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Abstract

Antibiotic resistance has become a global concern. In recent years there has been increasing inci-
dence of multiple resistance in human pathogenic microorganisms, largely due to the indiscriminate use
of commercial antimicrobial drugs commonly employed in the treatment of infectious diseases. This has
forced scientists to search for new antimicrobial substances from various sources like medicinal plants.

The study was designed to determine the antimicrobial properties of a tincture prepared from 26
plants growing in Macedonia. The antimicrobial potential of the tincture was evaluated using the mi-
cro-broth dilution method using 96-well microtiter plates, which enabled determination of the minimal
inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) or minimal fungicidal con-
centration (MFC). The tincture was subjected to serial dilutions in descending concentrations starting from
a concentration of 50% and finishing with a concentration of 0.39%. Thirteen reference bacterial strains
and eight fungal strains were used.

Generally, the tincture was found to be active, with MIC ranging from 0.39 to 25%, and with MBC
and MFC ranging from 0.78 to 50%. However, of the tested fungi, Fusarium sp. and 4. niger ATCC 1052
were found to be the most resistant of the examined microorganisms, the most resistant appeared to be P,
aeruginosa ATCC 9027 and S. enteridis FNS-BCC 98.

The present study suggests that the tincture from these plants is a potential source of natural antibac-
terial and antifungal agents. After this screening experiment, further work should be performed to describe
the antimicrobial activities in more detail.
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Pe3rome

Pe3nucTeHTHOCTTA KbM aHTUOMOTHLIM C€ MPEBbPHA B I100aneH npobieM. [Ipe3 nmocneaHnTe roquHu
ce HaOM0jaBa HapacTBallla Y4eCTOTa Ha MHOXKECTBEHA PE3UCTEHTHOC HA TaTOT€HHUTE MUKPOOPTaHU3MH 10
yoBeka. To3u (heHOMEH /10 rojisiMa CTEeMeH ce IBbJDKU Ha 0e3pa300pHOTO M3MOI3BaHE HA ThPrOBCKU aHTH-
MUKPOOHHU Cpe/ICTBa IIPU JICUEHHETO Ha MH(EKIMO3HHU 3a00ssBaHus. ToBa MpUHYKAaBa YUEHUTE Aa ThPCST
HOBH aHTHMUKPOOHH BEUIECTBA OT Pa3IMYHU H3TOUYHUIIM KaTO HAIp. JICUCOHUTE PACTCHHUS.

HacTosimoTo mpoyyBaHe € MpeaHa3Ha4eHo Ja ONpeein aHTUMUKPOOHUTE CBOMCTBA HA THHKTYpA,
MPUTOTBEHA OT 26 pacTeHwHsl, OTIIeKIaHN B MakeqoHus. AHTUMUKPOOHUAT MOTEHIIMAN Ha TUHKTypaTa
ce OLIEHsBAa 10 METO/A 3a pa3pe’kIaHe Ha MUKPOOPTraHU3MUTE, U3MOJI3BAKU MUKPOTUTHPHU IIAKU ¢ 96
SIMKH, KOMTO TO3BOJISIBAT ONpPEAEIHETO Ha MUHUMalTHA nHXuOMpaiia koHenrpanus (MIC) u munumanua
Oaxtepunuana konueHntpanus (MBC) wnn muanmanua gyarunuasa kornentpamus (MFC). Tunkrypara
ce Iojjara Ha CepuilHM pa3pekJaHusl B HU3XOASIIN KOHIEHTPALKH, 3al04Baiku OT kKoHUeHTpaus 50%
1 3aBbpiBaiia ¢ konuentpanus 0.39%. M3non3sanu ca TpuHaaeceT peepeHTHH OaKTepHallHu IIaMOBE U
0CeM I'bOMYHH Iama.

YcraHoBeHO €, 4e TUHKTypara MposiBIBa aHTUMUKpOoOHa akTuBHOCT. Onpenenenara MIC Bapupa ot
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0,39 no 25%, a MBC u MFC Bapupar ot 0,78 1o 50%. Pesynratute, o6aue mokaspar, 4e OT U3CJICIBAHUTE
MHUKPOOPIaHU3MHU Hal-pe3uCTEeHTHHU ca reoute Fusarium sp. u A. niger ATCC 1052, a ot Gakrepunre - P,

aeruginosa ATCC 9027 u S. enteridis FNS-BCC 98.

Hacrosioro npoyuBaHe 1oka3Ba, Y€ TUHKTypaTa OT T€3U PACTEHMs € MOTEHLUAJIEH M3TOYHUK Ha
€CTECTBEHU aHTHOAKTEpUAIHU U TPOTUBOIbOMYHU cpeacTBa. Clie TO3U CKpUHUHIOB €KCIIEPUMEHT TpsiOBa
Jla ce U3BBPIIN N0-HaTaThIIHA paboTa, 3a Ja C€ ONMUIIAT aHTUMUKPOOHUTE JEHHOCTH MO-MIOAPOOHO.

Introduction

The use of plants for treating diseases is as
old as the human species. For centuries, the thera-
peutic properties of various medicinal plants have
been used to treat human diseases. It has been es-
timated that between 60-90% of the populations of
developing countries use traditional and botanical
medicines almost exclusively and consider them
to be a normal part of primary healthcare (WHO,
2002).

According to the WHO, traditional medicine
includes health practices, approaches, knowledge
and beliefs incorporating plants, animals and
mineral based medicine, spiritual therapies, manual
techniques and exercises, applied singularly or in
combination to treat, diagnose and prevent illnesses
and maintain well-being. The therapeutic use of
natural products is the early medical practice. To
date, in the world there are more than 85,000 plant

Table 1. Evaluated plants in the study.

Common name Latin binomial name Family Plant part
1 | stjohn’s-wort Hypericum perforatum Hypericaceae flowers
2 | yarrow Achillea millefolium Asteraceae leaves
3 | european centaury Centaurium erythraea Gentianaceae flowers
4 | milk thistle Marianum silybum Asteraceae flowers
5 | greater celandine Chelidonium majus Papaveraceae leaves
6 | white birch tree Betula alba Betulaceae leaves
7 | blackberry Rubus fruticosus Rosaceae leaves
8 | common horsetail Equisetum arvense Equisetaceae aerial part
9 | smooth rupturewort Herniaria glabra Caryophyllaceae | aerial part
10 | summer savory Satureja hortensis Lamiaceae leaves
11 | common nettle Urtica dioica Urticaceae leaves
12 | great yellow gentian Gentiana lutea Gentianaceae leaves
13 | common agrimony Agrimonia eupatoria Rosaceae aerial part
14 | wall germander Teucrium chamaedrys Lamiaceae aerial part
15 | breckland wild thyme | Thymus serpyllum Lamiaceae leaves
16 | mountain germander | Teucrium montanum Lamiaceae aerial part
17 | common dandelion Taraxacum officinale Asteraceae flowers
18 | horse chestnut Aesculus hippocastanum Sapindaceae flowers
19 | white man’s foot Plantago major Plantaginaceae |leaves
20 | lemon balm Melissa officinalis Lamiaceae leaves
21 |sage Salvia officinalis Lamiaceae leaves
22 | dogrose Rosa canina Rosaceae flowers
23 | shepherd’s purse Capsella bursa-pastoris Brassicaceae leaves
24 | common knotgrass Polygonum aviculare Polygonaceae aerial part
25 | peppermint Mentha piperita Lamiaceae leaves
26 |clove Eugenia caryophyllata Myrtaceae flower buds
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species that have been documented for medical use.
This indicates that plant-derived natural products hold
great promise for the discovery and development of
new pharmaceuticals against diverse human ailments
(Qurishi ez al., 2010).

The expanding bacterial resistance to antibiotics
has become a growing concern worldwide (Gardam,
2000). Increasing bacterial resistance is prompting a
resurgence in research of the antimicrobial role of herbs
against resistant strains (Hemaiswarya et al., 2008;
Alviano and Alviano, 2009). A vast number of medicinal
plants have been recognized as valuable resources of
natural antimicrobial compounds (Mahady, 2005).

The screening of plant products for antimicro-
bial activity have shown that the higher plants repre-
sent a potential source of novel antibiotic prototypes
(Afolayan, 2003).

The aim of this study was comparison of a spec-
trum of antimicrobial properties of a tincture prepared
from 26 plants growing in Macedonia, to create a re-
serve for new sources of antimicrobial agents, some of
which may be extracts from plants.

Table 2. Test microorganisms used in the study.

latest edition of the European Pharmacopoeia.
Each of the dried herbs was mixed with ethanol
35% (V/V)ina 1 to 10 ratio (10 g herbal drug per
100 ml ethanol) and allowed to stand for 5 days
in the dark at room temperature with occasional
shaking; then they were filtered and combined.
Then the tincture was stored under refrigeration at
4°C for further studies.

Test Microorganisms

Antimicrobial activities were tested against
thirteen bacteria and eight molds (Table 2). The
microorganisms were provided from the collec-
tion of the Microbiology Laboratory at the Faculty
of Natural Sciences and Mathematics in Skopje.

Culture Media

Test bacteria were cultured in Mueller-Hin-
ton broth and Mueller-Hinton agar (Merck,
Darmstadt, Germany), and for the molds Sab-
ouraud Dextrose Broth and Sabouraud Dextrose
agar (Merck, Darmstadt, Germany) was used.

Bacteria Molds
1 Bacillus subtilis ATCC 6633 Aspergillus ochraceus
2 Bacillus pumilus NCTC 8241 Alternaria alternata
3 Bacillus sp. Fusarium sp.
4 Staphylococcus citrus Botrytis cinerea
5 Staphylococcus albus Penicillium sp.
6 Staphylococcus aureus Plasmopara viticola
7 Micrococcus luteus Aspergillus niger ATCC 1052
8 Listeria monocytogenes Penicillium commune
9 Sarcina lutea
10 Escherichia coli ATCC 8739
11 Pseudomonas aeruginosa ATCC 9027
12 Salmonella typhimurium
13 Salmonella enteridis
Materials and Methods Standardization of Microbial Suspension

Processing of medicinal plants

The whole plant or parts of plants (Table 1)
were used to prepare extracts for the study. The plants
collected were washed with water to remove the soil
and dust particles. Then they were dried in a thorough-
ly shaded place, and blended to form a fine powder
and stored in airtight containers.

Preparation of tinctures
The tinctures were prepared according to the
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Microbial suspension was prepared by
the direct colony method. The turbidity of the
initial suspension was adjusted by compari-
son with 0.5 McFarland’s standard (Andrews,
2005). The initial suspension contained about
10 colony forming units (CFU)/mL.

Microdilution Method
The antimicrobial activities of the tincture
were assessed using the microdilution method with



Table 3. Antimicrobial activity of tincture against test Gram-positive and Gram-negative bacteria.

Bacteria MIC! MBC?

Gram-positive bacteria
B. subtilis ATCC 6633 25 50
B. pumilus NCTC 8241 12.5 25
Bacillus sp. 12.5 25
S. citrus 0.39 0.78
S. albus 6.25 25
S. aureus ATCC 6.25 12.5
M. luteus 3.125 6.25
L. monocytogenes 12.5 25
S. lutea 0.39 6.25

Gram-negative
E. coli ATCC 8739 6.25 12.5
P. aeruginosa ATCC 9027 25 50
S. typhimurium 12.5 25
S. enteridis 25 50

'MIC= Minimum inhibitory concentration (% tincture, V/V)
MBC= Minimum bactericidal concentration (% tincture, V/V)

resazurin as an indicator of microbial growth (Sarker
et al. 2007). The antimicrobial assay was performed
by using a sterile 96-well plate, and the minimum
inhibitory concentration (MIC) and minimum
bactericidal/fungicidal concentration (MBC/ MFC)
values were determined. The test plates were
prepared by dispensing 50 pL. of Mueller-Hinton
broth/ Sabouraud dextrose Broth into each well. A
volume of 50 pL from the stock solution of tested
tincture was added into the first column of the plate
and then two-fold serial dilutions of extracts were
performed. Each test plate included growth control
and sterility control. MIC was defined as the lowest
concentration of tested tincture that prevented a
resazurin color change from blue to pink. All tests
were performed in triplicate and MIC values were
constant.

The wells that demonstrated inhibitory ac-
tivities were further tested for bactericidal/ fungi-
cidal activity. A sample from each well that tested
positive for inhibitory activity was inoculated on
fresh sterile Mueller-Hinton agar/Sabouraud dex-
trose Agar plates and incubated additionally for 24
h at 37-C for bacteria, and 5 days at 25-C, for molds.
Absence of colonies was regarded as positive for
bactericidal/fungicidal activity, while growth of
colonies was regarded as negative. MBC/ MFC
was defined as the lowest concentration of the tinc-
ture that resulted in microbial death. All tests were
performed in triplicate and MBC/MFC values were
constant.

Results and Discussion

Medicinal plants have generated the interest
of man for therapeutic values chiefly because of the
presence of secondary metabolites. It is obvious that
plants have their own builtin defense mechanism
against infection by almost all microorganisms.
The antimicrobial properties of plant extracts,
therefore, are a result of the presence of secondary
metabolites, such as alkaloids, phenols, flavanoids,
terpenoids, essential oils etc (Cowan, 1999).

The present study offers some interesting
aspects about the antimicrobial activity of etha-
nolic plant preparations in vitro.The tinctures’ an-
timicrobial activity was evaluated by determining
the minimum inhibitory concentration (MIC) and
minimum bactericidal (MBC) and fungicidal con-
centration (MFC). We used 96-well microplates
disposed in 12 columns (1 to 12) and eight lines (A
to H). The tested tincture was assessed for its anti-
bacterial properties against all test Gram-positive
and Gram-negative bacteria. The resulting data are
presented in Table 3.

Our results showed that the tincture was
active against all the bacteria used. However, the
power of bacterial growth inhibition depended on
the bacterial species. In most cases the tincture
was found to be active with MICs ranging from
6.25-12.5 %. Only S. citrus and S. lutea were more
sensitive, with MICs of 0.39%. The most resistant
bacteria were B. subtilis ATCC 6633, P. aeruginosa
ATCC 9027 and S. enteridis, all with MICs of 25%.



Furthermore, the activity of the tincture was exam-
ined in detail determining the minimal bactericidal
concentrations. Similar sensitivity was shown by
the tested bacteria when we observed MBCs. The
tincture exerted good to moderate effects against
Gram-positive and Gram-negative bacteria. How-
ever, the presented results show that Gram-positive
bacteria were more sensitive than Gram-negative
bacteria. Cos et al.(2006), reported that Gram-nega-
tive bacteria are generally more resistant compared
to the Gram-positive ones. Also, Shan et al. (2007),
reported that Gram-positive bacteria were generally
more sensitive to the tested extracts than Gram-neg-
ative. A possible explanation for these observations
may lie in the significant differences in the outer
layers of Gram-negative and Gram-positive bacte-
ria. Gram-negative bacteria possess an outer mem-
brane and a unique periplasmic space not found in
Gram-positive bacteria (Duffy and Power, 2001).

The resistance of Gram-negative bacteria to-
wards antibacterial substances is related to the hy-
drophilic surface of their outer membrane, which
is rich in lipopolysaccharide molecules, presenting
a barrier to the penetration of numerous antibiotic
molecules. It is also associated with the enzymes in
the periplasmic space, which are capable of breaking
down the molecules introduced from outside (Nikai-
do, 1994; Gao et al., 1999). Gram-positive bacteria
do not possess this type of outer membrane and cell
wall structure. Antibacterial substances can easily
destroy the bacterial cell wall and cytoplasmic mem-
brane and result in a leakage of the cytoplasm and its
coagulation (Kalemba and Kunicka, 2003).

Plant diseases create challenging problems
in commercial agriculture and pose real econom-
ic threats to both conventional and organic farm-
ing systems. Disease management is complicated
by the presence of multiple types of pathogens. For
any one crop the grower must deal with a variety of
fungi, bacteria, viruses and nematodes. This situa-
tion is even more complicated for organic vegetable
growers because they usually produce a wide array
of vegetable crops and are prohibited from applying
conventional synthetic fungicides. The world mar-
ket continues to be extremely competitive and con-
tinues to require that growers supply high-quality
diseasefree produce with an acceptable shelf life.
Disease management is therefore a critical consid-
eration in organic vegetable production. The use of
natural products for the control of fungal diseases
in plants is considered as an interesting alternative
to synthetic fungicides due to their less negative im-
pacts on the environment (Cao and Forrer, 2001).
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The tincture was assessed also for its anti-
fungal properties against eight test molds. The re-
sulting data are presented in Table 4. According to
these results, the most sensitive molds, with MIC
of 0.39% and MFC of 0.78%, were A. ochraceus,
B. cinerea and P. commune. However, Fusarium sp.
and A. niger ATCC 1052 were the most resistant
molds, with MFC more than 50% tincture. Despite
these findings, from the results it can be concluded
that this tincture showed antifungal activity and can
be used for effective control of molds. This study
has paved the way for the development of a bio-
active natural product with phytosanitary applica-
tions, with the added benefits of being an environ-
mentally safe and economically viable product.

Table 4. Antimicrobial activity of tincture against
test molds.

Molds MIC! MF(C?

A. ochraceus 0.39 0.78
A. alternata 25 50

Fusarium sp. >50 >50
B. cinerea 0.39 0.78
Penicillium sp. 25 50

P viticola 6.25 12.5
A. niger ATCC 1052 >50 >50
P. commune 0.39 0.78

'MIC= Minimum inhibitory concentration (% tincture, V/V)
*MFC= Minimum fungicidal concentration (% tincture, V/V)

According to our findings, the tincture showed
a good microbicidal effect and in vitro activity, so
it has the potential of a natural antimicrobial agent
against both bacteria and molds.

Unlike modern drugs that invariably comprise
a single active species, herb extracts and/or prescrip-
tions contain multiple active constituents. Natural
compounds contained in these “herbal cocktails” can
act in a synergistic manner within the human body,
and can provide unique therapeutic properties with
minimal or no undesirable side-effects (Kaufman et
al., 1999).

A screening of biological properties of medical
plant tinctures demonstrated that herbal extractions
are a potential reserve for the creation of new sourc-
es of antimicrobial agents, particularly for antibiot-
ic-resistant clinical strains of microorganisms, which
are formed under the constant influence of synthetic
and semi-synthetic drugs.



Conclusions

The use of crude extracts of plant parts and phyto-
chemicals of known antimicrobial properties can
be of great significance in therapeutic treatments.
In recent years, a number of studies have been con-
ducted in various countries to prove such efficien-
cy. Many plants have been used because of their
antimicrobial traits, which are due to the secondary
metabolites synthesized by the plants. These prod-
ucts are known by their active substances like phe-
nolic compounds, which are part of essential oils,
as well as of tanning agents.
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