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ABSTRACT

The extract of ethanol, methanol, hexane, chlo-
roform, isopropanol and water of mistletoe leaves
(Viscum album L. subsp. album L.) were tested for
antimicrobial activity against 11 bacteria and one
yeast by disc diffusion method. In our study, meth-
anolic extracts mistletoe of leaves showed the best
inhibition zones against Streptococcus faecalis and
Bacillus subtilis (22mm). Inhibition zones of the all
of the extracts varied 6 to 22 mm against tested mi-
croorganisms. MICs of V. album subsp. album dif-
ferent extracts obtained by the broth serial dilution
method, showed the lowest sensitivity to S.faecalis
and B.subtilis with 4mg/ml concentration of meth-
anolic extracts. Methanolic extracts of mistletoe
were among the most active with the MIC values
ranging from 4-256 mg/mL.
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INTRODUCTION

Natural plant products have been used for ther-
apeutic purposes since the time immemorial and
their use is of a greater demand nowadays. The use
of plant essential oils in both the food and the phar-
maceutical industries has been developed interest-
ingly, a systematic examination of plant extracts for
these properties has become increasingly important.
The use of natural antimicrobial compounds is im-
portant not only in the preservation of food but also
in the control of microbial growth in the diseases
condition [1-3]. Apart from these essential oils and
extracts from several plant species are able to control
microorganisms related to skin, dental caries and
food spoilage, including gram-negative and gram
positive bacteria [4]. Mistletoes therefore is one such
plant which is reported to possess several medicinal
properties. Its use as an anti-cancer, anti-diabetic, an-
tihypertensive, and indeed as ‘all-purpose herb’ has
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been reported [5]. Many of these folkloric uses have
already been investigated [6-8].

The objectives of this work were therefore to
investigate the antimicrobial activities of six differ-
ent solvent extracts from West Anatolian mistletoes
and to determine the chemical compound content to
find out the relationship between antimicrobial ac-
tivity and the compound content. This is the first
study about collected from antimicrobial activity of
West Anatolian mistletoes. Therefore, we have
tested antimicrobial effect against some microorgan-
isms including opportunistic pathogens: Gram-neg-
ative bacteria; Escherichia coli ATCC 35218, Pseu-
domonas aeruginosa ATCC 27853, Salmonella
typhimurium CCM 583,Aeromonas hydrophila
ATCC 19570, Klebsiella pneumoniae CCM
2318.Gram-positive bacteria; Staphylococcus epi-
dermidis ATCC 12228, Bacillus subtilis ATCC
6633, Bacillus cereus CCM 99, Staphylococcus au-
reus ATCC 6538/P, Streptococcus faecalis ATCC
8043,fungus; Candida albicans ATCC 10239.The
antimicrobial activity was measured by using disc
diffusion method and minimal inhibitory concentra-
tion (MIC).

MATERIALS AND METHODS

Samples. Mistletoe leaves (V. album subsp. al-
bum) were obtained from various retail outlets in
Mugla province, West Anatolia, Turkey in 2013.
The taxonomic identification of plant material was
confirmed by botanist Prof. Dr. Aykut Guvensen, in
the Department of Biology, Ege University, Turkey.

Preparation of mistletoe leaves (Viscum al-
bum L.) extracts. Plant leaves were washed with
sterilized distilled water and air dried. Clean dry
plant samples were stored in cotton bags. The mate-
rials were homogenized to a fine powder with the
help of a mixer grinder. The 25grams portions of
each dried powdered leaf material was soaked sepa-
rately in 250ml ethanol, methanol, hexane, chloro-
form, isopropanol and water. The extraction was car-
ried out by maceration for 7 days in each solvent at
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room temperature (25+2°C). The solvents extracted
material was filtered in separate flaks. All extracts
were then dried and stored at 4°C until further anal-
ysis. The dried aqueous, ethanol, methanol, hexane,
chloroform, isopropanol and water extracts were
then dissolved in their respective solvents in a pro-
portion of100mg/ml [9-11].

Microbial strains and cultivation. Antimicro-
bial assays were carried out against eleven bacterial
strains, five Gram-positive bacterial strains, includ-
ing Staphylococcus epidermidis ATCC 12228, Ba-
cillus subtilis ATCC 6633, Bacillus cereus CCM 99,
Staphylococcus aureus ATCC 6538/P, Streptococ-
cus faecalis ATCC 8043, six Gram-negative bacte-
rial strains, including Escherichia coli ATCC 35218,
Pseudomonas aeruginosa ATCC 27853, Salmonella
typhimurium CCM 583, Aeromonas hydrophila
ATCC 19570, Klebsiella pneumoniae CCM 2318,
and yeast Candida albicans ATCC 10239.

The bacteria strains were inoculated on nutrient
broth (Oxoid) and incubated for 24 h at 30+0.1°C,
while the yeast was inoculated on yeast extract broth
(Oxo0id) and incubated for 48 h. Adequate amounts
of autoclaved Miiller-Hinton Agar (Oxoid) and
Yeast Extract Agar (YEA) were dispensed into ster-
ile plates, and allowed to solidify under aseptic con-
ditions. The counts of bacteria and yeast strains were

adjusted to yield approximately 1.0x10"-1.0x10°/ml

and 1.O><105-1.0><106/ml, respectively, using the
Standard McFarland counting method. Of the test or-
ganisms 0.1 ml was inoculated with a sterile swab on
the surface of appropriate solid medium in plates.
The plates containing the bacterial and yeast cultures
were incubated at 25+0.1°C and 30+0.1°C, respec-
tively, for 1 h [12].

Study of antimicrobial activity by disc diffu-
sion method. For the first screening, the paper disc
diffusion method was used to determine antibacterial
activity, which is based on the method described

previously [13]. Sterile paper discs (6 mm; Oxoid)
were loaded with 50 pL of different amounts (0.25,
0.5 and 1 mg) of the extracts dissolved in dimethyl
sulphoxide (DMSO) (Lab-Scan) and were left to dry
for 12 h at 37 °C in a sterile room. Bacterial suspen-
sions were diluted to match the 0.5 MacFarland
standard scale (approximately 1.5 x 10 CFU/ml)
and they were further diluted to obtain a final inocu-
lum. After Mueller-Hinton agar (Merck) was poured
into Petri dishes to give a solid plate and inoculated
with 100 pl of suspension containing 1 x 108
CFU/ml of bacteria, the discs treated with extracts
were applied to petri dishes, ampicilin (10pg/ml)
(Oxoid), chloramphenicol (30pg) (Oxoid), nystatin
(30pg/disc) (Oxoid) and erythromycin
(10pg/disc)were used as positive controls and paper
discs treated with ethyl acetate, methanol and DMSO
were used as a negative control. The plates were then
incubated at 35 °C for 24 h in an incubator. Inhibi-
tion zone diameters around each of the discs were
measured and recorded at the end of the incubation
time.

The minimal inhibitory concentrations
(MICs). The MIC was determined by the tube
macro-dilution method [14]. Solution of each extract
was serially diluted two fold in Mueller-Hinton broth
(Merck) so the final concentrations of the extracts in
the medium were ranged from 0.008 to 256 mg/ml.
Initial inoculants were prepared by suspending
growth in a sterile saline and turbidity was adjusted
to yield 0.5 McFarland standard and then diluted to
1:10 ratio. Prepared inoculum (0.1 ml) was added
into each tube to obtain the final turbidity (approxi-
mately 104 colony-forming units (CFU) ml™). The
MIC was defined as the lowest concentration of the
plant extract at which visible growth is inhibited.
The test tubes were incubated at 24°C/24 h. Each test
included control, consisting of the substrate with the
solvent. The MICs of erythromycin (Oxoid), chlo-
ramphenicol (Oxoid) and nystatin (Oxoid) were also
determined.

TABLE 1
Antimicrobial activity of mistletoe leaves (Viscum album L.) extracts against test microorganisms by disc
diffusion method

M E C 1 w
Miworgisns 22 5§ af wEsfaf =fs o vf 38 af-F s3§af 5 !
E E E E E E E E E E E E E 2
S. faecalis 22 9 13 14 9 10 - - 8 8 14 7 11 8
S. typhimurium 14 9 9 15 - 11 15 10 8 12 8 7 9
E. coli 17 11 12 14 - 13 - 13 - 7 15 - 1
P. aeroginosa 16 8 11 19 - 8 9 - 9 7 11 9 10 11 . 13
A. hydrophila 12 11 11 15 - 13 9 8 7 6 10 10 10 8 1
S. epidermidis 14 11 10 11 - 14 9 b5 6 6 8 8 8 8 T 10
S.aureus 15 11 19 16 - 15 9 2 8 7 13 8 16 10 2 9
K. pneumoniae 21 13 13 18 - 11 - 7 - 8 10 9 8 -
B. cereus 13 9 21 16 - 12 12 - 10 13 8 9 13
B.subtilis 22 10 11 12 - 12 11 8 8 19 9 11 12
C. albicans 9 10 9 8 13 11 12 - 10 16 - 12 -

(-): No inhibition

M: Methanol W: Water D: % 10 DMSO E: Ethanol H: Hegzan C: Chloroform I: Isopropanol
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TABLE 2
Antimicrobial activity of ethanol, methanol, chloroform, isopropanol and DMSO against tested bacteria
by disc diffusion method.

Inhibition zone diameters (mm)

Microorganisms Methanol Ethanol Hexane Chloroform Isopropanol DMSO

S. faecalis 14 13 - 9 11 -

S. typhrium - - - - - -

E. coli - - - 11 15 -

P. aeroginosa 10 10 - - 13 9

A. hydrophyla 7 8 - 7 10 9

S. epidermidis - - - - - -

S.aureus 17 14 - - 21 16

K. pneumoniae 9 10 - 8 23 10

B. cereus - 9 8 - 12 8

B.subtilis 17 17 11 - 12 11

C. albicans 18 11 - - 12 10
(-): No inhibition

TABLE 3
Inhibition zone diameters of the reference antibiotics against test microorganisms
Mi . Inhibition zone diameters (mm)
1CTOOLEANISIS Ampicilin Penicillin G Erythromycin Chloramphenicol Nystatin

S. faecalis 28 30 22 25 -

S. typhimurium 25 32 27 23 -

E. coli 29 32 24 33 -

P. aeruginosa 28 33 22 28 -

A. hydropyhila 27 31 25 26 -

S. epidermidis 23 30 23 25 -

S. aureus 29 27 24 20 -

K. pnemuoniae 28 29 26 25 -

B. cereus 26 30 25 24 -

B. subtilis 32 35 16 30 -

C. albicans - - - - 12
(-): No inhibition
RESULTS AND DISCUSSION pneumoniae. Nystatin weakly inhibited the growth

The extract of methanol, ethanol, hexane, chlo-
roform, isopropanol and water of mistletoe leaves
were tested for antimicrobial activity against 11 bac-
teria and one yeast by disc diffusion method. In our
study, methanolic extracts mistletoe of leaves
showed the best inhibition zones against S.faecalis
and B.subtilis (22mm)in table 1. Inhibition zones of
the all of the extracts varied 6 to 22 mm against
tested microorganisms in Table 1. Besides, the inhi-
bition zone diameters of the tested extracts against
the test microorganisms were shown Table 2.
Among the tested extracts, isopropanol showed the
best inhibition zones against K.pneumoniae (23mm)
in Table 2. All of the tested extracts showed no inhi-
bition zones against S.typhimurium and S.epider-
midis in Table 2.

In this study, 5 reference antibiotics were used
as positive control. These include, ampicilin
(10pg/disc), penicillin G (10ug/disc), erythromycin
(15ug/disc), chloramphenicol (30ug) and nystatin
(30pg/disc). Ampicilin, penicillin and chloramphen-
icol very strongly inhibited the growth of B.subtilis
whereas, erythromycin exhibited a very big zone of
inhibition against S. typhimurium and K.
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of C. albicans (Table 3).

Erturk and his friends [15] reported that differ-
ent concentrations of n-hexane extract were tested
using the agar diffusion technique against 6 bacteria
(B.subtilis, S.aureus, E.coli, P.aeruginosa, Entero-
bacter cloacae and Proteus vulgaris), and 1 fungus
(C.albicans). It was displayed that fractions 6 and 7
of n-hexane extract of V. album subsp. abietis
showed antimicrobial activity against the microor-
ganisms tested.

Hussain and his friends [16] reported that the
ethyl acetate, chloroform, ethanol, and methanol
crude extracts of selected plant parts had significant
antimicrobial activities on both gram positive and
gram negative bacteria. The ethyl acetate and meth-
anol crude extracts of leaves and twigs of V. album
exhibited prominent activities against gram positive
and gram negative bacteria used in comparison to
other extracts which had moderate activity against
all the tested bacteria. The antimicrobial activities of
the crude extracts of the selected plant parts were
more active against gram negative bacteria than
gram positive bacteria.

Kang and Chung [17] reported that ethyl ether
fraction against B.cereus showed stronger activities
than benzoic acid (2.5 mg/ml). The MIC of Korean
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TABLE 4
MIC:s of the ethanolic extracts of leaves of mistletoe, erythromycin, chloramphenicol, nystatin against test
microorganisms
MIC (mg/ml)
Microorganisms Methanol . Antibiotics . :
Erythromycin Chloramphenicol Nystatin
S. faecalis 4 4 2 -
S. typhimurium 64 0.016 4 -
E. coli 16 2 0.008 -
P. aeruginosa 32 4 0.016 -
A. hydrophila 128 2 0.16 -
S. epidermidis 64 4 0.16 -
S.aureus 32 2 8 -
K. pneumoniae 8 2 2 -
B. cereus 64 2 4 -
B.subtilis 4 32 0.008 -
C. albicans 256 - - 16

(-): No inhibition

mistletoe extract and slovent fractions were in the
range of 6.25-25 mg/ml. The MIC (6.25 mg/ml) of
ethyl acetate fraction onto Staphylocossus aureus
was the lowest among them. Ethyl ether fraction
which showed the strongest antioxidant activities by
DPPH (1,1-diphenyl-2-picryl-hydrazyl) and FRAP
(ferric ion reducing antioxidant power) methods had
the highest total phenolic contents. It is suggested
that Korean mistletoe could be utilized as natural
preservative material through the study of the active
compounds from ethyl ether fraction. Also Cebovic
and his friends [18] reported that Viscum album L.
grown on plums exhibited significant antioxidative
and hepatoprotective potential against in vivo CCl4-
induced oxidative stress in experimental animals.
The mechanism appeared mostly to be mediated by
induction of antioxidant enzymes activities. In addi-
tion, applied mistletoe extract might also possess
beneficial effects on restoration of impaired oxida-
tive balance in normal tissues as an efficient antiox-
idant. Their data suggest that "plum's" mistletoe may
be potentially useful in the prevention of the liver in-
juries caused by oxidative tissue damage, but empha-
sise the need of further elucidation of mechanisms of
its action. Cebovic and his friends [19] reported that
non-polar CO2 extract of Viscum album leaves and
selected constituents of the extract have cytotoxic
activities against EAC and AS30D cells in vivo, alt-
hough the extract appears to be more active. The ex-
tract and its selected constituents also exhibited cer-
tain antioxidant activity, and it was suggested that
the possible mechanism of their action may be due
to altering the antioxidant status in tumour cells. Ce-
bovic and Popovic (2007) [20] reported that 5%
aqueous extract of Viscum album leaves may be po-
tentially useful in the prevention of tumor develop-
ment, but emphasise the need of further elucidation
of its action mechanisms, as well as qualitative and
quantitative analysis of this specific extract. Miguel
and his friends [21] reported that Berberis vulgaris
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and Viscum album were the most promising as anti-
oxidants, anti-inflammatory and acetylcholinester-
ase inhibitors. The capacity for scavenging ABTS
and DPPH free radicals of V. album and
Chamaerops humilis extracts were also not signifi-
cantly different from those of the positive controls.
Viscum album extract had also an important capacity
for scavenging hydroxyl radicals.

MICs of mistletoe different extracts obtained
by the broth serial dilution method, showed the low-
est sensitivity to S.faecalis and B.subtilis with 4
mg/ml concentration of methanolic extracts in table
4. Methanolic extracts of mistletoe were among the
most active with the MIC values ranging from 4-256
mg/ml in Table 4.

CONCLUSION

On the basis of present investigations, it is con-
cluded that there exists a great potential in the search
of new and more potent antimicrobial substances
from the natural sources. The potential for develop-
ing antimicrobials from plants appears rewarding as
it will lead to the development of phytomedicines to
act against microbes.
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