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ABSTRACT

The study is to test in vitro the antimicrobial efficacy of chloroform extracts of 10 plant taxa from Turkey
and four of them are endemic. The antimicrobial activity from the extracts of various plants was determined
according to the disc diffusion method by using Escherichia coli ATCC 25213, Escherichia coli ATCC
35218, Klebsiella pneumoniae ATCC 27736, Proteus vulgaris RSKK 96026, Yersinia enterocolitica RSKK
1501, Salmonella enteritidis RSKK 171, Pseudomonas aeruginosa NRLL B-23, Proteus vulgaris RSKK
96026, Listeria monocytogenes Li6, Staphylococcus aureus ATCC 25923, S. aureus Cowan |, Bacillus
cereus RSKK 863, B. subtilis ATCC 6633, Candida albicans ATCC 10231 and C. tropicalis (clinical
isolate). 10 extracts showed antibacterial activity against all test bacteria. Four plants namely Phlomis
pungens var. pungens, P. pungens var. hirta, P. armeniaca, Tanacetum argenteum subsp. canum var.
canum, demonstrated broad spectrum anticandidal activity. It is shown that there is no anticandidal activity
of Astragalus densifolius subsp. amasiensis, A. angustifolius subsp. angustifolius var. angustifolius, Achillea
biebersteinii, A. setacea, A. teretifolia, A. phrygia. B. subtilis and B. cereus were the most sensitive bacteria
to all plant extracts. On the contrary, P. aeruginosa were the most resistant microorganism.
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INTRODUCTION

Plant extracts, for the treatment of various ailments, were highly regarded by the ancient civilizations
[1]. Even today, plant materials remain an important resource for combating illnesses, including
infectious diseases, and many of these plants have been investigated for novel drugs or templates for
the development of new therapeutic agents

[2]. Nowadays, the development of resistance by a pathogen to many of the commonly used
antibiotics provides an impetus for further attempts to search for new antimicrobial agents to combat
infections and overcome the problems of resistance and side effects of the currently available
antimicrobial agents [3]. The treatment of infectious diseases with antimicrobial agents continues to
present problems in modern-day-medicine with many studies showing a significant increase in the
incidence of bacterial resistance to several antibiotics [4, 5]. Multiple drug resistance in human
pathogenic microorganisms has developed due to indiscriminate use of commercial antimicrobial
drugs commonly used in the treatment of infectious diseases. This situation forced scientists for
searching new antimicrobial substances from various sources which are the good sources of novel
antimicrobial chemotherapeutic agents [6-8].

This research was focused on the antimicrobial activity of 10 different plant taxa; Phlomis pungens
Willd. var. pungens, P. pungens Willd. var. hirta Velen., P. armeniaca Willd. (endemic/Irano-
Turanian), Tanacetum argenteum (Lam.) Willd subsp. canum (C. Koch) Grierson var. canum,
Astragalus densifolius Lam. subsp. amasiensis (Freyn) Aytag&Ekim (endemic/lrano-Turanian), A.
angustifolius Lam. subsp. angustifolius var. angustifolius, Achillea biebersteinii Afan., A. setacea
Waldst.&Kit, A. teretifolia Willd (endemic/lrano-Turanian)., A. phrygia Boiss.&Ball (endemic/Irano-
Turanian).
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MATERIALS AND METHOD

Plants materials

In the current work, 10 plant taxa from Amasya (Turkey) were selected. Mature plants were collected
from several sites in the Amasya region (Turkey), during the spring and summer seasons (April-June)
of 2005. Davis [9] and other related studies for example; Cansaran and Aydogdu [10], Cansaran [11]
were utilized in the identification of the specimens. When the authors of the plant taxa were being
written, “Authors of Plant Names” was used [12]. Plants were deposited in the Department of
Biology, Faculty of Science, Pamukkale University, Denizli (Turkey).

Preparation of the crude extracts

The dried plant samples were powdered in a blender. Then about 200 g of dry powdered plant
material was extracted individually with chloroform (Merck) in a soxhlet apparatus (6 h for each
plant) at 62 °C. The extracts were evaporated under reduced pressure and dried using rotary
evaporator. Dried extracts were stored in labeled sterile screw capped bottles at -20 °C.

Test microorganisms

The following strains of bacteria were used: Escherichia coli ATCC 25213, E. coli ATCC 35218,
Klebsiella pneumoniae ATCC 27736, Yersinia enterecolitica RSKK 1501, Salmonella enteritidis
RSKK 171, Pseudomonas aeruginosa NRRL B-23, Proteus vulgaris RSKK 96026, Listeria
monocytogenes Li6, Staphylococcus aureus ATCC 25923, S. aureus Cowan |, Bacillus cereus RSKK
863, B. subtilis ATCC 6633, Candida albicans ATCC 10231 and C. tropicalis (clinical isolate) were
used as test microorganisms.

Determination of antimicrobial activity

The antimicrobial activities of the plant extracts were determined by the disc-diffusion method [13].
All the microorganisms mentioned above were incubated at 37 + 0.1 °C (30 + 0.1 °C for only L.
monocytogenes) for 24 h by inoculation into Nutrient broth. Candida albicans and C. tropicalis were
incubated Yeast Extract Peptone Dextrose (YEPD) in broth at 28 + 0.1 °C for 48 h. The culture
suspensions were prepared and adjusted by comparing against 0.5 Mc Farland turbidity standard
tubes. Nutrient Agar and YEPD Agar (20 ml) were poured into each sterilized Petri dish after
injecting cultures (100 ul) of microorganisms and distributing medium in Petri dishes
homogeneously. For the investigation of the antibacterial and anti-candidal activity, the dried plant
extracts were dissolved in dimethylsulfoxide (DMSO) to a final concentration of 10% and sterilized
by filtration through a 0.22 um membrane filter [3, 14]. The discs (6 mm) were impregnated with 30
ul of the prepared extracts at the concentration of 10 mg/ml and placed on the inoculated agar. At the
end of the incubation period, inhibition zones formed on the medium were evaluated in mm. Studies
were performed in duplicate and the inhibition zones were compared with those of reference discs.
Reference discs used are as follows: Ampicillin (10 pg), Gentamicin (10 pg), Streptomycin (10 pg),
and Nystatin (50 pg). Inhibitory activity of DMSO was tested by preparing a concentration of 10 %
DMSO in water and inoculating with 30 pl on Petri dishes after injecting cultures of microorganisms.
Statistical analysis

All antimicrobial experiments were done in seven times. The comparisons of the recorded data were
made by ANOVA General Linear Model.

RESULTS

In the present study, the antimicrobial activity of chloroform extracts of P. pungens var. pungens, P.
pungens var. hirta, P. armeniaca (endemic), T. argenteum subsp. canum var. canum, A. densifolius
subsp. amasiensis (endemic), A. angustifolius subsp. angustifolius var. angustifolius, A. biebersteinii,
A. setacea, A. teretifolia (endemic) and A. phrygia (endemic) was determined against some Gram (-)
and Gram (+) which bacteria pathogenic and yeasts, C. albicans and C. tropicalis.

The results of the antimicrobial screening of the crude extracts of all species of plants are shown in
Table 1. The inhibition zone diameter of the reference antibiotics and antifungal to the
microorganisms are shown in Table 2. The chloroform extracts of this plants (4 of them are endemic)
inhibited the growth of bacteria and yeasts. The antimicrobial activity of plant extracts was variable
according to the species, subspecies or variety. The inhibition zones ranged between 4.5 and 33 mm
diameter. The final concentration of DMSO in the assays did not interfere with the microbial growth.
Thus, we may conclude that the antibacterial activity in this assay is exclusively due to plant extracts.
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In general, among tested microbial strains, bacteria were found to be more sensitive, except P.
aeruginosa, to many of the tested plants than fungi. Four plants namely P. pungens var. pungens (9
mm for C. albicans and 8 mm for C. tropicalis) P. pungens var. hirta (13 mm for C. albicans and 11
mm for C. tropicalis), P. armeniaca (15 mm for C. albicans and 13 mm for C. tropicalis), T.
argenteum subsp. canum var. canum (12 mm for C. albicans and 10 mm for C. tropicalis)
demonstrated broad spectrum anticandidal activity. It is shown that there is no anticandidal activity of
A. densifolius subsp. amasiensis, A. angustifolius subsp. angustifolius var. angustifolius, A.
biebersteinii, A. setacea, A. teretifolia, A. phrygia. B. subtilis and B. cereus were the most sensitive
bacteria to all plant extracts. On the contrary, P. aeruginosa were the most resistant bacteria. Some
organisms exhibited only slight susceptibility. Generally, the plants showed better antimicrobial
activity against the Gram (+) bacteria than Gram (-) bacteria. Gram (+) bacteria were most susceptible
to all plants with inhibition zones between 11 and 37 mm. Gram-negative bacteria were most resistant
to plants with inhibition zones between 4.5 and 25 mm. The diameters of growth inhibition zones in
P. armeniaca extract ranged from 29 to 34 mm with the highest inhibition zone values observed
against the medically important pathogens such as S. aureus ATCC 25923 and S. aureus Cowan | (32
mm), L. monocytogenes (29 mm), B. cereus (34 mm) and B. subtilis (33 mm). The extract of T.
argentum subsp. canum var. canum showed significant inhibition of S. aureus ATCC 25923, S.
aureus Cowan I, L. monocytogenes, B. cereus and B. subtilis (diameter inhibition zones; 25, 23, 32,
36 and 37 mm, respectively).

Table 1. Antimicrobial activities * of chloroform extracts from selected plants of Amasya, Turkey

Plants”

A.d.
Aa.
A.b.
As.
At
A.p.
P.p.1
P.p.2
P.a.
Ta.

E.c.(1) E.c.(2) Kp. Y.e. Sent. Pa P.v. L.m. S.a.(1) S.a(2) B.c B.s. C.a
1240 13+t0 11+0 17+0 21t1 - 24+0 290 28+ 0 27+0 30+0 310 -
11+ 0 1240 10+0 18+0 22+0 - 26+0 270 29+ 0 24+0 30+0 320 -

5+1 9+1 7+1 16+0 18+0 - 19+0 21+1 19+ 0 15£0 25+0 270 -
6+ 0 11+0 9+0 15+3 16x0 - 21+0 200 22+ 0 13+1 22+0 250 -
45+05 10+0 11+0 17+0 19+0 - 23+1 250 21+1 1240 19+0 230 -
75+05 12+0 8+0 14+0 21+1 - 200 24+0 20+ 0 1140 21+1 2240 -
6+ 0 8+0 11+0 1740 21+1 - 18+0 23+0 31+0 29+0 32+0 30x0 9+1
8+0 13t0 14+0 19+0 2310 - 25+0 270 28+ 0 300 32+0 31+0 13+0
75+05 12+0 13+0 21+1 25+0 - 28+t0 29+0 32+0 3240 34+0 33+t0 15+0
18+0 1740 21+1 23+0 2510 - 29+0 320 25+ 0 23t0 36x0 37+0 12+0

Ct

®Diameter in mm of the zone of inhibition; (-)= no inhibition, E. c¢.(1) = E. coli ATCC 25213, E. ¢.(2) = E. coli ATCC 35218, K. p. = K.
pneumoniae ATCC 27736, Y. e. = Y. enterocolitica RSKK 1501, S. ent. = S. enteritidis RSKK 171, P. a. = P. aeruginosa NRRL B-23, P.
v. = P. vulgaris RSKK 96026 L.m.= L. monocytogenes Li6, S.a.(1)=S. aureus ATCC25923, S.a.(2)=S. aureus Cowan |, B. c. =B. cereus
RSKK 863, B.s. = B. subtilis ATCC 6633, C. a.= C. albicans ATCC 10231, C.t.= C. tropicalis (clinical isolate). Plants name® A.
densifolius subsp. amasiensis (A.d.), A. angustifolius subsp. angustifolius var. angustifolius (A.a.), A. biebersteinii (A.b.), A. setacea (A.s.),
A. teretifolia (A.t.), A. phrygia (A.p.), P. pungens var. pungens (P.p.1), P. pungens var. hirta (P.p.2), P. armeniaca (P.a.), T. argentum
subsp. canum var. canum (T.a.).

DISCUSSION

Emergence of multi-drug resistance in human and animal pathogenic bacteria as well as undesirable
side effects of certain antibiotics has triggered immense interest in the search for new antimicrobial
drugs of plant origin. For the study of plant extracts, the number of microbial strains was reduced in
accordance with their known function as human pathogenic and food destroying agents. P. pungens
var. pungens, P. pungens var. hirta, P. armeniaca (endemic), T. argenteum subsp. canum var. canum,
A. densifolius subsp. amasiensis (endemic), A. angustifolius subsp. angustifolius var. angustifolius, A.
biebersteinii, A. setacea, A. teretifolia (endemic) and A. phrygia (endemic) were selected based on
their relevant ethno-medical use. The antimicrobial activity profile of all species of plants against the
tested strains indicated that Gram (+) bacteria were the most susceptible bacteria group of all the
bacterial test strains. P. aeruginosa was the most resistant strain of all the bacteria used in this study.
In fact, Gram (-) bacteria especially P. aeruginosa are frequently reported to have developed multi
drug resistance to many of the antibiotics [15]. Therefore, it is not surprising to learn that P.
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aeruginosa is the least responding bacterial strain to the tested plant extracts. These results are similar
to those of previous reports in the literature indicating that Gram (-) bacteria are more resistant to

Table 2. Standards and inhibition zones diameters (mm).

Microorganisms Ampicilin (10  Gentamicin (10 pg) Streptomycin (10 Nystatin (50 pg)
ne) ng)

E.coli ATCC 25213 S ND ND ND
E. coli ATCC 35218 S ND ND ND
K. pneomoniae ATCC ND ND IS ND
27736
Y. enterocolitica RSKK R ND ND ND
1501
S. enteritidis RSKK 171 S ND ND ND
P. aeruginosa NRLL B- ND IS ND ND
23
P. vulgaris RSKK 96026 ND ND S ND
L. monocytogenes Li6 ND ND S ND
S. aureus ATCC 25923 ND ND S ND
S. aureus Cowan | ND ND S ND
B. cereus RSKK 863 ND ND R ND
B. subtilis ATCC 6633 ND ND S ND
C. albicans ATCC ND ND ND IS
10231
C. tropicalis (clinical ND ND ND IS
isolate)

ND: not determined, S: Sensitive, R: Resistant, IS: Intermediate Sensitivity

essential oils than Gram (+) bacteria. This resistance has been attributed to the presence of cell wall
lipopolysaccharides, which can screen out the essential oils, the lipids are thus prevented from
accumulating on the transporting cell membrane, and from entering the cells [16]. As known S.
aureus, L. monocytogenes, and Bacillus species especially B. cereus is agents of food poisoning. The
most interesting area of application for plant extracts is the inhibition of growth and reduction in
numbers of the more serious foodborne pathogens such as Salmonella spp., Escherichia coli
0O157:H7, and Listeria monocytogenes [17]. The diameters of growth inhibition zones in P.
armeniaca extract ranged from 29 to 34 mm with the highest inhibition zone values observed against
the medically important pathogens such as S. aureus ATCC 25923, S. aureus Cowan I, L.
monocytogenes, B. cereus (34 mm) and B. subtilis. Baytop [18, 19] reported that Turkish Phlomis
species are used as herbal teas (dag ¢ay1), as tonic, carminative, appetizer and stimulants in the folk
medicine and recognized by local names as ‘‘ballikotu, calba, ¢calba or salba”. Some medicinal usages
of P. grandiflora as treatment for stomach disorders were documented by Gurbuz et al.[20] and
Ozcelik [21]. In our study, while Achillea biebersteinii, A. setacea, A. teretifolia and A. phrygia
extracts were inactive against Candida albicans and C. tropicalis, these extracts showed antibacterial
activity against all of bacteria, except P. aeruginosa. Similar results were reported with Achillea L.
shown that chloroform extract of A. teretifolia exhibited antibacterial activity against S. aureus
(MORSA), S. epidermidis, and S. typhimurium and all of the extracts were inactive against C.
albicans [22].

Among the plant species, significant differences were found in terms of inhibition zones (F=145.48,
P<0.0001). Also among the microorganisms, significant statistical differences were found in terms of
testing these plants on 14 different microorganisms (F=784.74 P<0.0001).

When comparing the antimicrobial activity of the tested samples to that of reference antibiotics, the
inhibitory potency of tested extracts could mostly be considered as important (Table 2). This is due to
the fact that medicinal plants are of natural origin, which means more safety for consumers, and are
considered that they are being low risk for resistance development by pathogenic microorganisms.
Enterotoxins produced by Escherichia coli, Staphylococcus aureus and Yersinia species are
responsible for toxicity in the intestinal tract causing diarrhea, etc. in humans [23]. In present study,
plant extracts inhibited the growth of these bacteria that cause some diseases and thus plant extracts
can be a good antibacterial for medicated some infections care formulations.
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In summary, it might be said that these plants which are used in our study, may be used or protection
against bacteria and Candida in ethno-medicine and future work is needed to focus the research on the
chemical identification of the antimicrobial ingredients.

REFERENCES

[1]
(2]

(3]

(4]
[5]
(6]
(7]
(8]

(9]
[10]
[11]

[12]
[13]

[14]

(18]

[16]
[17]
(18]

[19]
[20]

[21]
[22]

(23]

Grabley, S. & Thiericke, R. (1999). Drug Discovery from Nature. Spinger-Berlin-Heidelberg, London.
Konig, G.M. (1992). Meeresorganismen als Quelle pharmazeutisch bedeutsamer Naturstoffe. Deutsche
Apotheker Zeitung, 132(14): 673-683.

Ali-Shtayeh, M.S., Yaghmour, R.M.R., Faidi, Y.R., Salem, K. & Al-Nuri, M.A. (1998). Antimicrobial
activity of 20 plants used in folkloric medicine in the Palestinian area. Journal of Ethnopharmacology,
60:265-271.

Kunin, C.M. (1993). Resistance to antimicrobial drugs-a world-wide calamity. Annals of Internal
Medicine, 118(7):557-561.

Finch, R.G. (1998). Antibiotic resistance. Journal of Antimicrobial Chemotherapy, 42(2):125-128.
Karaman, 1., Sahin, F., Giilliice, M., Ogﬁtcgﬁ, H., Sengiil, M. & Adigiizel, A. (2003). Antimicrobial
activity of aqueous and methanol extracts of Juniperus oxycedrus L. Journal of Ethnopharmacology,
85:213-235.

Lee, M.H., Kwon, H.A., Kwon, D.Y., Park, H., Sohn, D.H., Kim, Y.C., Eo, S.K., Kang, H.Y., Kim,
SW. & Lee, J.H. (2006). Antibacterial activity of medicinal herb extracts against Salmonella.
International Journal of Food Microbiology, 111:270-275.

Khoobchandani, M., Ojeswi, B.K., Ganesh, N., Srivastava, M.M., Gabbanini, S., Matera, R., lori, R. &
Valgimigli, L. (2010). Antimicrobial properties and analytical profile of traditional Eruca sativa seed
oil: Comparison with various aerial and root plant extracts. Food Chemistry, 120:217-224.

Davis, P.H. (1965-1985). Flora of Turkey and the East Aegean Islands (Vol. 1-9). Edinburgh Univ.
Press, Edinburgh.

Cansaran, A. & Aydogdu, M. (1998). Flora of the Area between Amasya Castle and the villages of
Vermis and Yuvacik. Turkish Journal of Botany, 22:269-283.

Cansaran, A. (2002). The Flora of Egerli Mountain (Amasya-Turkey). Turkish Journal of Botany,
26:453- 475.

Brummitt, R.K. & Powell, C.E. (eds.) (1992). Authors of Plant Names. Royal Botanic Gardens, Kew.
Collins, C.H. (1995). In: Lyne, P.M., Grange, J.M. (Eds.), Microbiological Methods seventh ed.
Butterworths, London, p.493.

Tepe, B., Daferera, D., Sokmen, A., Sokmen, M. & Polissiou, M. (2005). Antimicrobial and
antioxidant activities of the essential oil and various extracts of Salvia tomentosa Miller (Lamiaceae).
Food Chemistry, 90:333-340.

Mangena, T. & Muyima, N.Y.O. (1999). Comparative evaluation of the antimicrobial activities of
essential oils of Artemisia afra, Pteronia incana and Rosmarinus officinalis on selected bacteria and
yeast strains. Letters in Applied Microbiology, 28: 291-296.

Bezic, N., Skocibusic, M., Dunkic, V. & Radonic, A. (2003). Composition and antimicrobial activity of
Achillea clavennae L. essential oil. Phytotherapy Research, 17:1037-1040.

Burt, S. (2004). Essential oils: Their antibacterial properties and potential applications in foods-a
review. International Journal of Food Microbiology, 94:223-253.

Baytop, T. (1997). A Dictionary of Vernacular Names of Wild Plants of Turkey (Vol. 578). Publication
of the Turkish Language Society, Ankara.

Baytop, T. (1999). Therapy with Turkey, Past and Present. Nobel Medical Press, Istanbul.

Gurbuz, 1., Ustun, O., Yesilada, E., Sezik, E. & Kutsal, O. (2003). Antiulcerogenic activity of some
plants used as folk remedy in Turkey. Journal of Ethnopharmacology, 88:93-97.

Ozcelik, H. (1987). The names and methods of using some plants which are growing naturally in and
around Akseki. Turkish Journal of Botany, 11:316-321.

Karaalp, C., Yurtman, A.N., Yavasoglu, N.U.K. (2009). Evaluation of antimicrobial properties of
Achillea L. flower head extracts. Pharmaceutical Biology, 47(1):86-91.

Demirci, F., Guven, K., Demirci, B., Dadandi, M.Y. & Baser, K.H.C. (2008). Antibacterial activity of
two Phlomis essential oils against food pathogens. Food Control, 19:1159-1164.

ADVANCES IN BIORESEARCH Vol 1 (1) June 2010 90



