Turk J Biol
29 (2005) 105-110
© TÜB‹TAK

Antimicrobial Effects of Verbascum georgicum Bentham Extract
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Abstract: The methanol extract of Verbascum georgicum Bentham (Scrophulariaceae) was investigated for its in-vitro antimicrobial
properties. A total of 143 microorganisms belonging to 56 bacteria and 4 fungi and a yeast species were studied using the diskdiffusion method and microdilution assays. The results indicated that the methanol extract of V. geopgicum had an inhibitory effect
on the growth of all Candida albicans isolates and 17 strains in 10 different species of bacteria, namely Bacillus amyloliquefaciens,
B. subtilis, B. cereus, B. pumilus, B. megaterium, B. lentimorbus, B. licheniformis, Pseudomonas putida, P. syringae and Escherichia
coli, at different concentrations ranging from 37.5 to 300 µg/ml. However, it did not show antifungal activity against the isolates
of the 4 fungal species tested. Thus, the results suggest that V. georgicum extract possesses compounds with antimicrobial
properties that might be utilized for developing new drugs.
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Verbascum georgicum Bentham Ekstrakt›n›n Antimikrobial Etkileri
Özet: Verbascum georgicum Bentham’›n metanol ekstrakt›n›n antimikrobiyal özelli¤i in-vitro ortamda araflt›r›ld›. Bir maya 4 fungus
56 bakteri türüne ait 143 mikroorganizma disk-difüzyon ve mikrodilüsyon yöntemleri kullan›larak test edildi. Verbascum georgicum
Bentham’›n metanol ekstrakt›n›n Candida albicans izolatlar›n›n hepsine ve Bacillus amyloliquefaciens, B. subtilis, B. cereus, B. pumilus,
B. megaterium, B. lentimorbus, B. licheniformis, Pseudomonas putida, P. syringae, Escherichia coli türlerini içeren 10 farkl› bakteri
türünün 17 suflunda 37.5-300 µg/mL’ konsantrasyonlar›nda inhibisyon zonlar› oluflturdu¤u tesbit edildi. Bununla birlikte test edilen
4 fungus türünün izolatlar›nda antifungal aktivite göstermemifltir. Böylece, bu sonuçlara göre Verbascum georgicum Bentham’›n
metanol ekstrakt›n›n antimikrobiyal özellikte bileflikler içerdi¤i ve bunun yeni ilaç gelifltirilmesinde antimikrobiyal ajan olarak
kullan›labilece¤i önerilebilir.
Anahtar Sözcükler: Verbascum georgicum, Antimicrobial aktivite, T›bbi Bitki

Introduction
Many plant species among the flora of Turkey play an
important role in traditional and conventional medicine.
Based on the literature, there are approximately 9000
plant species in Turkey’s flora, of which more than 500
are widely used in folkloric medicine due to their
antimicrobial and anticarcinogenic properties (1).
Furthermore, these species provide minerals, fiber,
vitamins and essential fatty acids and enhance taste and
color in food. Verbascum is the richest genus,
represented by 233 species in Turkey (2,3). One of the
well known Verbascum species is V. thapsus L., which has
been used for the treatment of different diseases
including asthma, spasmodic cough, migraine and earache
(4-7). V. thapsus, V. fruticulosum and V. undulatum have

been investigated for their antibacterial, antifungal,
antiviral, and antimalarial activities through in-vitro and
in-vivo tests (5,6,8-11). V. georgicum is an abundant
biennial herb growning in the Eastern Anatolia region of
Turkey, and used traditionally in the treatment of various
medical conditions. However, V. georgicum, like many
other Verbascum species, has not been investigated
sufficiently in terms of its antimicrobial activities. In
recent years, multiple drug/chemical resistance in both
human and plant pathogenic microorganisms has
developed due to indiscriminate use of commercial
antimicrobial drugs/chemicals commonly applied in the
treatment of infectious diseases (12-14). This situation
has prompted scientists to search for new antimicrobial
substances from various sources, including medicinal
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plants (15,16). The aim of this study was to evaluate the
antimicrobial potential of V. georgicum tested on a wide
range of microorganisms.

Materials and Methods

72 h at a temperature not exceeding the boiling point of
the solvent (17). The aqueous extracts were filtered using
Whatman filter paper (No. 1) and then concentrated in
vacuo at 40 oC using a rotary evaporator. The residues
obtained were stored at -80 oC until the tests.
Microorganisms

Plant material and extraction procedure
Aerial parts (leaves, flowers and stems) of Verbascum
georgicum Bentham (Scrophulariaceae) plants were
collected from Aflkale, Erzurum. The taxonomic
identification of plant materials was confirmed by plant
taxonomist Meryem fiengül at the Department of Biology,
Atatürk University, Erzurum. Collected plant material
was dried in the shade and ground to 2 mm. The dried
and powdered plant materials (500 g) were extracted
successively with 1 l of methanol by Soxhlet extractor for

A total 159 microbial cultures belonging to 56
bacteria, 1 yeast and 4 fungal species were used in this
study. The microorganisms used are listed in Tables 1 and
2. They were provided by the Department of Clinical
Microbiology, Faculty of Medicine, and the Plant
Diagnostic Laboratory, Faculty of Agriculture, at Atatürk
University, Erzurum. The identity of the microorganisms
used was confirmed by the Microbial Identification
System at the Biotechnology Application and Research
Center at Atatürk University.

Table 1. Antimicrobial activity of Verbascum georgicum extracts (300 µg/disk) against the bacterial strains tested based on disk diffusion method.
Inhibition zone in diameter (mm) around test disk
Microorganisms
Bacteria
Acinetobacter baumanii
Acinetobacter calcoaceticus
Acinetobacter lwoffii
Acinetobacter johnsonii
Alcaligenes pacificus
Alcaligenes xylosoxydans
Agrobacterium radiobacter
Bacillus amyloliquefaciens
Bacillus atrophaeus
Bacillus cereus
Bacillus licheniformis
Bacillus macerans
Bacillus megaterium
Bacillus pumilus
Bacillus sphaericus
Bacillus substilis
Brevundimonas diminuta
Brucella abortus
Brucella melitensis
Burkholdria cepacia
Burkholdria gladioli
Citrobacter freundii
Clavibacter michiganense
Curtobacterium flaccumfaciens
Enterobacter aerogenes
Enterobacter cloacae
Enterobacter intermedius
Enterobacter pyrinus
Erwinia amylovora
Erwinia carotovora
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Number of Strainsa

V. georgicum Extract

NCa

Standard Antibiotic Disksb

3
2
1
2
1
2
1
1
2
2
1
1
4
3
1
4
1
15
11
1
1
1
1
2
1
2
2
1
1
1

12 mm/1
7-21 mm/2
27 mm/1
18-26 mm/2
20-24 mm/3
9-17 mm/4
-

-

NT
16 mm (OFX)
27 mm (OFX)
25 mm (OFX)
32 mm (OFX)
12 mm (SCF)
28 mm (SCF)
27 mm (SCF)
21 mm (SCF)
30 mm ( OFX)
- (SCF)
26 mm (SCF)
9 mm (SCF)
23 mm (OFX)
18 mm (OFX)
28 mm (OFX)
34 mm (SCF)
12 mm (SCF)
18 mm (OFX)
-mm (SCF)
22 mm (NET)
23 mm (SCF)
25 mm (SCF)
37 mm (OFX)
12 mm (OFX)
10 mm(OFX)
27 mm (SCF)
NT
12 mm (OFX)
30 mm (OFX)

M. fiENGÜL, H. Ö⁄ÜTCÜ, A. ADIGÜZEL, F. fiAH‹N, A. A. KARA, ‹. KARAMAN, M. GÜLLÜCE

Table 1. Continued.
Inhibition zone in diameter (mm) around test disk
Number of Strainsa

V. georgicum Extract

NCa

Standard Antibiotic Disksb

Erwinia chrysanthemi
Escherichia coli
Flavobacterium blastinum
Klebsiella pneumoniae
Klebsiella trevisanii
Kocuria varians
Leclercia adecarboxylata
Micrococcus luteus
Neisseria spp
Pantoea agglomerans
Plesiomonas shigelloides
Proteus vulgaris
Pseudomonas aeruginosa
Pseudomonas fluorescens
Pseudomona huttiensis
Pseudomonas putida
Pseudomonas syringae pvs.
Ralstonia pickettii
Salmonella typhimurium
Staphylococcus aureus
Staphylococcus epidermis
Stenotrophomonas maltophilia
Streptococcus pneumoniae
Streptococcus pyogenes
Xanthomonas campestris pvs.

1
1
1
2
1
1
1
1
1
3
1
1
20
5
2
1
5
1
1
5
5
2
2
2
4

18 mm/1
23 mm/1
24 mm/1
-

-

(SCF)
- (OFX)
32 mm (OFX)
12 mm (OFX)
23 mm (OFX)
18 mm (OFX)
NT
- (OFX)
- (OFX)
24 mm(NET)
- (SCF)
12 mm (OFX)
22 mm (NET)
30 mm (OFX)
10 mm (OFX)
24 mm (SCF)
24 mm (OFX)
25 mm (OFX)
27 mm (SCF)
22 mm (SCF)
NT
NT
- (OFX)
10 mm (OFX)
20 mm (SCF)

Total 55 bacterial species

142

7-27 mm/16 strains

-

Microorganisms

a

NC: Negative Control (MeOH).
OFX = Ofloxacin (10 µg/disk); SCF = Sulbactam (30 µg) + Cefoperazona (75 µg) (105 µg/disk); NET = Netilmicin (30 µg/disk) were used as
positive reference standards antibiotic disks (Oxoid); NT=Not tested.
c

Table 2 Antimicrobial activity of Verbascum georgicum extracts (300 µg/disk) against yeast and fungus isolates tested based on the disk diffusion
method.
Inhibition zone in diameter (mm) around test disk
Microorganisms

Number of Strainsa

V. georgicum Extract

NCa

Yeast
Candida albicans

8

9-23 mm/8

-

Fungi
Alternaria alternata
Aspergillus flavus
Fusarium oxysporum
Penicillium spp.

2
2
2
2

-

-

9-23 mm/8 isolates

-

16 isolates

Standard Antibiotic Disksb

- (SCF)

NT
NT
NT
NT

a

NC: Negative Control (MeOH).
OFX = Ofloxacin (10 µg/disk); SCF = Sulbactam (30 µg) + Cefoperazona (75 µg) (105 µg/disk); NET = Netilmicin (30 µg/disk) were used as
positive reference standards antibiotic disks (Oxoid); NT=Not tested.
c
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Antimicrobial activity
Disk-diffusion assay
The dried plant extracts were dissolved in the same
solvent (methanol) to a final concentration of 30 mg/ml
and sterilized by filtration through 0.45 µm Millipore
filters. Antimicrobial activity tests were then carried out
by disk diffusion (18) using 100 µl of suspension
containing 108 CFU/ml of bacteria, 106 CFU/ml of yeast
and 104 spore/ml of fungi spread on nutrient agar (NA),
Sabouraud dextrose agar (SDA), and potato dextrose
agar (PDA) media, respectively. The disks (6 mm in
diameter), containing 10 µl of the extracts (300 µg/disk)
at a concentration of 30 mg/ml, were impregnated in the
inoculated agar. Negative controls were prepared using
the same solvents employed to dissolve the plant extracts.
Ofloxacin (10 µg/disk), sulbactam (30 µg) + cefoperazone
(75 µg) (105 µg/disk) and/or netilmicin (30 µg/disk) were
used as positive reference standards to determine the
sensitivity of one strain/isolate for each microbial species
tested. The inoculated plates were incubated at 37 ºC for
24 h in the case of clinical bacterial strains, for 48 h for
yeast and for 72 h for the fungal isolates. Plant
associated microorganisms were incubated at 27 ºC.
Antimicrobial activity was evaluated by measuring the
inhibition zones in reference to the test organisms. Each
assay in this experiment was repeated twice.
Microdilution assays
The minimum inhibitory concentration (MIC) values
were also studied for the microorganisms that were
determined as sensitive to V. georgicum extract in the
disk diffusion assay. The inocula of microorganisms were
prepared from 12 h broth cultures and suspensions were
adjusted to 0.5 McFarland standard turbidity. The V.
georgicum extract dissolved in 10% dimethylsulfoxide
(DMSO) was first diluted to the highest concentration
(600 µg/ml) to be tested, and then serial 2-fold dilutions
were made in a concentration range from 9.37 to 600
µg/ml in 10 ml sterile test tubes containing nutrient
broth. MIC values of V. georgicum extract against
bacterial strains and Candida albicans isolates were
determined based on a micro-well dilution method (1921).
The 96-well microtiter plates were prepared by
dispensing 95 µl of nutrient broth and 5 µl of the
inoculum into each well. Then 100 µl of V. georgicum
extract initially prepared at a concentration of 600 µg/ml
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was added to the first wells, and 100 µl from their serial
dilutions was transferred into 6 consecutive wells. The
last well, containing 195 µl of nutrient broth without the
compound and 5 µl of the inoculum on each strip, was
used as a negative control. The final volume in each well
was 200 µl. Maxipime (Bristol-Myers Squibb) at the
concentration range of 7.8-500 µg/ml was prepared in
nutrient broth and used as the standard drug for positive
control. The plate was covered with a sterile plate sealer.
The contents of each well were mixed on a microtiter
plate shaker at 300 rpm for 20 s and then incubated at
appropriate temperatures for 24 h. Microbial growth was
determined by absorbance values at 600 nm using an ELx
800 universal microtiter plate reader (Biotek Instrument
Inc, Highland Park, Vermont, USA) and confirmed by
plating 5 µl samples from clear wells on nutrient agar
media. The extract tested in this study was screened twice
for each organism. The MIC was defined as the lowest
concentration of the compounds to inhibit the growth of
microorganisms.

Results and Discussion
In the present study, the antimicrobial compounds
from the aboveground parts of V. georgicum plants
collected from Aflkale in the Eastern Anatolia region of
Turkey were extracted, and evaluated against a wide
range of microorganisms on the basis of disk diffusion
and microdilution assays. In previous studies, it was
reported that methanol was a better solvent for the
consistent extraction of antimicrobial substances from
medicinal plants compared to other solvents such as
water, ethanol and hexane (17,22,23). Therefore,
methanol was used for plant extraction in this study and
antimicrobial activities were quantitatively assessed by the
presence or absence of and inhibition zone and zone
diameters (Tables 1, 2), and MIC values (Table 3). Our
results showed that the methanol extract of V. georgicum
has inhibitory effect on the growth of all Candida albicans
isolates and 17 strains of 10 bacterial species, namely
Bacillus amyloliquefaciens, B. subtilis, B. cereus, B.
pumilus, B. megaterium, B. lentimorbus, B. licheniformis,
Pseudomonas putida, P. syringae, and Escherichia coli
(Tables 1, 2). The maximal inhibition zones and MIC
values for bacterial strains and C. albicans isolates
sensitive to V. georgicum extract were 7-27 mm and
125-250 µg/ml and 9-23 mm and 37.5 µg/ml,
respectively (Tables 1-3). Findings in this study confirmed

M. fiENGÜL, H. Ö⁄ÜTCÜ, A. ADIGÜZEL, F. fiAH‹N, A. A. KARA, ‹. KARAMAN, M. GÜLLÜCE

Table 3. The MIC values of Verbascum georgicum extracts against the the microorganisms
tested in microdilution assay (MIC in µg/ml).
Microorganisms

V. georgicum Extract

Standard Drug (Maxipime)

Bacillus amyloliquefaciens

300

NT

Bacillus cereus

300

250

Bacillus licheniformis

150

-

Bacillus megaterium

300

-

Bacillus pumilus

300

31.25

Bacillus substilis

150

125

Escherichia coli

300

15.62

Pseudomonas syringae

150

31.25

Pseudomonas putida

300

125

Candida albicans

37.5

-

the observations of some other researchers, namely that
some Verbascum species contain substances with
antimicrobial properties (5,6,8-11). However, this is the
first study to provide data that V. georgicum plants
possess potential antibacterial and anticandidal activities.
On overall evaluation of the results showed that
except for Candida albicans isolates there is no uniform
response within or between the bacterial strains of the
same species in terms of susceptibility to antimicrobial
compounds in V. georgicum extract, even though 82% of
bacterial strains sensitive to the V. georgicum extract
were Gram-positive (24). These kinds of differences in
susceptibility among the bacterial strains against
antimicrobial substances in plant extracts may be
explained by the differences in cell wall composition
and/or inheritance of antimicrobial-resistance genes on
plasmids that can easily be transferred among bacterial
strains.

Conclusions
The results in the present study suggest that V.
georgicum extract possesses compounds with
antibacterial and anticandidal properties that can be used
as antimicrobial agents in the development of new drugs
for the treatment of infectious diseases.
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