed taxa 
are for the first time analyzed in this study. Based on obtained results, it was noticed 
that the highest average values of the total phenols, flavonoids and flavanols had 
methanol extracts of S. orbiculatus berries (3.525 mg GAE g-1 DW, and 11.037 and 
0.881 mg CE g-1 DW, respectively), while methanol extracts of S. albus berries had 
the lowest (1.430 mg GAE g-1 DW, and 4.154 and 0.211 mg CE g-1 DW respectively). 
Symphoricarpos orbiculatus extract (IC50 = 5.299 mg mL-1) possessed the highest 
antioxidant activity while the lowest had S. albus (IC50 = 20.017 mg mL-1). The 
methanol extracts of analyzed Symphoricarpos taxa showed no antifungal activity 
against C. albicans. Moderate antibacterial activity of S. albus methanol extract is 
determined against five tested bacterial strains (Bacillus vulgatus, Enterococcus 
faecalis, Pseudomonas aeruginosa, Salmonella abony, and Staphylococcus aureus), 
and S. × chenaultii extract showed a low antibacterial activity only against P. 
aeruginosa, B. vulgatus and S. aureus. Although S. orbiculatus methanolic extract had 
the highest antioxidant activity it did not show any antibacterial activity at all. 
Analyzed Symphoricarpos extracts are potentially effective and can be used as natural 
antioxidant and antimicrobial preparations against test microorganisms. 
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INTRODUCTION – Uvod 

Plants are able to synthesize variety of secondary metabolites with antioxidant and 
antimicrobial properties, whereby phenolics and phenolic-related compounds take up a 
very important place in medicine, pharmacology, food processing and cosmetics 
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industry (CROZIER et al., 2006; VERMERRIS and NICHOLSON, 2008). 
Accordingly, identification, valorisation and using of plant extracts with different 
bioactive properties are very intriguing objects for further researches. 

Genus Symphoricarpos (Caprifoliaceae; snowberry, waxberry, or ghostberry) 
comprises about 15 species of deciduous shrubs, native to Central and North America 
except one species in parts of China. Snowberries are ornamental shrubs, grown for 
their decorative berries and tremendous versatility (EVERETT, 1982; JACOBS et al., 
2009). 

All three analyzed taxa in this study [Symphoricarpos albus (L.) S.F.Blake 
(common snowberry), S. × chenaultii Rehder (Chenault coralberry; hybrid of S. 
microphyllus × S. orbiculatus) and S. orbiculatus Moench (coralberry, buckbrush or 
Indian currant)] are important food source for birds during winter seasone, used for 
erosion control and in ecological restoration projects on disturbed sites, and valuable 
ornamental plants (JONES, 1940; HESSAYON, 1994; VUKIĆEVIĆ, 1996). 

Although different parts of snowberries are used in traditional medicine in 
some countries, the phytochemical composition of the Symphoricarpos species is not 
sufficiently analyzed except for the S. albus (SZAUFER-HAJDRYCH and ZGÓRKA, 
2003 and literature cited therein; SZAUFER-HAJDRYCH and GOŚLIŃSKA, 2004; 
MALYI and KHVOROST, 2013). Symphoricarpos albus and S. occidentalis possess 
flavonoids and their glycosides, organic acids, oxidative phenols, hydroxycinnamic 
acids, coumarins, tannins, carbohydrates, pectins, iridoids, saponins, triterpenes, 
isoquinoline alkaloids and cholines (WILLUHN et al., 1983; HALLARD et al., 1998; 
SZAUFER-HAJDRYCH and ZGÓRKA, 2003; KIM et al., 2004; SZAUFER-HAJDRYCH 

and GOŚLIŃSKA, 2004; KOVALENKO et al., 2007; MAKAREVICH et al., 2009; MALYI 
and KHVOROST, 2013). 

It has been shown that various snowberries parts have diuretic, emetic, 
laxative, anti-inflammatory, and antimicrobial activity and are used to treat 
dermatological disorders (NICKELL, 1959; SEIGLER, 1998; MOERMAN, 1998; 
SZAUFER-HAJDRYCH and ZGÓRKA, 2003; SZAUFER-HAJDRICH and 

GOŚLIŃSKA, 2004; LANS et al., 2007; JURIKOVA et al., 2012), as well as that S. 
albus branches are used to eliminate endoparasites (LANS et al., 2007). 

The aims of this study were to determine total content of phenols, flavonoids 
and flavanols, and to evaluate antioxidant and antimicrobial activity of methanol 
extracts of berries of Symphoricarpos albus, S. × chenaultii and S. occidentalis. 

MATERIAL AND METHODS – Materijal i metode 

Plant material – Biljni materijal 

Berries of three individuals of all analyzed Symphoricarpos taxa were 
collected in two Sarajevo’s parks (the Great Park and park near Historical Museum of 
Bosnia and Herzegovina) during November of 2015. In the laboratory, berries were 
washed with running tap water, rinsed with distilled water and dried during 48 hours 
at 50-60C. Dried materials were grounded into powder by liquid nitrogen and stored 
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in glass bottles (4C) until extraction processes. Voucher specimens have been 
deposited in the herbarium of the Faculty of Forestry, University of Sarajevo. 

Chemicals and reagents – Hemikalije i reagensi 

Gallic acid, catechin and DPPH are HPLC purity, and other used chemicals 
and solvents were of analytical grade purchased from Sigma-Aldrich (Steinheim, 
Germany). 

Methanol extracts preparation – Pripremanje metanolnih ekstrakata 

Powdered dry berries (0.08 g) were extracted with 80% aqueous methanol (2 x 
4 mL) in an ultrasonic bath (Elmasonic S 60H) for 30 minutes. Extracts were then 
centrifuged at 2,000 rpm for 15 minutes (Centric 322 B, Techtnica). Obtained 
supernatants were combined, filtrated and volume of the extract was adjusted with 
extraction mixture up to 8 mL, and evaporated to dryness. Such obtained residues 
were stored at 4°C until further use. The solid residues were resuspended in 80% 
aqueous methanol to obtained 10 mg mL-1 concentration. For determination of 
phenolic contents and antioxidant activity of all methanol extracts is used Shimadzu 
UV-mini 1240 spectrophotometer. All values are presented as means of triplicate 
analyses. 

Determination of total phenols – Određivanje ukupnih fenola 

The amount of total phenolic content in extracts was determined according to 
the modified Folin-Ciocalteu procedure (WOLFE et al., 2003). Diluted methanol 
sample (20 μL) was mixed with 100 μL of Folin-Ciocalteu’s reagent and 300 μL of 
freshly prepared sodium carbonate solution (7.5%). After homogenisation, the samples 
were incubated for 30 minutes at 45°C in water bath. The absorbance of the coloured 
solvents was measured at 765 nm against the blank and calibration curve was prepared 
with gallic acid as a standard. Total phenolic content was expressed as mg of gallic 
acid equivalents per gram of dry plant sample (mg GAE g-1). 

Determination of total flavonoids – Određivanje ukupnih flavonoida 

Determination of total flavonoid content was done using modified method of 
ORDOÑEZ et al. (2006). Diluted methanol extract aliquots (20 μL) were mixed with 
105 μL of distilled water, 25 μL of 10% aluminium chloride water solution and 25 μL 
of 1M sodium acetate water solution, followed by the addition of 700 μL of distilled 
water and 375 μL 96% of methanol. After homogenization, the mixtures were 
incubated at room temperature for 20 minutes. The absorbance of coloured samples 
was measured at 415 nm against the blank. Total flavonoid content was expressed as 
mg of catechin equivalent per gram of dry sample (mg CE g-1). 

Determination of total flavanols – Određivanje ukupnih flavanola 

Determination of total flavanols was carried out using modified GADZOVSKA 

et al. (2007) method. Analysed methanol samples (200 μL) are mixed with 1000 μL of 
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0.1% DMACA reagent (p-(Dimethylamino)cinnamaldehyde) and mixtures were 
incubated for 10 minutes at room temperature. Absorbance was measured at 640 nm 
against the blank. The results were expressed as catechin equivalents per gram of dry 
sample (mg CE g-1). 

Determination of antioxidant activity by DPPH method – Određivanje 
antioksidativne aktivnosti DPPH metodom 

The total antioxidant activity of methanol extracts of berries was measured by 
DPPH free radical scavenging modified method by MEDA et al. (2005). Aliquots of 
diluted methanol extracts were mixed with freshly prepared ethanol DPPH solution 
and incubated for 30 minutes at room temperature in the dark. The absorbance of the 
solutions was measured at 517 nm against 96% ethanol as a blank.  

The DPPH scavenging effect was calculated as follows: DPPH scavenging 
effect (%) = [(Aa − Ab)/Aa] × 100; in which Aa is the absorbance of DPPH blank, and 
Ab is the absorbance of DPPH with sample in different concentrations. The antioxidant 
activity was expressed as half maximal inhibition concentration (IC50), calculated 
graphically based on the calibration curves for each sample. The lower IC50 values 
indicated the higher antioxidant activity in the methanol extracts. 

Estimation of antimicrobial activity – Procjena antimikrobne aktivnosti 

Antimicrobial activity of analyzed methanol extracts against gram positive 
(Bacillus vulgatus ATCC® 8482TM, Enterococcus faecalis ATCC® 19433TM and 
Staphylococcus aureus ATCC® 6538TM) and gram negative (Pseudomonas aeruginosa 
ATCC® 9027TM and Salmonella abony NCTC® 6017TM) bacteria and one fungus 
Candida albicans ATCC® 10231TM was done by standard disc diffusion method 
(BAUER et al., 1966). 

Sterile Müeller Hinton and Sabouraud dextrose agars in Petri dishes were 
inoculated with 1 mL of bacterial and fungal suspension, respectively. Afterward, on 
the inoculated agars are placed sterile discs, 6 mm in diameter (Whatman Antibiotic 
Assay Discs), impregnated with 25 μL of methanol extracts. Disc with 80% methanol 
was used as blank control, and standard discs of Amoxicillin (Amx10mcg, HiMedia) 
and Nystatin (10.000U/mL, Semikem) served as positive antibiotic controls. The 
treated plates were incubated at 37°C for 24 hours after which antimicrobial activity 
was assessed by measuring the zone of growth inhibition around the discs. 

Statistical analysis – Statistička analiza 

Obtained data were performed with the SPSS statistical software program 
(IBM SPSS statistics 20, USA). Means were expressed with their standard errors and 
compared by one-way analysis of variance (ANOVA). To determine the significant 
differences between groups, after analysis of variance, Duncan’s post-hoc test was 
used at p<0.05. 
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RESULTS AND DISCUSSION – Rezultati i diskusija 

In methanol extracts of berries of analyzed Symphoricarpos taxa, the UV/VIS 
spectrophotometric method confirmed the presence of phenols, flavonoids, flavanols 
and antioxidant activity (Table 1). Methanol extracts of S. orbiculatus have had the 
highest mean values of total phenols, flavonoids and flavanols (3.525 mg GAE g-1 
DW, 11.037 and 0.881 mg CE g-1 DW, respectively), and S. albus the lowest (1.430 
mg GAE g-1 DW, 4.154 and 0.211 mg CE g-1 DW, respectively). The highest 
antioxidant activity was observed in S. orbiculatus (IC50 = 5.299 mg mL-1), and the 
lowest in S. albus (IC50 = 20.017 mg mL-1). 

Table 1. Basic descriptive parameters of phenolic compunds for analyzed Symphoricarpos 
berries [mg g-1 of dry weight; X±SD (%CV); X – average, SD – standard deviation, CV – 
coefficient of variation, IC50 – antioxidative activity (mg mL-1)]. 
Tabela 1. Osnovni deskriptivni parametri fenolnih jedinjenja za istraživane bobice biseraka 
[mg g-1 suhe materije; X±SD (%CV); X – srednja vrijednost, SD – standardna devijacija, CV – 
koeficijent varijacije, IC50 – antioksidativna aktivnost (mg mL-1)]. 

Parameter/ 
Taxon 

Phenolsa Flavonoidsb Flavanolsb IC50 

S. albus 
1.430±0.256 

(17.909) 
4.154±0.525 

(12.636) 
0.211±0.052 

(24.472) 
20.017±1.803 

(9.006) 

S. × chenaultii 
2.374±0.176 

(7.406) 
5.372±0.665 

(12.374) 
0.388±0.197 

(50.698) 
6.976±1.050 

(15.052) 

S. orbiculatus 
3.525±0.156 

(4.430) 
11.037±0.591 

(5.357) 
0.881±0.222 

(25.222) 
5.299±0.476 

(8.977) 

Note: a – expressed as mg g-1 GA (gallic acid), b – expressed as mg g-1 C (catechin) 
 
The presence of significant differences in concentrations of total phenols, 

flavonoids and flavanols, and antioxidative activity between snowberries analyzed    
(p <0.05) was confirmed by t-test. Also, the t-test confirmed that there were no 
statistically significant differences between the antioxidant activity of methanol 
samples of S. × chenaultii and S. orbiculatus. 

Table 2 shows the antimicrobial activity of methanol extracts of berries of the 
Symphoricarpos taxa analyzed. Methanol extracts of S. albus berries showed low to 
moderate antibacterial activity against test microorganisms but not antifungal activity 
against C. albicans. Reduced antimicrobial activity showed methanol extracts of S. × 
chenaultii against gram-negative Pseudomonas aeruginosa and gram-positive bacteria 
Bacillus vulgatus and Staphylococcus aureus. No antimicrobial activity against six 
treated microorganisms was observed after methanol extracts treatments of S. 
orbiculatus. 
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Table 2. Antimicrobial activity (expressed as zone of inhibition) of methanol extracts of berries 
of analyzed Symphoricarpos taxa against selected microbial strains (mean ± S.D., n = 3) 
Tabela 2. Antimikrobna aktivnost (izražena kao zona inhibicije) metanolnih ekstrakata bobica 
analiziranih vrsta Symphoricarpos protiv odabranih mikrobnih sojeva (srednja vrijednost ± 
S.D., n = 3) 

Extract 
The diameter of the inhibition zone (mm) 

CA BV EF PA SA SAu 

S. albus 
/ 9.15±0.17 8.85±0.14 

10.26±0.1
1 

9.36±0.12 
11.61±0.1

6 

S. × chenaultii 
/ 7.59±0.14 / 8.21±0.15 / 

11.30±0.1
8 

S. orbiculatus / / / / / / 

Note: CA – Candida albicans, BV – Bacillus vulgatus, EF – Enterococcus faecalis, PA – 
Pseudomonas aeruginosa, SA – Salmonella aboni, SAu – Staphylococcus aureus. 

 
DISCUSSION – Diskusija 

In a series of survival strategies, plants have the ability to produce more than 200,000 
highly variable and specialized chemical compounds, so-called secondary metabolites, 
which have no apparent role in the normal functioning of cells. However, these 
secondary metabolites have significant economic and medical value and there is great 
interest in their isolation and biological assessment (FABRICANT and 

FARNSWORTH, 2001; DINDA et al., 2011; LATTANZIO, 2013; WATSON, 2014). 

Content of total phenolic compounds analyzed – Sadržaj ukupnih analiziranih 
fenolnih jedinjenja 

Pharmacological characteristics of plants greatly determine their phenolic 
composition, which is highly dependent on genotype, phenophase and ecological 
conditions in which the individual lives. Most plants mainly produce relatively small 
concentrations of different phenolic compounds that can accumulate under extreme 
stress conditions (UV radiation, light intensity, drought and mineral deficiency) 
(DIXON and PAIVA, 1995; ORHAN et al., 2007; WATSON, 2014). However, the 
composition and activity of plant extracts depends on the plant species, the group of 
the synthesized compounds and their combinations and the method and type of solvent 
used (ZHENG and WANG, 2001; OREOPOULOU, 2003). Thus, using the Folin-
Ciocalteu method can not obtain complete quantitative and qualitative representation 
of total phenolic compounds in plant extracts (KÄHKÖNEN et al., 1999; SINGELTON 

et al., 1999; ZHENG and WANG, 2001; CAI et al., 2004; SPIRIDON et al., 2011; 
CIMMINO et al., 2013). JURIKOVA et al. (2012 and literature cited therein) state that 
the polyphenolic composition of six investigated Lonicera (Caprifoliaceae) species 
depends significantly on the species, but also on the geographic origin, ie. the 
ecological conditions in which the individuals lived. Although the berries of the 
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investigated Lonicera species were relatively rich in polyphenolic compounds, there 
was no regularity in their relationships, even within the same species.  

Except of Symphoricarpos albus, all other species of genus have, to date, been 
underestimated with the phytochemical point of view. In various parts of S. albus is 
determined the presence of organic acids, phenolic acids, oxidative phenols, 
hydroxycinnamic acids, flavonoids, coumarins, tannins, iridoids, saponins, sterols, 
triterpenes, carbohydrates, pectins and alkaloids (WILLUHN et al., 1983; HALLARD et 
al., 1998; SZAUFER-HAJDRYCH and ZGÓRKA, 2003 and literature cited therein; KIM 

et al., 2004; SZAUFER-HAJDRYCH and GOŚLIŃSKA, 2004; MALYI and KHVOROST, 
2013). MALYI and KHVOROST (2013) state that organic acids are the most common 
in leaves, oxidative phenols in shots and leaves, and flavonoids in leaves, while 
SZAUFER-HAJDRICH and GOŚLIŃSKA (2004) state that the flowers and fruits of S. 
albus have the highest concentration of phenolic acids. 

It is known that berries, as well as many other fruits, have a wide variety of 
phenolic compounds in various conjugate forms and have high antioxidative activity 
(JURIKOVA et al., 2012). In S. albus berries is measured relatively large water content 
(82-87%), and the presence of phenolic acids, carbohydrates and iridoides was found 
(MAKAREVICH et al., 2009 and literature cited therein). MAKAREVICH et al. (2009) 
isolated 12 compounds in the butanolic extract of dried berries, including secologanin, 
loganin, the aglycon of loganin and glucologanin. HALLARD et al. (1998) determined 
in S. albus var. laevigatus significantly lower amounts of secologanin than in the 
leaves of other species of Caprifoliaceae, while KIM et al. (2004) achieved the highest 
yield of secologanin in S. albus berries by ultrasonication with methanol. According to 
available literature, the contents of phenolic acids, carbohydrates, iridoids, with 
special emphasis on monoterpene glycoside are investigated in the S. albus berries 
(HALLARD et al., 1998; KIM et al., 2004; SZAUFER-HAJDRYCH and GOŚLIŃSKA, 
2004; MAKAREVICH et al., 2009), so the data obtained in this study are the first for 
this species. Obtained results in this study showed that S. albus berries had the lowest 
values of total phenols, flavonoids and flavanols (Table 1), which could, to some 
extent, be expected in terms of their white color (GLENNIE, 1969).  

According to our knowledge, determination of total phenolics of S. × 
chenaultii and S. orbiculatus is done for the first time in this study. It was noted that 
methanol extracts of berries of analyzed Symphoricarpos taxa were relatively poor in 
total flavanols, phenols and flavonoids, with the exception of S. orbiculatus, which 
had significantly higher concentrations of total flavonoids (Table 1). However, 
statistical analysis has shown that all three Symphoricarpos taxa differ significantly in 
polyphenolic composition, which could also be expected on the basis of different color 
intensity of their white and purplered berries. Therefore, S. × chenaultii and S. 
orbiculatus can represent a significant source of bioactive organic compounds. 

SMITH, (1977) showed that S. orbiculatus extracts have a negative 
allelopathic effect both on seed germination of some grasses, and on abnormal 
behavior of seedlings, since the shoot first appears and then the radical. Therefore, it is 
necessary to continue with more detailed research and identification of active 
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compounds of these taxa with regard to its use in folk medicine and cattle treatments 
(NICKELL, 1959; SZAUFER-HAJDRYCH and ZGÓRKA, 2003; LANS et al., 2007). 

Antioxidative activity of analyzed Symphoricarpos taxa – Antioksidativna 
aktivnost istraživanih svojti Symphoricarpos 

Although the antioxidant activity of plant extracts is very different due to their 
complex chemical composition, it is noted that it is, most often, significantly 
correlated with the presence and concentration of phenols and flavonoids (SHAHIDI et 
al., 1992; KÄHKÖNEN et al., 1999; PAGANGA et al., 1999; ROBARDS et al., 1999; 
SANCHEZ-MORENO et al., 1999; ZHENG and WANG, 2001; CAI et al., 2004; 
SPIRIDON et al., 2011). Namely, phenolic compounds contribute to higher quality and 
nutritional value of plants in terms of color, taste and flavor changes, forming and 
strengthening of antioxidant defense.  

Thus phenolic compounds, especially flavonoids, serve as defense 
mechanisms against reactive oxygen species (ROS), then in the process of survival 
and prevention of molecular damages, as well as damages induced by 
microorganisms, insects and plant species (JABERIAN et al., 2013; BABA and MALIK, 
2015). Therefore, the total phenol concentration can be used as a basis for a relatively 
fast checking of antioxidant activity (BABA and MALIK, 2015). 

However, the relationship between the antioxidant activity of the extract and 
the content of the total phenolic compounds is still largely unknown, because 
antioxidant compounds of the nonphenolic structure (eg. ascorbic acid, tocopherol, 
pigments and some minerals) are often present in the extracts. In fact, the antioxidant 
activity of plant extracts can not be predicted based on their total phenols content 
(KÄHKÖNEN et al., 1999; SINGELTON et al., 1999) because it depends on the 
concentration, structure and interaction (synergism / antagonism) between 
antioxidants (SANCHEZ-MORENO et al., 1999; SPIRIDON et al., 2011). 

According to available data, a relatively high antioxidant activity of methanol 
extracts of Symphoricarpos occidentalis Hook. seeds is only found (BORCHARDT et 
al., 2008), so data on the antioxidant activity of the extracts of the investigated 
snowberries taxa were presented in this study for the first time. Thus, methanol 
extracts of S. albus berries showed statistically significant and relatively low 
antioxidant activity (Table 2) relative to S. × chenaultii and S. orbiculatus.  

Obviously, phenolic compounds analyzed in this study are not individually 
responsible for this characteristic but their antioxidant activity is the possible 
consequence of 1) the chemical structure of the phenolic compounds, 2) the various 
combinations and concentrations of the phenolic compounds or 3) the presence and 
activity of another, in this study, unexplored compound(s). Namely, according to 
SHARIFIFAR et al. (2008), the antioxidant activity of flavonoids, which are most 
conducive to the antioxidant nature of plant extracts, mainly depends on the structure 
and substitution pattern of hydroxyl groups. Therefore it would be advisable to deepen 
the research on the high antioxidative activity of extracts of analyzed Symphoricarpos 
berries with some other methods and to isolate their constituent active compounds. 
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Antibacterial and antifungal activity of analyzed snowberries taxa – 
Antibakterijska i antifungalna aktivnost istraživanih svojti biseraka 

Plants are intensively explored, primarily based on ethnobotanical data, to 
confirm their antimicrobial properties and to isolate new compounds with these 
properties (LIMA-FILHO and CORDEIRO, 2014). Many authors agree that plant 
antibacterial activity is a consequence of the action of various chemical agents (active 
antimicrobial compounds) in their extracts, including essential oils, flavonoids, 
triterpenoids, other phenolic nature compounds and free hydroxyl compounds 
(MORRIS et al., 1979; CAKIR et al., 2004; SARAVANAKUMAR et al., 2014). In fact, a 
very large influence on the antibacterial activity of a plant extract has its concentration 
and type of extractive solvent, with water-methanol extracts showing better 
antimicrobial activity than water (JABERIAN et al., 2013). In addition, ALO et al. 
(2012) indicate that the antimicrobial properties of plant extracts are affected by the 
age of the plant used, freshness of plant material, physical factors (eg. temperature), 
microbial contamination in the field and manipulation errors. According to JABERIAN 

et al. (2013 and literature cited therein), there is a correlation between antimicrobial 
activity and chemical composition of the extract, whereby alkaloid, phenolic and 
saponine compounds in plants can, in most cases, inhibit growth of microorganisms. 

In general, plant polyphenols are considered to have antimicrobial activity as 
they are capable to reduce growth or propagation of microorganisms (BABA and 

MALIK, 2015; BORRÁS-LINARES et al., 2015). However, although antimicrobial 
activity is most likely attributable to the presence of specific phenolic compounds in 
the extracts and the possible existence of synergistic effects with other nonphenolic 
compounds, high values of total phenolic compounds are not always correlated with 
high antimicrobial activity (BORRÁS-LINARES et al., 2015).  

According to available data, Symphoricarpos antimicrobial activity was 
relatively poorly investigated. NICKELL, (1959) states that sap of complete individuals 
of S. albus has antibacterial activity against gram-negative and gram-positive bacteria. 
Also, the same author states that S. racemosus Michx. has antibacterial activity against 
gram-negative and gram-positive bacteria, but without information on what the 
solvent, plant part and bacterial strains are used. SZAUFER-HAJDRYCH and 

GOŚLIŃSKA (2004) demonstrated that there is a positive correlation between the 
concentration of phenolic acids in water extracts of leaves, flowers and berries of S. 
albus and their antimicrobial activity on a six tested bacteria and fungi, whereby berry 
extracts had the strongest activity. 

In this study, methanol extracts of berries of S. albus showed moderate 
antibacterial activity against five analyzed bacterial strains (Table 2), and of S. × 
chenaultii only against three strains. Although S. orbiculatus had the highest 
antioxidant activity it did not show any antibacterial activity at all. All three 
Symphoricarpos taxa did not exhibit antimicrobial properties against C. albicans. In 
comparison to the presented data of SZAUFER-HAJDRYCH and GOŚLIŃSKA (2004), 
antibacterial activity of berries extract of S. albus against S. aureus and P. aeruginosa 
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is confirmed in this study, but not its antifungal activity against C. albicans. Possible 
reasons for this are most probably the collection of plant material in different 
phenophase, different ecological conditions in which analyzed individuals lived, 
applications of different concentrations of methanol extracts and possible synergistic / 
antagonistic effect of the present compounds in the extracts. Therefore, it is necessary 
to isolate active compounds and evaluate their antimicrobial activity, individually or in 
a variety of combinations, in the future. 

 

CONCLUSIONS – Zaključci 

The results obtained in this study show that the investigated species 
Symphoricarpos albus, S. × chenaultii and S. orbiculatus represent a potential source 
of bioactive compounds that are still not sufficiently explored. The methanol extracts 
of berries of Symphoricarpos taxa analyzed are relatively poor in total phenols, 
flavonoids and flavanols, with the exception of S. orbiculatus. The methanol extracts 
of berries of Symphoricarpos orbiculatus, with the highest mean values of total 
phenols, flavonoids and flavanols, had relatively high antioxidant activity, which is 
why detailed analysis into the dependence of antioxidant activity on other present 
bioactive compounds is necessary. The methanol extracts of S. albus had moderate 
antibacterial activity against five analyzed bacterial strains (Bacillus vulgatus, 
Enterococcus faecalis, Pseudomonas aeruginosa, Salmonella abony and 
Staphylococcus aureus) and extract of  S. × chenaultii had only against three strains 
(B. vulgatus, P. aeruginosa and S aureus). Although S. orbiculatus had the highest 
antioxidant activity it did not show any antibacterial activity at all. No antifungal 
activity of methanol extracts of the investigated Symphoricarpos taxa versus C. 
albicans was demonstrated in this study. 
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SAŽETAK 

Dobiveni rezultati u ovoj studiji pokazuju da istraživane svojte 
Symphoricarpos albus, S. × chenaultii i S. orbiculatus predstavljaju potencijalni izvor 
bioaktivnih jedinjenja koja još uvijek nisu dovoljno istražena. Metanolni ekstrakti 
bobica analiziranih svojti Symphoricarpos su relativno siromašni ukupnim fenolima 
flavonoidima i flavanolima, sa izuzetkom S. orbiculatus. Metanolni ekstrakti bobica S. 
orbiculatus sa najvišom srednjom vrijednošću ukupnih fenola, flavonoida i flavanola 
imaju relativno visoku antioksidativnu aktivnost, pa su neophodna detaljna 
istraživanja zavisnosti antioksidativne aktivnosti od drugih bioaktivnih jedinjenja. 
Metanolni ekstrakti plodova S. albus imaju umjerenu antibakterijsku aktivnost protiv 
pet analiziranih bakterijskih sojeva (Bacillus vulgatus, Enterococcus faecalis, 
Pseudomonas aeruginosa, Salmonella abony i Staphylococcus aureus), S. × chenaultii 
samo protiv tri soja (B. vulgatus, P. aeruginosa i S. aureus). Iako je S. orbiculatus 
imao najveću antioksidativnu aktivnost, on nije pokazao nikakvu antimikrobnu 
aktivnost. Ovim istraživanjem nije dokazana antifungalna aktivnost metanolnih 
ekstrakata plodova istraživanih svojti Symphoricarpos protiv C. albicans. 
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