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Abstract

The antimicrobial and antifungal activities of the methanol extracts from 5 different wild small ber-
ries fruits originating from Bulgaria and collected in 2012 were evaluated against selected Gram-positive
and Gram-negative bacteria as well as the fungus Candida albicans by agar diffusion method. Microbial
growth was measured by the microdilution test. The antioxidant potential of the same extracts was deter-
mined by two complementary methods - DPPH-radical scavenging test and superoxide-anion scavenging
assay. Different bacterial species exhibit varying sensitivities towards total extracts, but all extracts exhib-
ited a strong antioxidant capacity. No antifungal activity was found in all examined berry extracts.

In general, the wild Bulgarian berry fruits are a good source of antioxidant compounds with defined
antimicrobial properties and can be used as a potential value-added ingredient in the food, cosmetic and
pharmaceutical industry.

Koo4oBu 1ymu: 1uBYM qpeOHU TOPCKHU TUIOA0BE, aHTUMUKPOOHA aKTUBHOCT, aHTHOKCHIAHTHA aKTHBHOCT

Pe3rome

AHTUMUKpOOHATa U aHTUMUKOTUYHA aKTUBHOCTH Ha METAHOJIHHU €KCTPAKTH OT 5 pa3iuyHHU BUIA
JUBOpACTAIIM JApeOHU TOpCKH IuionoBe, chOpanu mpe3 2012 1. Ha Tepuropusita Ha bbarapus, Osxa
U3CIIeBaHN BbpXy W30paHu [pam monoxutenHu u I[pam orpumarenHu OakTepuu W (QyHTH OT poxaa
Candida albicans ¢ nmomomra Ha arap-audy3uoHEeH MeToa. MHKPOOHHUAT pacTex Oelie HU3MepeH ¢
MHUKPOTHTBHPEH TECT. AHTHOKCHIAHTHHUS MMOTEHIMAI Oellie ONpesesieH Mo JBa KOMIJIEMEHTAapHU METO/IA -
DPPH-panukan u cynepokcua-aHHOH ynaBslla akTUBHOCT. Pa3innuHuTe OakTepuaiHU BUAOBE MOKazaxa
pa3iryHa YyBCTBUTEIHOCT CIPSIMO TOTATHUTE EKCTPAKTH, BCHUKH OT KOUTO UMaxa CHJIHA aHTHUOKCHIaHTHA
akTBHOCT. He Gerie ycTaHOBeHa aHTUMUKOTHYHA aKTUBHOCT MPH HUTO €IHMH OT U3CIICIBAHUTE €KCTPAKTH.

B 3akmrouenue, TMBOpacTANIUTE OBIATapCK TOPCKH IUIOI0BE ca JOOBP U3TOYHUK HA aHTHOKCUIAHTH
¢ nepuHUpaHN aHTUMUKPOOHHU CBOMCTBA M Morar Ja ObJaT M3MOJI3BaHU KaTO MOTEHIMAIHU MPOAYKTH C
BHCOKa J00aBeHa CTOMHOCT BB (hapMalleBTUYHATA HHAYCTPHSI.

Introduction

Berries are traditional part of the European  stances like vitamins (ascorbic acid, vitamins A
diet and represent good sources of beneficial bio-  and E), phenolic compounds (flavonoids, phenolic
logically active compounds, which may play anim-  acids, lignans, and polymeric tannins), titratable

portant role in the maintenance of the human health ~ acids, sugars, anthocyanins, essential oils, carote-
(Howell, 2002; Puupponen-Pimia ef al., 2001; Rau-  noids, minerals, fibres etc. (Lee et al., 2012; Nile
ha et al., 2000). Wild berries are distinguished by  and Park, 2014; Nohynek et al., 2006; Paredes-Lo-
a wide spectrum of pharmacologically active sub-  pez and Valverde, 2012). The beneficial preventive
and therapeutic effects of these compounds for hu-
man health have been known from at least the 16™
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investigated and documented (Ayachi et al., 2009;
Kéhkonen et al., 2001; Nakajima et al., 2004; Pan-
ico et al., 2009; Ribera et al., 2010; Rufino et al.,
2010; Vasco et al., 2008) due to their high potential
for use in the food, cosmetic and pharmaceutical
industry. Recently, there is an increasing interest to
measure the antimicrobial and antioxidant capacity
of different berries (Ayachi et al., 2009; Panico et
al., 2009; Vasco et al., 2008).

Among the berries, lingonberries, blackcur-
rant, cloudberries, red raspberries, strawberries,
blackberry, and bilberries possess clear antimicro-
bial effects against various human pathogens. Berry
ellagitannins (ETs) are strong antimicrobial agents
acting as possible anti-adherence compounds in
preventing the colonization and infection by many
pathogens (Nile and Park, 2014). Several studies
have shown the capacity of berry fruits’ extracts
to inhibit the growth of food-borne, urinary tract
and skin pathogens such as Salmonella, Enterococ-
cus, Staphylococcus and Streptococcus sp., E. coli,
Mycobacterium phlei and Neisseria meningitidis,
as well as pathogenic fungi such as Candida albi-
cans (Cavanagh et al., 2003; Toivanen et al., 2011).
Lingonberries (Vaccinium vitis-idaea) products are
most commonly applied for prevention and treat-
ment of urinary tract infections caused by uropath-
ogenic E. coli being included in the composition
of multiple dietary supplements (Cesoniené et al.,
2009; Wojnicz et al., 2012). They possessed antimi-
crobial activity also on a wide range of other human
pathogenic bacteria, both Gram-negative (Salmo-
nella typhimurium) and Gram-positive (Enterococ-
cus faecalis, Listeria monocytogenes, Staphylococ-
cus aureus, and Bacillus subtilis) (Cesonien¢ et al.,
2009). In addition, purified flavonol glycosides and
procyanidins isolated from V. vitis-idaea inhibited
biofilm formation of Streptococcus mutans, a hu-
man oral pathogen routinely associated with the
formation of human dental caries (Riihinen et al.,
2014). Berry juices from Ribes species demonstrat-
ed antifungal properties against human pathogenic
Candida species (Krisch et al., 2009). Crude ex-
tracts from Ribes nigrum fruits displayed antiviral
activity against herpes and influenza viruses (Krisch
et al., 2009; Roschek et al., 2009). Rubus idaeus
L. extracts are traditionally used in eastern parts of
Europe as herbal remedy in common cold, fever
and flu-like infections. Recent studies revealed that
young shoots of R. idaeus stand out as a valuable
source of sanguiin H-6 and ellagic acid, thus pos-
sessing antioxidative, antimicrobial and cytotoxic
properties (Denev et al., 2014; Krauze-Baranowska
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etal.,2014).

Phytochemicals such as flavonoids and other
phenolics may have antioxidant activity that helps
protect cells against the oxidative damage caused
by free radicals (Nile and Park, 2014). Due to a high
content and wide diversity of phenolic compounds,
berries exhibit high biological activity against free
radicals, including superoxide radicals, hydrogen
peroxide, hydroxyl radicals, and singlet oxygen
(Panico et al., 2009) reducing the oxidative damage
of human cells (Bazzano et al., 2003). The major
contribution to the antioxidant capacity of berries
of the genus Rubus and Fragaria are the ellagitan-
nins, which represent between 51% and 88% of
all phenolic compounds depending on the growth
and stress conditions (Jimenez-Garcia et al., 2012).
Blackberry and strawberry phenolic compounds
are known for their protective effects on age-re-
lated neurodegenerative diseases and bone loss in
vivo and can inhibit low-density lipoprotein and li-
posomal oxidation in vitro (Giampieri et al., 2012;
Kaume et al., 2012). Strawberry fruits also demon-
strate scavenging effect against radicals thus pre-
venting lipid peroxidation in in vitro experiments
(Giampieri et al., 2012; Ozsahin et al., 2012).

The antimicrobial and antioxidant properties
of cultivated plants are usually well documented
in difference to the wild plants. However, the lit-
erature data indicate that wild berry fruits possess
higher concentration of sugar, organic and phenolic
compounds than the cultivated and domesticated
cultivars of the same species or genus (Bunea et al.,
2011; Mikulic-Petkovsek et al., 2012). Differenc-
es between investigated cultivars and wild plants
are usually based on geographic region, genotype,
growing season, maturity, period of harvesting,
etc. Giovanelli and Buratti (2009) reported that the
antioxidant activity of wild Italian blueberries is
much higher as compared to cultivated ones. Un-
fortunately, the beneficial biological properties of
wild small fruits are poorly investigated by now
and there are only few scientific reports available
about their antimicrobial and antioxidant activities.
Further detailed studies are required in order to elu-
cidate their pharmacological potential.

The consumption of small wild berries has
been a long time tradition in Bulgaria, especially
in the mountain areas where they have been used
in folk medicine as water extracts and dried fruits
(Dimkov, 2001). It should be noted that the infor-
mation of the antimicrobial and antioxidant prop-
erties of the Bulgarian berries is scare in general.
Therefore, the principal objective of this study was



to provide data about the in vitro antimicrobial
and antioxidant activity of the total extracts from
5 different wild berries fruits (blackberries, straw-
berries, raspberries, lingonberries, and bilberries)
naturally growing in Bulgaria.

Material and Methods
Plant Collection

Fruits of blackberries (Rubus ursinus), straw-
berries (Fragaria vesca), raspberries (Rubus idae-
us L.), lingonberries (Vaccinium vitis — idaea) and
bilberries (Vaccinium myrtillus) were collected in
2012, in west Rhodope mountain (nearby Bozyo-
va GPS: 41°55°51.73“N; 23°46°14.98“E; altitude:
1600 m). The samples were freeze-dried, ground
and stored at —80°C prior to extraction.

Chemicals

DPPH, nitro blue tetrazolium (NBT), me-
thionine, riboflavin, NaCN, superoxide dismutase
(SOD) from bovine erytrocytes and caffeic acid
were provided by Sigma-Aldrich Chemie GmbH,
Deisenhofen, Germany.

Extraction Procedure

Frozen wild berry fruits were used for prepa-
ration of total methanol extracts. The samples of
wild berry fruits were placed in 1 L round bottom
flasks and lyophilized. Determined standard quan-
tity of lyophilized powder of each sample was
moistened with methanol in ratio 1:20, stirred and
kept in the dark at a room temperature 24 h. Then
a second extraction under the same conditions was
carried out.

Individual extracts of wild berry fruits were
filtered through a filter paper and both filtrates of
each sample were mixed and concentrated under
vacuum at 40°C to a defined volume. The concen-
tration of each of filtrates used in the next biologi-
cal tests was determined and calculated.

Bacterial strains and growth conditions

The test bacteria Staphylococcus aureus 209,
Streptococcus pyogenes 10535, (Gram-positive)
and Escherichia coli WF+ and Salmonella typhi-
murium 1923, (Gram-negative) were obtained from
the Bulgarian Type Culture Collection. All bacteria
were cultivated on Tryptic Soy Agar (Difco, USA).
Candida albicans 562 grown on Sabouraud agar
(Difco, USA) was used for screening antifungal ac-
tivity.

Antibacterial and antifungal activity

Antibacterial and antifungal activity was
checked by the agar diffusion method of Spooner
and Sykes (Spooner and Sykes, 1972) encountering
the diameter of the inhibitory zone in a soft agar
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layer. Briefly, 0.2 ml of bacterial/fungal suspen-
sion (~1.0 x 10° CFU ml"') was plated on the agar
layer into Petri dishes (10 cm d). After preparing 6
wells per dish with a diameter of 9 mm, 0.1 ml of
each sample was dropped into each well. The Petri
dishes were placed for pre-diffusion at 4°C for 2 h
for improvement the sensitivity of the test system.
Antimicrobial activity was measured by the diam-
eter of inhibitory zones in the agar layer after 48 h
incubation at 37 °C. Extracts giving an inhibitory
zone with a diameter (d) less than 13 mm indicat-
ed a lack of activity. Experiments with methanol
as a respective solvent were carried out as nega-
tive control. Ceftazidime (Biochemie, Austria) and
Nistatin (Actavis, Bulgaria) were used as reference
substances (positive control). The assays were per-
formed in triplicates for each berry extract.
Minimal inhibitory concentration (MIC)

The minimal inhibitory concentration (MIC)
of all samples was determined by the microdilution
method described by Andrews (Andrews, 2001) by
using 96-well standard microtiter plates. Briefly, 50
ul of twofold serial dilutions of examined samples
were added to 50 ul of microbial suspension ad-
justed to yield approximately 1.0 x 10° CFU ml™.
MIC was encountered as the lowest concentration
of examined sample that inhibits the visible micro-
bial growth after 24 h incubation at 37 °C. Negative
controls were included too.

DPPH radical scavenging assay

The scavenging of DPPH radicals was de-
termined following the procedure described by
Kovatcheva-Apostolova et al. (Kovatcheva-Ap-
ostolova et al., 2008). Two milliliters of 100 pM
DPPH solution were mixed with 0.1 mL solution,
containing enhanced concentration of total extract
of above mentioned small fruits (from 0 to 120 pg/
mL). The inhibition of DPPH radicals (in %) was
determined after 5 min by reading the absorbance at
516 nm (Shimadzu 1240 UV/vis spectrophotome-
ter). Inhibition of free radical DPPH in percent was
calculated according the formula:

Inhibition %= (A, = Ao Avand) X 100,

where A, is the absorbance of the control
reaction (containing all reagents except the test
compound) and A __ is the absorbance of the test
compound. Further the IC, values, which represent
the necessary concentration of sample for 50% re-
duction of the absorbance of DPPH radicals, were
calculated. Tests were carried out in triplicate. The
synthetic antioxidant buthylated hydroxy toluene
(BHT) was included in the experiments as positive
control.



Superoxide anion-scavenging activity

The inhibition of NBT-reduction by photo-
chemically generated ‘O,” was used to determine
the superoxide anion-scavenging activity of the
test samples(Beauchamp and Fridovich, 1971). The
reaction mixture contained 56 uM (NBT), 0.01 M
methionine, 1.17 uM riboflavin, 20 uM NaCN and
0.05 M phosphate buffer pH 7.8. Superoxide was
measured by the increasing amount of the absorb-
ance at 560 nm at 30° C after 6 min incubation from
the beginning of illumination. The plant extracts and
the reference substance caffeic acid were assayed at
varying concentrations with three repetitions (inhi-
bition between 20 and 80%). IC, (concentrations,
required to inhibit NBT reduction by 50%) values
were calculated from dose-inhibition curves. The
influence of superoxide dismutase (SOD from bo-
vine erythrocytes, 4870 U/mg) on non-enzymatic
reduction of NBT was determined by addition of
varying amounts of SOD to the above reaction mix-
ture.

Results

The antimicrobial and antifungal activities
of five berry extracts were first measured by agar
diffusion which is a suitable for semi-quantitative
estimation followed by MIC evaluation as a valu-
able quantitative and reproducible assay. For agar
diffusion and microdilution assays all total extracts
from blackberry, strawberry, raspberry bilberry and
lingonberry were dissolved in methanol in concen-
tration varying from 225.2 to 264.8 mg/ml. Their
antimicrobial and antifungal activities are exam-
ined against the Gram-positive bacterial pathogens
S. pyvogenes and S. aureus, the Gram-negative en-

teric pathogens E. coli and S. typhimurium, and
the fungus C. albicans. The highest antibacterial
activity against the Gram-positive species S. au-
reus and S. pyogenes demonstrated the extract
from strawberry with inhibitory zones of 17.3+1.2,
respectively 20.7+1.1 mm (Table 1). Similar high
activity against S. pyogenes was found by extracts
from raspberry and lingonberry (inhibitory zones:
20.3+0.6, respectively 18.7£1.2 mm). Interesting
finding was the antibacterial activity of lingon-
berry’s extract not only against the Gram-positive
species S. pyogenes (inhibitory zone 18.7+1.2), but
against the Gram-negative enteropathogen S. typh-
imurium (inhibitory zone 17.0£1.0 mm). Bacteria
of the species E. coli were not inhibited by any of
the tested extract in difference to the applied posi-
tive control ceftazidime (34.3+3.1). Similarly, the
antifungal drug nistatin was applied against the
fungus C. albicans (Table 1). No antifungal activity
was found in all examined berry extracts.

Total methanol extracts of strawberry, rasp-
berry, and lingonberry were subjected also to broth
microdilution assay. Only the Gram-positive bac-
teria (S. aureus and S. pyogenes) were inhibited by
the extract of strawberry in a concentration of 15
mg ml' (Table 1). A weaker activity was found for
the extracts of raspberry and lingonberry against S.
pyogenes in concentrations of 28.1 mg ml”', respec-
tively 33.1 mg ml'. No activity was found against
the Gram-positive S. aureus and the Gram-negative
pathogens E. coli and S. typhimurium, as well as
against C. albicans.

The antioxidant potential of total extracts
was determined by two complementary methods.
The free radical scavenging activity of all extracts,

Table 1. Antimicrobial activity of methanol berry extracts

Wild berry / Inhibitory zone of methanol berry extracts becejrsfer;t:g;??ﬂ
Test pathogen S. aureus |S. pyogenes| E. coli |S. typhimurium|C. albicans |S. aureus|S. pyogenes
Blackberry 15,5+1 14,6+1,2 13,5+1 12,2+1,4 11,8+1,2 0.0 0.0
Strawberry 17.3£1.2° | 20.7+1.1 11,6+0,6 10,8+0,8 11,2+1 15.08 15.0
Raspberry 10,6£0,6 | 20.3£0.6 | 12,4+0,8 11,4+1 11,0+0,8 0.0 28.1
Lingonberry 12,1£1 18.741.2 | 13,0+1,2 17.0+1.0 12,4+1 0.0 33.1
Bilberry 13,2+1,4 12,4+1 12,8+1,0 12,0+1,0 11,8+0,8 0.0 0.0
Methanol 0.0 0.0 0.0 0.0 0.0 n.t. n.t.
Ceftazidime | 29.3£2.5 | 27.0£2.0 | 34.3+3.1 37.0+£3.6 0.0 n.t. n.t.
Nistatin n.t. n.t. n.t. n.t. 38.5+£5.0 n.t. n.t.

Legend: * - minimal inhibitory concentration (MIC); & - inhibitory zone (mm); § - MIC (mg ml);

n.t. — not tested.
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evaluated by the DPPH method, is presented in Fig.
1. All extracts tested exhibited a strong antioxidant
capacity. They were able to reduce the stable free
radical DPPH to yellow-colored diphenylpicrylhy-
drazine. The extracts can be divided into two groups
according to the detected inhibitory activity. Straw-
berry, lingonberry and bilberry, demonstrated bet-
ter radical scavenging activity than the blackberry
and raspberry. The extracts from first group showed
100% inhibitions in variants with concentration
above 80 pg/ml. IC, values in DPPH method were
calculated: blackberry - 91 ug/ml; strawberry - 56
pg/ml; raspberry - 91 pg/ml; lingonberry - 57 pg/
ml, and bilberry - 52 pg/ml. The most promising
antioxidant in terms of DPPH radicals was ES5 (bil-

berry).

100 -

80 —m— blackberry
| —e— strawberry
—A— raspberry

I —O0— lingonberry

Inhibition [%]

0 20 40 60 80 100 120

Concentration [ug/mi]

Fig. 1. Free radical scavenging effect of the total
extracts from blackberry (M), strawberry (@),
raspberry (A), lingonberry ([J), and bilberry
(A) (DPPH assay). Error bars represent standard
deviations.

Further, the antioxidant potential of total ex-
tracts was evaluated by suppression of the super-
oxide anion radicals generated in a photochemical
system in the presence of the test samples. The
results are shown in Fig. 2. All of the investigat-
ed extracts in concentration 50 pug/ml showed O,
radical scavenging activity. The order of scaveng-
ing effectiveness was: bilberry (62.5% inhibition)
> strawberry (56.3%) > raspberry (40%) > lingon-
berry (36.8) > blackberry (25.5). These results were
lower than those of positive controls, caffeic acid
and commercial SOD, which were used in concen-
trations 6.5 and 3.5 pg/mL, respectively (data not
shown).

69

05 —a— Blachberry
~r —e— Strawberry

—_ —a— Raspberry
£ 04| —o— Lingonberry
c —— Bilberry
§ —x— SOD
w 03] —o— Caffeic acid
§ T
g 02
o
]
3 o01p

0,0+

0 20 40 60 80 100 120 140 160
Concentration [ug/mi]

Fig. 2. Inhibitory effect of total extracts on the re-
duction of NBT by photochemically generated su-
peroxide anion radicals. Samples contained 50 pg/
mL of the corresponding preparations. Control does
not contain any extract. Error bars represent stan-
dard deviations.
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Fig. 3. Dose-dependence of the superoxide anion
scavenging effect of the total extracts from black-
berry (M), strawberry (@), raspberry (A ), lingon-
berry (LJ), and bilberry (A). Caffeic acid (O) and
SOD (k) were used as positive controls. Com-
mercial SOD from bovine erythrocytes with 4870
U/mg protein and 4870 U/mg solid was used; the
working solution was prepared as 1 mg/mL. Error
bars represent standard deviations.

For a detailed study of radical scavenging
capacity, we investigated the O, scavenging ac-
tivities of samples at different concentrations, and
dose-response curves were formed (Fig. 3). Cafte-
ic acid and commercial SOD were used as positive
controls. The results indicated that the best scav-
enging activity among tested extracts demonstrated
E2 (strawberry) and ES5 (bilberry). It is worthy to
note that all extracts exhibited less scavenging ac-
tivity than SOD and caffeic acid.



The 50% "O,” scavenging concentrations
(IC,,) of the total extracts were calculated from the
dose-activity curves. The IC,  were found to be 85,
43.9, 80.5, 63 and 41.8 pg/ml for blackberry, straw-
berry, raspberry, lingonberry, and bilberry, respec-
tively. As positive controls, 50% inhibitory concen-
trations of SOD and caffeic acid were detected as
1.04 and 4.9 pg/mL, respectively.

Further we studied the combined "O,” scav-
enging effect of the fruit preparations in the dose
50 pg/mL, applied together with 5.5 U/mL of com-
mercial SOD (Fig. 4). The combination resulted in
50% and 70% decrease in NBT-reduction respec-
tively, compared to the inhibition caused by SOD
alone. The results outlined the possibilities to use
these alone or in combination with SOD effectively
in cases, when the cells are exposed to oxidative
stress.

Bilberry j%
Lingonberry 7/

Raspberry %—

Strawberry o

Blackbarry —
Control %H

0,0 0:1 0:2 0:3 0:4
E560 nm

Fig. 4. Inhibitory effect of the total extracts
on the NBT-reduction by photochemically gener-
ated superoxide anions in the presence of SOD.
Samples contained 5.5 U/mL SOD from bovine
erythrocytes and 50 pg/mL of the corresponding
preparation. Control does not contain any extract.
Error bars represent standard deviations.

Discussion

The recent study provides data on antibacte-
rial and antioxidant activities of the most popular
wild small berries naturally growing in Bulgaria
like blackberries, strawberries, raspberries, ling-
onberries, and bilberries. We determined the anti-
bacterial activity of crude methanol extracts against
selected bacterial pathogens including also the fun-
gus C. albicans. In general, all berry extracts tested
were found to inhibit the growth of Gram-positive
S. aureus and S. pyogenes but not the Gram-nega-
tive species, excepting the extract of lingonberries
which was active against the virulent serovar S.
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typhimurium. The extracts were also more active
against S. pyogenes in comparison with S. aureus.
Notably, the strawberry extract was found to be
highly active against both S. aureus and S. pyo-
genes. Highest activity against S. pyogenes showed
the strawberry and raspberry extracts followed by
the lingonberry extract. A decrease in the antimicro-
bial activity against S. pyogenes as compared to the
untreated control was observed in the following or-
der: strawberry > raspberry > lingonberry > black-
berry > bilberry. As far as the various compounds
available in the extract should be attributed to anti-
microbial activities additional studies are required.
Studies on Nordic berries reveal that strawberry
extract contains ETs which may explain their mod-
erate antimicrobial effects against Staphylococcus
and Salmonella bacteria (Puupponen-Pimia et al.,
2005). Ellagitannins were detected in berries from
the Rosaceae family (cloudberry, raspberry, rose
hip, sea buckthorn, and strawberry), ranging from
21.7 to 83.2 mg/100 g (Giampieri et al., 2012). Oth-
er studies discussed in the same review reported ET
content in strawberries from 25 to 59 mg/100 g in
fresh samples. The representative ET in strawber-
ries and raspberries is sanguiin H-6. Other investi-
gators have reported the presence of galloylbishex-
ahydroxydiphenoyl-glucose, previously found in
the Rubus berry (Mullen et al., 2003). These find-
ings support the results obtained in our study for the
moderate to high activity of the strawberry extract
in S. aureus and S. pyogenes (important causative
agents of skin lesions) and of the raspberry extract
against S. pyogenes. Different mechanisms of ac-
tion proposed to explain tannin antimicrobial activ-
ities including inhibition of extracellular microbi-
al enzymes, deprivation of the substrates required
for microbial growth or direct action on microbial
metabolism through inhibition of oxidative phos-
phorylation (Puupponen-Pimia et al., 2005). The
same authors found that freeze-dried lingonberry
showed moderate inhibitory activity against Salmo-
nella similarly to our finding with crude methanol
extract against S. typhimurium. The antimicrobi-
al properties of lingonberry juice are known for a
long time. Moderate effect of lingonberry extract
against E. coli was observed in our study too. V. vi-
tis-idaea fruits‘ extracts have been found to inhibit
the growth of uropathogenic Escherichia coli rods
by influencing the virulence factors expression and
biofilm formation (Cesonien¢ et al., 2009; Wojnicz
et al., 2012). The effect should be associated with
inhibition of bacterial adherence to mucosal surfac-
es (Schmidt and Sobota, 1988). Evidently anti-ad-



hesion might be one mechanism in action in antimi-
crobial activity of berry compounds in general but
the mode of action of tannins probably depends on
the individual microorganism.

The berry phenolics attribute to many diverse
biological functions. In parallel to their antimicrobi-
al and antifungal activities, they provide also ultra-
violet radiation protection, chelation of toxic heavy
metals, and antioxidant quenching of free radicals
generated during photosynthesis. Anthocyanins,
catechin, ellagic acid, gallic acid and quercetin are
potent antioxidants with possible health effects in
humans due to their reported positive effect on blood
vessels, as well as hepatoprotective, antirheumatic
and anticancer activities (Lee ef al., 2012; Nile and
Park, 2014). All these observations provoked us
to investigate the capacity of those 5 total extracts
to scavenge the reactive oxygen species (ROS).
Generally, ROS in the body are generated by ex-
ogenous agents (e.g., radiation, cigarette smoke,
atmospheric pollutants, toxic chemicals, over nutri-
tion, changing food habits, etc.) and/or endogenous
sources (inflammation, mitochondria, cyfochrome
P-450 metabolism, microsomes, and peroxisomes)
(Pham-Huy et al., 2008). When ROS level reach-
es above threshold, an imbalance between oxidants
and antioxidants take place in the cells. This situa-
tion results in oxidative stress that causes various
degenerative diseases (Fridovich, 1998). In this
context, antioxidants may play an_important role in
preventing and repairing ROS-induced damages by
scavenging free radicals and repairing the enzymes
involved in the process of cellular development.
Present investigations confirmed the antioxidant
potential of all tested extracts. The scavenging of
the stable free radical 1,1-Diphenyl-2-picrylhydra-
zyl by the DPPH method gave reliable information
concerning the antioxidant activity defined as the
mean of free radical scavenging capacity (Fig. 1).
The highest in vitro antioxidant capacity was deter-
mined for bilberry extract. A decrease in intracellu-
lar oxidation compared to control was observed in
the following order: bilberry > strawberry > ling-
onberry > blackberry = raspberry. High scavenging
capacity was also found for juices of chokeberry,
blueberry and bilberry (Slatnar et al., 2012) and
extracts from strawberry, blackberry and raspberry
leaves (Buticova ef al., 2011). In small fruits (Pan-
ico et al., 2009) the antioxidant capacity has been
correlated to a significant degree with anthocyanin
content. Moreover, phenolic phytochemicals with
antioxidant properties are now believed to be an
important component in fruits and vegetables re-
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sponsible for beneficial health effects (Moyer et al.,
2001).

Further investigation of the total extracts was
performed in a non-enzymatic system - NBT, me-
thionine and riboflavin. There ‘O, were generated
photochemically and SOD inhibited the reduction
of NBT. Although the superoxide anion radical is
a weak oxidant, it gives rise to the generation of
more powerful and dangerous hydroxyl radicals as
well as singlet oxygen, both of which contribute
to the oxidative stress (Fridovich, 1998). Our re-
sults showed that the best "O,” scavenging activity
was determined by the bilberry extract, followed
by the strawberry extract (Fig. 2). These prepara-
tions inhibited the development of the color, pro-
duced during the reaction of ‘O,” with NBT by 62
and 56% respectively. On the other hand, the lowest
activity showed blackberry and lingonberry. More-
over, the samples of total extracts suppressed ‘O,
release in a dose-dependent manner (Fig. 3). The
50% "0, scavenging concentrations were between
85.0 and 41.8 pg/ml respectively. 1C,, values of
bilberry (41.8 pg/ml) and strawberry (43.9 pg/ml)
demonstrated better inhibition of superoxide level
compared to the other extracts. These values were
comparable to the total extracts from other berries
(Kim et al., 2009; Palikova et al., 2008).

The "0, scavenging effect of the extracts, ob-
tained from wild Bulgarian berries was confirmed
by measurement of inhibition of NBT-reduction in
presence of commercial SOD (Fig. 4). The combi-
nation of SOD (5.5 U/mL) with the total extracts
(50 pg/ml) resulted in 50% and 70% decrease in
NBT-reduction respectively, compared to the inhi-
bition by SOD alone. These results demonstrated
synergistic effect between the antioxidant enzyme
and the tested preparations suggesting SOD-like
activity of the extracts from berries.

The obtained results show that the wild Bul-
garian berry fruits are a good source of antioxidant
compounds and can be used as a potential val-
ue-added ingredient in the food, cosmetic and in the
pharmaceutical industry.

Conclusion

The results from the present experiments
demonstrated that the total extracts from wild Bul-
garian small berry fruits manifested strong antiox-
idant activities in model systems and moderate to
high activity against the Gram-positive pathogens
S. aureus and S. pyogenes, as well as the fungus
C. albicans. The in vitro antioxidant properties
of these preparations might be contributing to the



overall antimicrobial effect on the selected bacteri-
al pathogens. The demonstrated antibacterial activ-
ity is a good prerequisite for further studies on skin
infection model systems in vitro and in vivo.
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