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Chapter 12

Antibacterial and Antifungal Activity
of Secondary Metabolites of Teucrium
Species

Olgica Stefanovié

Abstract Teucrium species are known for their medicinal properties and have
exhibited different biological activities including broad-spectrum antimicrobial
activity. Considering that Teucrium species produce various bioactive compounds
(phenolic acids, flavonoids, saponines, alkaloids, monoterpenes, neo-clerodane
diterpenes, sesquiterpenes, essential oils) they could be an important source of new
antimicrobial compounds. The expanding of knowledge on the antimicrobial plant
compounds has opened wide opportunities for their application in medicine, phar-
macy, and food industry. Accordingly, the aim of this chapter was to collect and
summarize the results of antimicrobial (antibacterial and antifungal) studies. The
results for 44 Teucrium species were processed including both the activity of differ-
ent types of plant extracts and essential oils. Antimicrobial properties were based on
in vitro determination of zones of growth inhibition and minimal inhibitory concen-
trations, using diffusion and dilution method. Teucrium species established broad-
spectrum antimicrobial activity. Generally, the species were more active against
Gram-positive than Gram-negative bacteria and fungi. The essential oils were more
potent than plant extracts. The following Teucrium species exhibited a promising
antimicrobial activity: plant extracts of Teucrium flavum, T. fruticans, T. siculum,
T. yemense, T. sokotranum, T. persicum and T. scordium, especially against Gram-
positive bacteria, and essential oils from Teucrium orientale, T. africanum, T. ramo-
sissimum, T. mascatence, T. yemense, T. massiliense and T. scordonia. Teucrium
polium was one of the most tested Teucrium species and has exhibited pronounced
activity. The activity was observed against important pathogenic bacteria
(Staphylococcus sp., Bacillus sp., Enterococcus sp., Streptococcus sp., Escherichia
coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Salmonella sp.) and fungi
(Candida sp., Trychophyton sp.). In the last 20 years, the significant database of
antimicrobial properties of Teucrium species is formed. However, the mechanisms
of activity are still poorly explored. Only with exact knowledge of these mecha-
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nisms, it will be possible to develop a new generation of standardized, effective
biopreparations. Future studies on bioavailability, pharmacodynamics, and
mechanisms of action will contribute to the development of new Teucrium antimi-
crobial agents.

Keywords Teucrium - Plant extracts - Essential oils - Bacteria - Fungi -
Antibacterial effects - Antifungal effects

Abbreviations

AcOH  Acetone

BuOH  Buthanol

CFU Colony forming unit
CHCIl;  Chloroform

conc. Concentration

DIZ Diameter of inhibition zone
DMC Dihlormethane

EtAc Ethyl acetate

EtOH Ethanol

G- Gram-negative bacteria
G* Gram-positive bacteria
Hex. Hexane

MDR  Multi-drug resistant

MeOH Methanol

MIC Minimal inhibitory concentrations

MRSA  Methicillin-resistant Staphylococcus aureus
RPMI  Roswell Park Memorial Institute

TLC Thin layer chromatography

12.1 Introduction

Various medicinal plants were, for a long time, used for infectious diseases healing.
Medicinal plants synthesized different volatile and non-volatile compounds which
exhibit inhibitory effects on growth and division of pathogenic microorganisms.
Essential oils, balsams, resins of many aromatic plants (exp. Salvia officinalis,
Matricaria chamomilla, Eucalyptus globulus, Syzygium aromaticum, Myrtus com-
munis) are used as remedies for oral hygiene, tooth decay and gingivitis, wound
healing. The essential oils of Thymus vulgaris, T. serphyllum, Origanum vulgare,
Ocimum basilicum content thymol and carvacrol, compounds which interrupt the
growth of microorganisms. Melaleuca alternifolia essential oil is a common
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therapeutic agent to treat acne and other skin infectious problems. The well-known
aromatic plants with the antimicrobial property are Allium sativum, A. cepa and
other species of Allium genus which by hydrolysis of glycosides realized volatile
sulfur-containing bioactive compounds. Antimicrobial activity possesses and
numerous nonvolatile plant’s compounds efficient for wound healing, infection,
and inflammation of mucous membrane of the digestive tract, digestive disorders,
and diarrhea. Proanthocyanidins from Vaccinium macrocarpon are used to treat
urinary tract infections. Moreover, the plant- and spice-based antimicrobial com-
pounds derived from Cinnamomum sp., Syzygium aromaticum, Sinapsis alba,
Laurus nobilis, Carum carvi, Coriandrum sativum, Cuminum cyminum, Origanum
vulgare, Rosmarinus officinalis and Salvia officinalis are used as natural preserva-
tives for food preservation and food safety (Stefanovi¢ et al. 2009, 2012; Tajkarimi
et al. 2010; Saleem et al. 2010; Licina et al. 2013; Antolak and Kregiel 2017,
Tonescu 2018).

The healing properties of species from genus Teucrium (family Lamiaceae)
are well-known. In traditional medicine, the most common uses of these plants
are as a diuretic, diaphoretic, tonic, analgesic, antipyretic, antirheumatic and
antiseptic agent. In the Serbian herbal medicine, Teucrium species (Teucrium
chamaedrys, T. montanum, T. polium and T. scordium) are used as a tonic, anti-
rheumatic, digestion stimulant as well as an antiseptic agent (Sari¢ 1989). In
recent years, numerous studies on Teucrium species bioactivities including anti-
spasmodic, anti-inflammatory, antihypertensive, hypoglycemic, anticancer, anti-
microbial and antioxidant, were reported. The expanding of knowledge on the
antimicrobial plant compounds has opened wide opportunities for their applica-
tion in both the medical and cosmetic purposes, and, also, in the food industry for
storing and preserving food products. Accordingly, the goal of this chapter was
an up-to-date literature review on antimicrobial activity of Teucrium species
summarizing the results and selecting the most potent species for further poten-
tial application.

12.2 Bioactive Plant Compounds

Medicinal and prophylactic properties of medicinal plants are attributed to the syn-
thesized bioactive organic compounds, the products of secondary metabolism of
plants. The one of widely accepted classification of secondary metabolites is into
three large classes: phenolic compounds (8000 types), terpenes (25,000 types), and
alkaloids (12,000 types) (Antolak and Kregiel 2017).

The phenolic compounds are one of the largest groups of secondary metabolites
that have exhibited antimicrobial activity. Important subclasses in this group of
compounds include phenols, phenolic acids, quinones, flavonoids, tannins, and cou-
marins. Phenols are a class of chemical compounds consisting of a hydroxyl func-
tional group (-OH) attached to an aromatic phenolic group. The site(s) and the
number of hydroxyl groups on the phenol group are thought to be related to their
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relative toxicity (Cowan 1999). Quinones have aromatic rings with two ketone sub-
stitutions. Quinones have the potential to form an irreversible complex with nucleo-
philic amino acids in proteins (Cowan 1999). Flavonoids are also hydroxylated
phenolic substances but occur as a C6-C3 unit linked to an aromatic ring. They are
classified according to their biosynthetic origin into the following classes: flavones,
flavonols, flavanones, flavanols, anthocyanidins, isoflavones (Cowan 1999; Cushnie
and Lamb 2011). Hydrolyzable and condensed tannins are found in almost every
plant part: bark, wood, leaves, fruits, and roots. Hydrolyzable tannins are polyesters
of gallic acid (or its derivatives), and the sugar. The condensed tannins are formed
by the coupling of flavan-3-ol or flavan-3,4-diol monomers. Coumarins are benzo-
a-pyrones and could be categorized as simple coumarins and cyclic coumarins
(furanocoumarins and pyranocoumarins) (Ojala 2001).

Terpenes are organic compounds built up from isoprene subunits. According to
the number of isoprene subunits, there are monoterpenes (C10), sesquiterpenes
(C15), diterpenes (C20), triterpenes (C30), tetraterpenes (C40) and polyterpenes.
Monoterpenes, diterpenes, and sesquiterpenes are the primary constituents of the
essential oils (Kovacevic¢ 2004).

Alkaloids, one of the earliest isolated bioactive compounds from plants, are
divided into the three classes: true alkaloids — heterocyclic nitrogen compounds
derived from amino acids, protoalkaloidis — derived from amino acids, but not con-
tain nitrogen in a heterocyclic ring and pseudoalkaloids — not derived from amino
acids (Kovacevi¢ 2004).

12.3 Mechanisms of Antimicrobial Activity
of Plant Compounds

The antimicrobial efficiency of plant compounds depends on several factors: (i)
characteristics of target microorganism (the type, genus, species, strain), (ii) charac-
teristics of plant material (botanical source, composition of the bioactive com-
pounds as well as time of harvesting, stage of development or method of extraction)
and (iii) chemical properties (hydrophilicity, lipophilicity, concentration, pH value).

The antibacterial activity occurs through several mechanisms: (i) disruption of
membrane structure and function (including the efflux system), (ii) interruption of
DNA/RNA synthesis and function, (iii) interference with intermediary metabolism,
(iv) induction of coagulation of cytoplasmic constituents (Cowan 1999; Kovacevic¢
2004; Buzzini et al. 2008; Cushnie and Lamb 2011; Daglia 2012; Radulovi¢ et al.
2013; Coppo and Marchese 2014). The mechanisms of antibacterial action for the
particular class of bioactive compounds are summarized in Table 12.1.

In addition, plant compounds are being able to suppress bacterial toxin produc-
tion by reducing the expression of major virulence genes. Selected plant extracts
inhibit the production of cholera toxin by Vibrio cholerae, reduce the production of
Staphylococcus aureus a-hemolysin, enterotoxins and toxic shock syndrome toxin
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Table 12.1 Mechanisms of antibacterial activity of plant compounds

Class of plant

compounds Mechanism of action

Phenols Changing the permeability of cell membrane and causing the leakage of
cellular content, interfere with membrane proteins resulting in structure
disrupting

Flavonoids Cell membrane disruption, inhibition of nucleic acid synthesis (caused by

topoisomerase inhibition), inhibition of energy metabolism (caused by
NADH-cytochrome c reductase or ATP synthase inhibition), disturbance
of cell wall and cell membrane synthesis

Quinones Formation of irreversible complex with surface-exposed adhesins, cell
wall polypeptides, and membrane-bound enzymes

Proanthocyanidins | Destabilization of cell membrane, inhibition of extracellular microbial
enzymes, direct actions on microbial metabolism, deprivation of the
substrates required for microbial growth

Gallotannins Inactivation of membrane-bound proteins, strong affinity for iron
Coumarins Decrease cell respiration

Essential oils Cell membrane disruption

Alkaloids Intercalate with DNA, inhibition of enzymes (esterase, DNA- polymerase,

RNA-polymerase) or cell respiration

1, reduce the production of vero toxin and inactivate Shiga toxins (Upadhyay et al.
2014). Moreover, it was observed that plant extracts and essential oils inhibit bacte-
rial biofilm formation, motility, attachment, and cell communication (Huber et al.
2003; Borges et al. 2015; Stefanovi¢ et al. 2015; Muruzovi¢ et al. 2016; Silva et al.
2016). Biofilm is defined as a structured community of bacterial cells enclosed in a
self-produced polymeric matrix and adherent to an inert or living surface (Hall-
Stoodley et al. 2004). The ability to form biofilm is recognized as an additional viru-
lence factor which contributes to the long-lasting persistence of bacterium. In
biofilms, bacteria show great tolerance toward antibacterial agents and host immune
defenses what makes difficulties in control and eradication of bacterial infections
(Hgiby et al. 2010).

Studies investigating the mechanism of antifungal activity showed that plant
compounds (essential oils, plant extracts) demonstrate several negative effects on
fungal cell: (i) cause changes in cell membrane function or structure and, also, in the
membranes of organelles (ii) inhibit key enzymes in normal physiological metabo-
lism (respiration and energy production), (iii) inhibit the synthesis of the main poly-
mers of the fungal cell wall, (iv) induce differential expression of critical genes
including those involved in the cellular drug response, oxidation-reduction pro-
cesses, pathogenesis, and the cellular starvation response (Carson et al. 2006; Li
et al. 2013, 2014, 2016).
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12.4 Extraction of Plant Compounds

Medicinal plants may have been specifically cultivated or collected from the wild.
After harvesting, plant material should be cleaned, sorted, and then subjected to
extraction. Fresh or dried plant material can be used. Extraction and isolation of the
bioactive compounds from the plant tissues can be performed by using different
procedures and methods (solvent extraction, distillation, supercritical fluid extrac-
tion). The appropriated extraction procedure used depends on the physical and
chemical properties of the plant material, texture, water content in plant material, as
well as the nature and kind of the compound to be isolated.

Solvent extraction is a process of separation of active compounds from plant
material using different solvents. During extraction, solvents diffuse into the plant
tissues and solubilise compounds with similar polarity. After the extraction process
has finished, solvents have been evaporated, so that an extract is a concentrated
mixture of plant active compounds. Successful extraction is largely dependent on
the type of solvent used in the extraction procedure. The desirable properties of
extracting solvents are: selectivity, large extraction capacity, no interference with
plant components, no toxicity, and high evaporation level. The most often tested
extracts are: water extract as a sample of extract that primarily used in traditional
medicine and extracts from organic solvents such as methanol, ethanol as well as
ethyl acetate, acetone, chloroform, dichlormethane (Ncube et al. 2008).

Distillation is a process of separation of volatile active compounds from plant
material by physical process of evaporation, treating plant material with steam or
boiling. After cooling and condensation of vaporized compounds, the water distil-
late is formed. Due to essential oils are insoluble in the water and because of spe-
cific gravity, essential oils are separated at the surface or top of the water distillate
and further collected. Essential oils are extracted by steam distillation or hydrodis-
tillation (Tongnuanchan and Benjakul 2014).

Superecritical fluid extraction is a diffusion-based process of separation of plant
active compounds using supercritical fluids as the extracting solvent. Supercritical
fluids are formed by heating of gases above their critical temperatures or by com-
pressing of liquids above their critical pressure. Carbon dioxide is the most used
supercritical fluid. Supercritical fluids have dissolving properties that depend on
their density and can be controlled with temperature and pressure. In relation to
solvent extraction, supercritical fluid extraction has some advantages such as low
extraction temperature, minimal degradation of the active substances, selectively
dissolving of compounds, and faster extraction (Janackovic et al. 2017).

12.5 Antimicrobial Susceptibility Methods

Antimicrobial (antibacterial and antifungal) activity of plant extracts, essential oils,
and pure compounds might be analysed using several methods: diffusion, dilution
and bioautography method (Fig. 12.1). Diffusion and dilution method are frequently



12 Antibacterial and Antifungal Activity of Secondary Metabolites of Teucrium Species 325

-’

. Disk-diffusion method ’

‘ Diffusion methods }(2
1

/ ‘ Well-diffusion method ’
II
1
] ,{ Macro/microdilution method
Antimicrobial /- 4 Dilution methods }{
susceptibility methods v \“ Agar-dilution method
\
‘\
\
\ K Direct bioautography
\\ K
\ 4
( Bioautography }6\— - Contact bioauthography ’

\
\

Immersion bioauthography ’

Fig. 12.1 Classification of antimicrobial susceptibility methods

used. These methods are standard antimicrobial susceptibility testing methods used
for antibiotics/antifungal drugs recommended by the Clinical and Laboratory
Standards Institute, USA.

Diffusion method is a qualitative test which, according to a size of a diameter of
the zone of growth inhibition, shows the intensity of antimicrobial effect of the
tested compound and allows classification of microorganisms as susceptible or
resistant. The tested compound has applied on disk or into a hole in agar medium
inoculated with a microorganism to be tested. During incubation, the compound
diffuses into the medium inhibiting the growth of a microorganism. The reference
medium for testing is Mueller-Hinton agar for bacteria and Mueller-Hinton agar
supplemented with 2% glucose for fungi. The density of inoculum should be equiv-
alent to 0.5 McFarland standard (1-2 x 108 CFU/ml). The results are recorded as
zones of growth inhibition and when the diameter of the inhibition zone is wider, the
antimicrobial activity of the compounds is higher (Fig. 12.2). The rate of diffusion
of the tested compounds through the agar is dependent on solubility properties and
the molecular weight of the tested compound. Hence, this method is not suitable to
natural antimicrobial compounds that are scarcely soluble or insoluble in water and
thus their hydrophobic nature prevents uniform diffusion through the agar medium
(Klancnik et al. 2010).

Dilution (macrodilution and microdilution) method is more appropriate when
investigating the activity of plant products. It can be carried out by using test tubes
(macrodilution) or 96-wells microtiter plates (microdilution). The serial twofold
dilutions of a tested compound are prepared in a liquid medium, Mueller-Hinton
broth for bacteria and RPMI 1640 broth for fungi. The density of final inoculum is
5 x 105 CFU/ml for bacteria and 5 x 10% — 2.5 x 10° cell/ml for yeasts. This method
is quantitative, the activity of a compound or a plant extract is determined as mini-
mal inhibitory concentration (MIC). MIC is defined as the lowest concentration of
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Fig. 12.2 Diffusion
method — the zones of
growth inhibition around
disks indicate the activity
of tested compound

Fig. 12.3 Microdilution method — the change of colour of indicator (resazurine) from blue to pink
indicates the growth of bacteria

tested compound able to inhibit the visible growth of microorganisms. Microbial
growth (growth of bacteria and yeasts) could be assessed either visually by grading
turbidity or spectrophotometrically by measuring optical density. Moreover, easy
MIC detection and increased credibility of this method allow using of growth indi-
cators which changing the colour indicate the growth of microorganisms (Cos et al.
2006; Fig. 12.3).

Once more method used for determination of MIC is agar dilution method. In
this method, dilutions of a plant extract or a compound are prepared by adding into
a precise volume of molten agar medium which then poured into sterile petri plates.
Each agar plate containing a different concentration of tested compound. MIC is
recorded as the lowest concentration of the compound that completely inhibits the
growth, no colony observed.
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Bioautography rely on fractionalisation of the extracts on its different compo-
nents simplifies the identification of compounds with antimicrobial potency.
Bioautography may be direct, when microorganisms grow directly on a TLC plate,
then contact, when the active compound is transferred from a TLC plate to inocu-
lated agar, and immersion when the inoculated agar medium is spilled over a TLC
plate. Clear (white) zones on the TLC plate indicate antimicrobial activity of the
extracts and their components (Rahalison et al. 1991).

12.6 Antimicrobial Activity of Teucrium Species

Antibacterial and antifungal activity of Teucrium species has been extensively
investigated. In the following sections, the results of the literature search of data-
bases Scopus, PubMed, Google Scholar for period 1999-2019 (the last accessed
was on April 1, 2019) were presented. According to published data, 16% of species
of the genus Teucrium (total of 44 species) were screened for antimicrobial testing.
The genus Teucrium includes 268 species. The species from different regions
(Serbia, Croatia, Italy, Romania, Turkey, Pakistan, Jordan Iran, Tunisia, Algeria,
Mexico) were investigated, so the results were summarised and compared.

Evidently, bioactive compounds from Teucrium species were frequently isolated
in a form of plant extracts. Plant extracts were prepared from fresh or dried plant
material using conventional extraction methods (Soxhlet extraction, maceration,
decoction) and most recent supercritical fluid extraction. The most commonly used
extracting solvents were methanol, ethanol, and water. The more detailed informa-
tion on plant parts used or extraction procedure and solvents used are presented in
Table 12.2.

The essential oils were isolated by hydrodistillation or steam distillation using a
Clevenger-type apparatus. A total of 20 Teucrium species essential oils were anal-
ysed and screened for antimicrobial activity (Table 12.3). For the most part, antimi-
crobial activity was determined using diffusion or dilution method. However,
activity has also been demonstrated using time-kill assays. Antimicrobial activity
studies were carried out on numerous bacterial species (Gram-positive and Gram-
negative strains; sensitive and resistant, pathogens and opportunistic pathogens,
clinical isolates and standard strains) and fungal species (yeasts, dermatophytes,
and filamentous fungi, human and phytopathogens, clinical isolates and standard
strains).

Teucrium species exhibited broad-spectrum antimicrobial activity (Fig. 12.4).
Mostly, antimicrobial properties of Teucrium species were based on their activity
against planktonic bacteria (bacteria in suspensions). In most environments, bacte-
ria form biofilms, surface-attached communities. Many chronic infections (urinary
tract infections, middle-ear infections, tooth decay and paradontosis, prostheses-
associated infection) or problems with contamination in food processing industry
are being connected with biofilms (Costerton et al. 1999; Wood et al. 2011). So, in
recent years, the investigation of new active plant-derived antibiofilm agents is
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Human pathogenic bacteria:
Staphylococcus aureus,
Streptococcus pyogenes,

Escherichia coli, Klebsiella
pneumoniae, Pseudomonas
aeruginosa

Foodborn pathogenic
bacteria:

Salmonella sp., Bacillus
sp., Listeria sp.,

Human pathogenic fungi:

Candida sp., Microsporum
canis, Trichophyton sp.
N

AY

Broad-spectrum
antimicrobial activity of
Teucrium species

Phytopathogenic bacteria:
Phytopathogenic fungi: b . 5
Ralstonia solanacearum,
Pantoea agglomerans,
Brenneria nigrifluens,

Streptomyces scabies

Rhyzoctonia solani,
Alternaria solani, Botrytis
cinerea, Fusarium oxysporum

Fig. 12.4 The most susceptible bacteria and fungi to Teucrium species

necessary. So far, only, Elmasri et al. (2014, 2015) have evaluated antibiofilm activ-
ity of Teucrium species. The authors have noticed that several sesquiterpenes and
flavonoids from Teucrium polium were effective in prevention of Staphylococcus
aureus biofilm formation.

12.6.1 Antimicrobial Activity of Teucrium Species
Plant Extracts

Generally, three levels of investigation of antimicrobial activity of plant extracts are
established: (i) testing of crude extract, (ii) testing of sub-fractions, and (iii) testing
of pure compounds. According to the literature search, crude extracts of Teucrium
species were frequently researched. Several studies were focused on testing of sub-
fractions of extracts, but no studies on testing of isolated pure compounds. Also, the
mechanism of antimicrobial action of extracts from Teucrium species has not been
determined yet.

The MIC values are used as cut-off points for classification of the antimicrobial
potential of plant extracts. The one of that classification was defined by Tamokou
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etal. (2017), as follows: MIC below 100pg/ml —highly active, 100 < MIC < 512pg/
ml — significantly active, 512 < MIC < 2048pg/ml — moderately active,
MIC > 2048pg/ml — low active, MIC > 10 mg/ml — not active. The stated cut-off
points were applied for interpretation of antimicrobial activity of extracts from
Teucrium species. Summary results of antimicrobial activity are presented in
Table 12.2. In the following paragraphs, the most significant results were discussed.

Teucrium polium was one of the most tested Teucrium species and plant materi-
als, collected from different regions, have been screened for antimicrobial activity.
Extracts from Teucrium polium originated from Tunisia and Turkey showed the
most promising antimicrobial activity in relation to commonly used Gram-positive
bacteria (Staphylococcus aureus, S. epidermidis, Bacillus subtilis, B. cereus,
Micrococcus luteus, Enterococcus faecalis), Gram-negative bacteria (Escherichia
coli, Proteus mirabilis, Pseudomonas aeruginosa, Klebsiella pneumoniae,
Salmonella typhi, Enterobacter cloaceae) and fungi (Candida albicans, Aspergillus
niger, A. fumigatus, Trychophyton rubrum). The MIC values of ethanol and water
extract from Tunisian Teucrium polium were 0.156-0.625 mg/ml against bacteria
and 0.625 mg/ml against fungal species Microsporum canis (Ben Othman et al.
2017). Moreover, Turkish Teucrium polium extract, in a form of decoction, showed
better activity with MIC range of 16-64pg/ml for bacteria and 8—64pg/ml for fungi
(Deliroman Orhan et al. 2012). The methanol extract from Jordanian plant showed
moderate antibacterial activity, the best activity was noticed against Escherichia
coli (MIC of 1.2 mg/ml) (Tarawneh et al. 2010). In addition, the ethanol extract of
plant material from the same region were active on Staphylococcus aureus and
Pseudomonas aeruginosa at MIC of 80 ppm (Khalil et al. 2009). On the other side,
organic solvent extracts, tested in other studies, exhibited low antimicrobial activity
or they were not active, MIC values were 3.125-50 mg/ml for bacteria and up to
150 mg/ml for fungi (Hashem 2011; Stankovi¢ et al. 2012; Mirzei et al. 2013;
Khaled-Khodja et al. 2014; Dridi et al. 2016). Using time-kill assay, the ethanol
extract at concentration of 0.3 mg/ml has no effect on the growth of Escherichia coli
0157 NCTC 1290 (Mashreghi and Niknia 2012). In the study of Mansouri (1999),
Teucrium polium flower ethanol extract had very low antistaphylococcal activity.
Against 489 isolates of Staphylococcus aureus, at concentration of 30 mg/ml, it
showed activity against 0.61% of tested isolates. The antilisterial activity of ethanol
extract was noticed, the inhibitory zones of 10—11 mm (at conc. 133 mg/ml) and
MIC values 12.5-50pg/ml were detected (Altanlar et al. 2006). Against pathogenic
bacteria, Brucella melitensis, the extracts of Teucrium polium showed moderate
activity compared to other medicinal plants tested in the same study (Motamedi
et al. 2010). Furthermore, the synergistic activity of Teucrium polium extract and
antibiotics was investigated. The methanol extract in combination with antibiotics
(amoxicillin, chloramphenicol, neomycin, doxycycline, clarithromycin, cephalexin,
and nalidixic acid) enhanced the activity of antibiotics against the resistant
Escherichia coli strain (Darwish and Aburjai 2010).

Studies on Teucrium chamaedrys extracts indicated their similar antimicrobial
activity even that plant material was collected in the different regions of the world.
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In general, low to moderate antimicrobial activity was noticed and activity was
higher against Gram-positive bacteria then Gram-negative bacteria and fungi
(Table 12.2). In the recent paper (Nasti¢ et al. 2018), the authors have reported the
activity of Teucrium chamaedrys extract obtained by supercritical water extraction.
If we compare the results with the results of the study (Stankovi¢ et al. 2012) where
plant material was extracted by maceration, the higher activity of supercritical water
extract was obtained. The plant materials were from the same region (Serbia). In
Teucrium chamaedrys supercritical water extract several phenolic compounds were
identified: vanillin acid, caffeic acid, epicatechin, ferulic acid, sinapic acid, gallic
acid, protocatechuic acid, catechin, and chlorogenic acid. In addition, in ethanol
extract of Teucrium chamaedrys from Romania the following phenolic compounds,
luteolin, p-coumaric acid, isoquercitrin, rutin, quercitrin, were isolated (Vlase
et al. 2014).

Teucrium montanum is one of the most popular medicinal plants in Serbia. Two
independent research groups investigated the antimicrobial activity of this plant and
they observed that the extracts (methanol, acetone, ethyl acetate, butanol) were
active against Staphylococcus aureus strains (MIC of 0.15-1 mg/ml) (Djilas et al.
2006; Stankovi¢ et al. 2012). In addition, the methanol, acetone, ethyl acetate
extracts were not active against tested fungi (Stankovi¢ et al. 2012).

Teucrium arduini is an endemic Illyric Balkan species distributed in Croatia,
Bosnia and Herzegovina, Montenegro, Serbia and northern Albania. Samec et al.
(2010) have conducted a detailed study including six different localities in Croatia.
The leaf and flower infusions were tested. The lowest MIC values were found
against Staphylococcus aureus ATCC 6538 (MIC of 1.56 and 4.16 mg/ml), depend-
ing on the location from which plant material (leaves) was collected. Teucrium
arduini flower and leaf infusions did not exhibit activity against Gram-negative bac-
terial species, or against fungal species tested in this study. Except for water extract
in form of infusion, antimicrobial activity of organic solvent extracts from different
location (Croatia and Serbia) were tested and promising activity against Gram-
positive bacteria (MIC of 0.15-2 mg/ml) was noticed (Stankovi¢ et al. 2012; Kremer
et al. 2013). In Croatian samples of Teucrium arduini several phenolic compounds
were identified: protocatechuic acid, 4-hydroxybenzoic acid, salicylic acid, gentisic
acid, ferulic acid, vanillic acid, caffeic acid, syringic acid, sinapic acid, 4-coumaric
acid, rosmarinic acid and quercetin (Kremer et al. 2013).

Two subspecies of Teucrium scordium (T. scordium subsp. scordioides and
T. scordium subsp. scordium) have been subjected to antimicrobial testing of two
research groups from Serbia. The plant material was collected from different locali-
ties and organic solvent extracts were prepared. The promising activity was noticed
against Staphylococcus aureus ATCC 25922 (MIC of 0.3-0.6 mg/ml) (Kundakovi¢
et al. 2011; Stankovi¢ et al. 2012).

Numerous studies of antimicrobial activity of different Zeucrium endemic spe-
cies, rare species or species characteristic for a particular region were, also, per-
formed. According to detected MIC values, extracts of Teucrium flavum, T. fruticans,
T. siculum, T. yemense, T. sokotranum and T. persicum exhibited pronounced activ-
ity against tested Gram-positive bacteria, MIC range was 250-2000pg/ml
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(Table 12.2). Teucrium bicolor methanol extract was active against Mycobacterium
tuberculosis (MIC of 125pg/ml) and Candida species (MIC of 31.2—-125pg/ml)
(Garza et al. 2017). Three endemic species (Teucrium africanum, T. kraussii and
T. trifidum) from southern Africa were active against some important pathogens;
Teucrium africanum against Escherichia coli with MIC value of 0.13 mg/ml.
Teucrium kraussii against Streptococcus pyogenes with MIC value of 0.8 mg/ml and
Teucrium trifidum showed activity against Pseudomonas aeruginosa with MIC
value of 0.5 mg/ml (Ruiters et al. 2016). Oppositely, extracts of Teucrium oliveria-
num, T. orientale, T. royleanum and T. botrys showed low activity (Table 12.2).

12.6.2 Antimicrobial Activity of Teucrium Species
Essential Oils

Essential oils are recognized as the most active products of plant metabolism. They
present the mixture of bioactive compounds including monoterpenes (hydrocarbons
and oxygenated derivatives), sesquiterpenes (hydrocarbons and oxygenated deriva-
tives) and aliphatic compounds (alkanes, alkenes, ketones, aldehydes, esters, and
alcohols). Generally, essential oils have strong antimicrobial properties and could
be used as food preservatives or therapeutic antimicrobial agents. The level of
Teucrium essential oils bioactivity was determined according to cut-off points, it
was estimated that MIC values lower than 2 mg/ml indicate significant activity of
essential oils (Van Vuuren and Viljoen 2006). Hence, most of the essential oils from
Teucrium species exhibited significant activity against Gram-positive bacteria
(Staphylococcus sp., Streptococcus sp., Bacillus sp.) and Gram-negative bacteria
(Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Salmonella
sp.) and fungi (Candida sp.). Essential oils were isolated from Teucrium plants orig-
inated from different regions, especially from the Mediterranean basin. It was obvi-
ous that the chemical composition and the amounts of main constituents (mono- and
sesquiterpene hydrocarbons and oxygenated sesquiterpenes) differed notably and
showing intraspecific variations in the chemical composition of the essential oils
according to environment and/or genetic parameters. The essential oils’ main com-
pounds as well as detailed results of antimicrobial activity were summarized in
Table 12.3. In the following sections, the most significant results were discussed.
Antibacterial activity of Teucrium polium essential oil was investigated in several
studies. The oil in the quantity of 5-20pl inhibit the growth of Staphylococcus
aureus and Bacillus subtilis (Vahdani et al. 2011; Belmekki et al. 2013; Djabou
et al. 2013; Kerbouche et al. 2015; Boukhira et al. 2016; Sevindik et al. 2016).
Moreover, Teucrium polium essential oil extracted from plant material collected in
North Anatolia (Turkey) showed promising activity against Pseudomonas aerugi-
nosa and methicillin-resistant Staphylococcus aureus (Sevindik et al. 2016). In
addition, essential oil of Teucrium polium originated from Iran was active against
clinical isolates of Klebsiella pneumoniae (Raei et al. 2014). Interestingly, Teucrium
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polium and T. marum essential oils were active against some phytopathogenic bac-
teria and fungi (Ricci et al. 2005; Purnavab et al. 2015). Essential oil of Teucrium
marum inhibits the growth of Rhyzoctonia solani at concentration of 250pg/ml.
Furthermore, Teucrium orientale, T. africanum, T. ramosissimum, T. mascatense
and T. yemense essential oils showed excellent activity against tested bacteria
(Table 12.3). As promising antibacterial agents can be Teucrium africanum essential
oil against Streptococcus pyogenes (MIC of 0.16 mg/ml), Teucrium ramosissimum
against Salmonella enterica, S. typhimurium, Escherichia coli (MIC of 0.28-0.24 mg/
ml), Teucrium mascatense and T. yemense against Staphylococcus aureus and
Bacillus subtilis (MIC of 156pg/ml). Multi-drug resistant strain of Enterobacter
aerogenes was susceptible to Teucrium massiliense and T. scordonia essential oil
(MIC of 0.2-0.4 mg/ml) (Djabou et al. 2013). On the other side, Teucrium stocksia-
num, T. kraussii, T. trifidum, T. leucoclada, T. chamedrys and T. arduini exhibited
low antibacterial activity (Table 12.3).

Antifungal activity of Teucrium essential oils was, especially, evaluated against
Candida species and dermatophytes (Table 12.3). Essential oils of Teucrium orien-
tale subsp. orientale and T. orientale subsp. puberulens could be promising anti-
Candida agents. They were active at concentrations range of 12.5-50pg/ml
(Kucukbay et al. 2011). In addition, Teucrium polium and T. sauvagei were active
against tested dermatophytes (Salah et al. 2006; Ben Othman et al. 2017).

Essential oils obtained from Teucrium species possess significant broad-spectrum
antimicrobial activity, however, there is limited information available about their
mechanisms of action. Better understanding the mechanisms of action will give
more detailed information about their potency and potential application as antimi-
crobial agents.

12.7 Conclusion

This chapter provides a detailed review of the antimicrobial activity of Teucrium
species, their active constituents, and their potential as sources of antibacterial and
antifungal agents. The relevant literature summary showed that Teucrium species
exhibited a diverse range of antimicrobial properties. The promising activity and
potential application in control of bacteria and fungi possess the following species:
plant extracts of Teucrium polium, T. flavum, T. fruticans, T. siculum, T. yemense,
T. sokotranum, T. persicum, T. scordium, and essential oils from Teucrium polium,
T. orientale, T. africanum, T. ramosissimum, T. mascatence, T. yemense, T. massil-
iense, T. scordonia. They were active against important pathogenic bacteria
(Staphylococcus sp., Bacillus sp., Enterococcus sp., Streptococcus sp., Escherichia
coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Salmonella sp.) and fungi
(Candida sp., Trychophyton sp.). However, these results are conducted on the basis
of in vitro studies. The future studies on mechanisms of action of plant extracts,
essential oils, and pure active compounds will contribute to the development of new
Teucrium antimicrobial agents. Furthermore, in vivo testing of activity, toxicity and
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bioavailability will determine their actual relevance for treatment of infectious dis-
eases or used as food preservatives.

Acknowledgments This work was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia (Grants OI173032 and 11141010).

References

Acquaviva R, Genovese C, Amodeo A, Tomasello B, Malfa G, Sorrenti V, Tempera G, Addamo
AP, Ragusa S, Rosa T, Menichini F, Di Giacomo C (2018) Biological activities of Teucrium
flavum L., Teucrium fruticans L., and Teucrium siculum rafin crude extracts. Plant Biosyst
152:720-727

Ahmad B, Mukaram Shah SM, Bashir S, Begum H (2008) Antibacterial and antifungal activities
of Teucrium royleanum (Labiatea). J Enzyme Inhib Med Chem 23:136-139

Ali NAA, Chhetri BK, Dosoky NS, Shari K, Al-Fahad AJA, Wessjohann L, Setzer WN (2017)
Antimicrobial, antioxidant, and cytotoxic activities of Ocimum forskolei and Teucrium yemense
(Lamiaceae) essential oils. Fortschr Med 4:17. https://doi.org/10.3390/medicines4020017

Ali F, Jan AK, Khan NM, Ali R, Mukhtiar M, Khan S, Khan SA, Aziz R (2018) Selective bio-
logical activities and phytochemical profiling of two wild plant species, Teucrium polium and
Capsicum annum from Sheringal, Pakistan. Chiang Mai J Sci 45:881-887

Altanlar N, Saltan Citoglu G, Yilmaz BS (2006) Antilisterial activity of some plants used in folk
medicine. J Pharm Biol 44:91-94

Antolak H, Kregiel D (2017) Food preservatives from plants. In: Karunaratne DN, Pamunuwa G
(eds) Food additives. IntechOpen, Croatia, pp 45-87

Belmekki N, Bendimerad N, Bekhechi C, Fernandez X (2013) Chemical analysis and antimi-
crobial activity of Teucrium polium L. essential oil from Western Algeria. ] Med Plant Res
7:897-902

Ben Othman M, Salah-Fatnassi KBH, Ncibi S, Elaissi A, Zourgui L (2017) Antimicrobial activity
of essential oil and aqueous and ethanol extracts of Teucrium polium L. subsp. gabesianum
(LH) from Tunisia. Physiol Mol Biol Plants 23:723-729

Ben Sghaier M, Chraief I, Skandrani I, Bouhlel I, Boubaker J, Kilani S, Neffati A, Mahmoud
A, Hammami M, Chekir-Ghedira L, Ghedira K (2007) Chemical composition and antimi-
crobial activity of the essential oil of Teucrium ramosissimum (Lamiaceae). Chem Biodivers
4:1480-1486

Borges AJ, Saavedra M, Simoes M (2015) Insights on antimicrobial resistance, biofilms and the
use of phytochemicals as new antimicrobial agents. Curr Med Chem 22:2590-2614

Boukhira S, Balouiri M, Bousta F, Moularat S, Taleb MS, Bousta D (2016) Antimicrobial activities
of essential oil of five plant species from Morocco against some microbial strains. Int J Pharm
Phytochem Res 8:1901-1906

Buzzini P, Arapitsas P, Goretti M, Branda E, Turchetti B, Pinelli P, Ieri F, Romani A (2008)
Antimicrobial and antiviral activity of hydrolysable tannins. Mini-Rev Med Chem 8:1179-1187

Carson CF, Hammer KA, Riley TV (2006) Melaleuca alternifolia (tea tree) oil: a review of antimi-
crobial and other medicinal properties. Clin Microbiol Rev 19:50-62

Ceyhan N, Keskin D, Ugur A (2012) Antimicrobial activities of different extracts of eight plant
species from four different family against some pathogenic microorganisms. J Food Agric
Environ 10:193-197

Coppo E, Marchese A (2014) Antibacterial activity of polyphenols. Curr Pharm Biotechnol
15:380-390

Cos P, Vlietinck AJ, Berghe DV, Maes L (2006) Anti-infective potential of natural products: how to
develop a stronger in vitro “proof-of-concept”. J Ethnopharmacol 106:290-302


https://doi.org/10.3390/medicines4020017

350 0. Stefanovié¢

Costerton JW, Stewart PS, Greenberg EP (1999) Bacterial biofilm: a common cause of persistent
infections. Science 284:1318-1322

Cowan MC (1999) Plant products as antimicrobial agents. Clin Microbiol Rev 12:564-582

Cushnie T, Lamb AJ (2011) Recent advances in understanding the antibacterial properties of flavo-
noids. Int J Antimicrob Agents 38:99-107

Daglia M (2012) Polyphenols as antimicrobial agents. Curr Opin Biotechnol 23:174-181

Darabpour E, Motamedi H, Nejad SM (2010) Antimicrobial properties of Teucrium polium against
some clinical pathogens. Asian Pac J Trop Med 3:124-127

Darwish RM, Aburjai TA (2010) Effect of ethnomedicinal plants used in folklore medicine in
Jordan as antibiotic resistant inhibitors on Escherichia coli. BMC Complement Altern Med
10:9. https://doi.org/10.1186/1472-6882-10-9

Deliroman Orhan D, Ozcelik B, Hosbas S, Vural M (2012) Assessment of antioxidant, antibacte-
rial, antimycobacterial, and antifungal activities of some plants used as folk remedies in Turkey
against dermatophytes and yeast-like fungi. Turk J Biol 36:672-686

Djabou N, Lorenzi V, Guinoiseau E, Andreani S, Giuliani MC, Desjobert JM, Bolla JM, Costa
J, Berti L, Luciani A, Muselli A (2013) Phytochemical composition of Corsican Teucrium
essential oils and antibacterial activity against foodborne or toxi-infectious pathogens. Food
Control 30:354-363

Djilas SM, Markov SL, Cvetkovi¢ DD, Canadanovié¢-Brunet JM, Cetkovi¢ GS, Tumbas VT
(2006) Antimicrobial and free radical scavenging activities of Teucrium montanum. Fitoterapia
77:401-403

Dridi A, Hadef Y, Bouloudani L (2016) Determination of total phenol, flavonoid, antioxidant
and antimicrobial activity of methanolic extract of Teucrium polium L. Algerian East. Int J
Pharmacogn Phytochem Res 8:1566—1570

Elmasri WA, Hegazy M-EF, Aziz M, Koksal E, Amor W, Mechref Y, Hamood AN, Cordes DB,
Paré PW (2014) Biofilm blocking sesquiterpenes from Teucrium polium. Phytochemistry
103:107-113

Elmasri WA, Yang T, Tran P, Hegazy M-EF, Hamood AN, Mechref Y, Pare PW (2015) Teucrium
polium phenylethanol and iridoid glycoside characterization and flavonoid inhibition of
biofilm-forming Staphylococcus aureus. J Nat Prod 78:2-9

El-Shazly AM, Hussein KT (2004) Chemical analysis and biological activities of the essential oil
of Teucrium leucocladum Boiss. (Lamiaceae). Biochem Syst Ecol 32:665-674

Formisano C, Napolitano F, Rigano D, Arnold NA, Piozzi F, Senatore F (2010) Essential oil
composition of Teucrium divaricatum Sieb. ssp. villosum (Celak.) Rech. fil. growing wild in
Lebanon. J Med Food 13:1281-1285

Garza BA, Arroyo JL, Gonzédlez GG, Gonzilez EG, de Torres NW, Aranda RS (2017) Anti-fungal
and anti-mycobacterial activity of plants of Nuevo Leon, Mexico. Pak J Pharm Sci 30:17-21

Gursoy N, Tepe B (2009) Determination of the antimicrobial and antioxidative properties and
total phenolics of two “endemic” Lamiaceae species from Turkey: Ballota rotundifolia L. and
Teucrium chamaedrys C. Koch. Plant Foods Hum Nutr 64:135-140

Hall-Stoodley L, Costerton JW, Stoodley P (2004) Bacterial biofilms: from the natural environ-
ment to infectious diseases. Nat Rev Microbiol 2:95-108

Hashem M (2011) Antifungal properties of crude extracts of five Egyptian medicinal plants against
dermatophytes and emerging fungi. Mycopathologia 172:37-46

Hisham A, Pathare N, Al-Saidi S (2006a) The composition and antimicrobial activity of the essen-
tial oil of Teucrium stocksianum subsp. stocksianum leaf from Oman. Nat Prod Commun
1:195-199

Hisham A, Pathare N, Al-Saidi S, Al-Salmi A (2006b) The composition and antimicrobial activity
of leaf essential oil of Teucrium mascatenses Boiss. from Oman. J Essent Oil Res 18:465-468

Hgiby N, Bjarnsholt T, Givskov M, Molin S, Ciofu O (2010) Antibiotic resistance of bacterial
biofilms. Int J Antimicrob Agents 35:322-332

Huber B, Eberl L, Feucht W, Polster J (2003) Influence of polyphenols on bacterial biofilm forma-
tion and quorum-sensing. Z Naturforsch C 58¢:879-884


https://doi.org/10.1186/1472-6882-10-9

12 Antibacterial and Antifungal Activity of Secondary Metabolites of Teucrium Species 351

Tonescu MI (2018) Are herbal products an alternative to antibiotics. In: Kirmusaoglu S (ed)
Bacterial pathogenesis and antibacterial control. IntechOpen, Croatia, pp 3-23

Jacobo-Salcedo MD, Alonso-Castro AJ, Salazar-Olivo LA, Carranza-Alvarez C, Gonzilez-
Espindola LA, Dominguez F, Maciel-Torres SP, Garcia-Lujan C, Gonzalez-Martinez MD,
Gomez-Sanchez M, Estrada-Castillon E (2011) Antimicrobial and cytotoxic effects of Mexican
medicinal plants. Nat Prod Commun 6:1925-1928

Janackovi¢ P, Rajcevi¢ N, Gavrilovi¢ M (2017) Phytochemical practicum (in Serbian). University
of Belgrade, Belgrade

Javidnia K, Miri R, Assadollahi M, Gholami M, Ghaderi M (2009) Screening of selected plants
growing in Iran for antimicrobial activity. Iran J Sci Technol (Sci) 33:329-333

Kerbouche L, Hazzit M, Ferhat MA, Baaliouamer A, Miguel MG (2015) Biological activities
of essential oils and ethanol extracts of Teucrium polium subsp. capitatum (L.) Briq. and
Origanum floribundum Munby. J Essent Oil Bear Plants 18:1197-1208

Khaled-Khodja N, Boulekbache-Makhlouf L, Madani K (2014) Phytochemical screening of anti-
oxidant and antibacterial activities of methanolic extracts of some Lamiaceae. Ind Crop Prod
61:41-48

Khalil A, Dababneh BF, Al-Gabbiesh AH (2009) Antimicrobial activity against pathogenic micro-
organisms by extracts from herbal Jordanian plants. J Food Agric Environ 7:103-106

Klancnik A, Piskernik S, Jersek B, Mozina SS (2010) Evaluation of diffusion and dilution methods
to determine the antibacterial activity of plant extracts. J] Microbiol Methods 81:121-126

Kovacevi¢ N (2004) Basics of pharmacognosy (in Serbian). Serbian School Book, Belgrade

Kremer D, Dragojevi¢ Miiller I, Dunki¢ V, Vitali D, Stabentheiner E, Oberldnder A, Bezi¢ N,
Kosalec I (2012) Chemical traits and antimicrobial activity of endemic Teucrium arduini
L. from Mt Biokovo (Croatia). Cent Eur J Biol 7:941-947

Kremer D, Joze Kosir I, Kosalec I, Zovko Koncic M, Potocnik T, Cerenak A, Bezic N, Srecec S,
Dunkic V (2013) Investigation of chemical compounds, antioxidant and antimicrobial proper-
ties of Teucrium arduini L. (Lamiaceae). Curr Drug Targets 14:1006-1014

Kiigiik M, Giilec C, Yasar A, Uciincii O, Yaylt N, Coskungelebi K, Terzioglu S, Yaylt N (2006)
Chemical composition and antimicrobial activities of the essential oils of Teucrium chamae-
drys. subsp. chamaedrys., T. orientale. var. puberulens., and T. chamaedrys. subsp. lydium.
Pharm Biol 44:592-599

Kucukbay ZF, Yildiz B, Kuyumcu E, Gunal S (2011) Chemical composition and antimicrobial
activities of the essential oils of Teucrium orientale var. orientale and Teucrium orientale var.
puberulens. Chem Nat Compd 47:833-836

Kundakovi¢ T, Milenkovi¢ M, Topi¢ A, Stanojkovi¢ T, Jurani¢ Z, Lakusi¢ B (2011) Cytotoxicity
and antimicrobial activity of Teucrium scordium L. (Lamiaceae) extracts. Afr J] Microbiol Res
5:2692-2696

Kunduhoglu B, Pilatin S, Caliskan F (2011) Antimicrobial screening of some medicinal plants
collected from Eskisehir, Turkey. Fresenius Environ Bull 20:945-952

Li W-R, Shi Q-S, Ouyang Y-S, Chen Y-B, Duan S-S (2013) Antifungal effects of citronella oil
against Aspergillus niger ATCC 16404. Appl Microbiol Biotechnol 97:7483-7492

Li W-R, Shi Q-S, Liang Q, Huang X-M, Chen Y-B (2014) Antifungal effect and mechanism of
garlic oil on Penicillium funiculosum. Appl Microbiol Biotechnol 98:8337-8346

Li W-R, Shi Q-S, Dai H-Q, Liang Q, Xie X-B, Huang X-M, Zhao G-Z, Zhang L-X (2016)
Antifungal activity, kinetics and molecular mechanism of action of garlic oil against Candida
albicans. Sci Rep 6:22805. https://doi.org/10.1038/srep22805

Lic¢ina BZ, Stefanovi¢ OD, Vasi¢ SM, Radojevi¢ ID, Deki¢ MS, Comié¢ LIR (2013) Biological
activities of the extracts from wild growing Origanum vulgare L. Food Control 33:498-504

Mansouri S (1999) Inhibition of Staphylococcus aureus mediated by extracts from Iranian plants.
J Pharm B 37:375-377

Mashreghi M, Niknia S (2012) The effect of Peganum harmala and Teucrium polium alcoholic
extracts on growth of Escherichia coli O157. Jundishapur J Microbiol 5:511-515


https://doi.org/10.1038/srep22805

352 0. Stefanovié¢

Mirzaei A, Toori MA, Mirzaei N, Shirazi RG (2013) Antioxidant, antimicrobial and antimutogenic
potential of 4 Iranian medicinal plants. Life Sci J 10:1085-1091

Morteza-Semnani K, Saeedi M, Akbarzadeh M (2011) Chemical composition and antimicrobial
activity of essential oil of Teucrium hyrcanicum L. J Essent Oil Bear Plants 14:770-775

Motamedi H, Darabpour E, Gholipour M, Nejad SMS (2010) In vitro assay for the anti-Brucella
activity of medicinal plants against tetracycline-resistant Brucella melitensis. J Zhejiang Univ
Sci B 11:506-511

Mothana RA, Gruenert R, Bednarski PJ, Lindequist U (2009a) Evaluation of the in vitro anti-
cancer, antimicrobial and antioxidant activities of some Yemeni plants used in folk medicine.
Pharmazie 64:260-268

Mothana RA, Lindequist U, Gruenert R, Bednarski PJ (2009b) Studies of the in vitro anticancer,
antimicrobial and antioxidant potentials of selected Yemeni medicinal plants from the island
Soqotra. BMC Complement Altern Med 9:7. https://doi.org/10.1186/1472-6882-9-7

Muruzovi¢ MZ, Mladenovié¢ KG, Stefanovi¢ OD, Vasi¢ SM, Comié¢ LR (2016) Extracts of
Agrimonia eupatoria L. as sources of biologically active compounds and evaluation of their
antioxidant, antimicrobial, and antibiofilm activities. J Food Drug Anal 24:539-547

Nasti¢ N, gvarc-Gajié J, Delerue-Matos C, Barroso MF, Soares C, Moreira MM, Morais S,
Maskovi¢ P, Sréek VG, Slivac I, Radosevi¢ K, Radojkovi¢ M (2018) Subcritical water extrac-
tion as an environmentally-friendly technique to recover bioactive compounds from traditional
Serbian medicinal plants. Ind Crop Prod 111:579-589

Ncube NS, Afolayan AJ, Okoh AI (2008) Assessment techniques of antimicrobial properties
of natural compounds of plant origin: current methods and future trends. Afr J Biotechnol
7:1797-1806

Ojala T (2001) Biological screening of plant coumarins. Dissertation, University of Helsinki

Ozkan G, Kuleasan H, Celik S, Goktirk RS, Unal O (2007) Screening of Turkish endemic
Teucrium montbretii subsp. pamphylicum extracts for antioxidant and antibacterial activities.
Food Control 18:509-512

Purnavab S, Ketabchi S, Rowshan V (2015) Chemical composition and antibacterial activity of
methanolic extract and essential oil of Iranian Teucrium polium against some of phytobacteria.
Nat Prod Res 29:1376-1379

Qabaha KI (2013) Antimicrobial and free radical scavenging activities of five Palestinian medici-
nal plants. Afr J Tradit Complement Altern Med 10:101-108

Radulovi¢ NS, Blagojevi¢ PD, Stojanovi¢-Radi¢ ZZ, Stojanovi¢ NM (2013) Antimicrobial plant
metabolites: structural diversity and mechanism of action. Curr Med Chem 20:932-952

Raei F, Ashoori N, Eftekhar F, Yousefzadi M (2014) Chemical composition and antibacterial activ-
ity of Teucrium polium essential oil against urinary isolates of Klebsiella pneumoniae. J Essent
Oil Res 26:65-69

Rahalison L, Hamburger M, Hostettmann K, Manod M, Frenk E (1991) A bioautographic agar
overlay method for the detection of antifungal compounds from higher plants. Phytochem Anal
2:199-203

Ricci D, Fraternale D, Giamperi L, Bucchini A, Epifano F, Burini G, Curini M (2005) Chemical
composition, antimicrobial and antioxidant activity of the essential oil of Teucrium marum
(Lamiaceae). J Ethnopharmacol 98:195-200

Ruiters AK, Tilney PM, Van Vuuren SF, Viljoen AM, Kamatou GP, Van Wyk BE (2016) The anat-
omy, ethnobotany, antimicrobial activity and essential oil composition of southern African spe-
cies of Teucrium (Lamiaceae). S Afr J Bot 102:175-185

Salah KB, Mahjoub MA, Chaumont JP, Michel L, Millet-Clerc J, Chraeif I, Ammar S, Mighri
Z, Aouni M (2006) Chemical composition and in vitro antifungal and antioxidant activity
of the essential oil and methanolic extract of Teucrium sauvagei Le Houerou. Nat Prod Res
20:1089-1097

Saleem M, Nazir M, Shaiq Ali M, Hussain H, Lee YS, Riaz N, Jabbar A (2010) Antimicrobial
natural products: an update on future antibiotic drug candidates. Nat Prod Rep 27:238-254


https://doi.org/10.1186/1472-6882-9-7

12 Antibacterial and Antifungal Activity of Secondary Metabolites of Teucrium Species 353

Samec D, Gruz J, Strnad M, Kremer D, Kosalec 1, Grubesi¢ RJ, Karlovi¢ K, Lucic A, Piljac-
Zegarac J (2010) Antioxidant and antimicrobial properties of Teucrium arduini L. (Lamiaceae)
flower and leaf infusions. Food Chem Toxicol 48:113-119

Sari¢ M (1989) Medicinal plants of Serbia (in Serbian). Serbian Academy of Science and Arts,
Belgrade, p 640

Sevindik E, Abac1 ZT, Yamaner C, Ayvaz M (2016) Determination of the chemical composition
and antimicrobial activity of the essential oils of Teucrium polium and Achillea millefolium
grown under North Anatolian ecological conditions. Biotechnol Biotechnol Equip 30:375-380

Shah SM, Ayaz M, Khan AU, Ullah F, Farhan, Shah AU, Igbal H, Hussain S (2015a) 1,1-Dipheny
1,2-picrylhydrazyl free radical scavenging, bactericidal, fungicidal and leishmanicidal proper-
ties of Teucrium stocksianum. Toxicol Ind Health 31:1037-1043

Shah S, Sadiq A, Gul F (2015b) Antibacterial potential of methanolic extracts and sub-fractions
of Teucrium stocksianum Bioss collected from Malakand division Pakistan. Pharmacol
Online 1:8-12

Shahat AA, Mahmoud EA, Al-Mishari AA, Alsaid MS (2017) Antimicrobial activities of some
Saudi Arabian herbal plants. Afr J Tradit Complement Altern Med 14:161-165

Silva LN, Zimmer KR, Macedé AJ, Trentin DS (2016) Plant products targeting bacterial virulence
factors. Chem Rev 116:9162-9236

Stankovi¢ M, Stefanovi¢ O, Comié LJ, Topuzovi¢ M, Radojevi¢ I, Soluji¢ S (2012) Antimicrobial
activity, total phenolic content and flavonoid concentrations of Teucrium species. Cent Eur J
Biol 7:664-671

Stefanovi¢ O, Comi¢ LJ, Stanojevi¢ D (2009) Inhibitory effect of Torilis anthriscus on growth of
microorganisms. Cent Eur J Biol 4:493-498

Stefanovi¢ O, Stanojevié D, Comi¢ LJ (2012) Synergistic antibacterial activity of Salvia officinalis
and Cichorium intybus extracts and antibiotics. Acta Pol Pharm 69:457-463

Stefanovié OD, Tesi¢ JD, Comi¢ LR (2015) Melilotus albus and Dorycnium herbaceum extracts as
source of phenolic compounds and their antimicrobial, antibiofilm, and antioxidant potentials.
J Food Drug Anal 23:417-424

Tajkarimi MM, Ibrahim SA, Cliver DO (2010) Antimicrobial herb and spice compounds in food.
Food Control 21:1199-1218

Tamokou JDD, Mbaveng AT, Kuete V (2017) Antimicrobial activities of African medicinal
spices and vegetables. In: Kuete V (ed) Medicinal spices and vegetables from Africa: thera-
peutic potential against metabolic, inflammatory, infectious and systemic diseases. Academic,
Waltham, pp 207-237

Tarawneh KA, Irshaid F, Jaran AS, Ezealarab M, Khleifat KM (2010) Evaluation of antibacterial
and antioxidant activities of methanolic extracts of some medicinal plants in northern part of
Jordan. J Biol Sci 10:325-332

Thoppil JE, Minija J, Tajo A, Deena MJ (2001) Antimicrobial activity of Teucrium plectranthoides
Gamble essential oil. J] Nat Rem 1:155-157

Tongnuanchan P, Benjakul S (2014) Essential oils: extraction, bioactivities, and their uses for food
preservation. J Food Sci 79:1231-1249

Upadhyay A, Upadhyaya I, Kollanoor-Johny A, Venkitanarayanan K (2014) Combating patho-
genic microorganisms using plant-derived antimicrobials: a minireview of the mechanistic
basis. Biomed Res Int 2014:761741. https://doi.org/10.1155/2014/761741

Vahdani M, Faridi P, Zarshenas MM, Javadpour S, Abolhassanzadeh Z, Moradi N, Bakzadeh Z,
Karmostaji A, Mohagheghzadeh A, Ghasemi Y (2011) Major compounds and antimicrobial
activity of essential oils from five Iranian endemic medicinal plants. Pharmacogn J 3:48-53

Van Vuuren SF, Viijoen AM (2006) A comparative investigation of the antimicrobial properties of
indigenous South Africa aromatic plants with popular commercially available essential oils. J
Essent Oil Res 18:66-71

Vlase L, Benedec D, Hanganu D, Damian G, Csillag I, Sevastre B, Mot AC, Silaghi-Dumitrescu
R, Tilea I (2014) Evaluation of antioxidant and antimicrobial activities and phenolic profile for
Hyssopus officinalis, Ocimum basilicum and Teucrium chamaedrys. Molecules 19:5490-5507


https://doi.org/10.1155/2014/761741

354 0. Stefanovié¢

Vukovi¢ N, Sukdolak S, Soluji¢ S, Mihailovi¢ V, Mladenovi¢ M, Stojanovi¢ J, Stankovi¢ M (2011)
Chemical composition and antimicrobial activity of Teucrium arduini essential oil and cirsima-
rin from Montenegro. J Med Plant Res 5:1244-1250

Wood TK, Hong SH, Ma Q (2011) Engineering biofilm formation and dispersal. Trends Biotehnol
29:87-94

Yildirmis S, Aliyazicioglu R, Emre Eyupoglu O, Ozgen U, Alpay Karaoglu S (2017) Biological
activity and characterization of volatile compounds of Teucrium orientale var. glabrescens by
SPME and GC-FID/MS. J Food Biochem 41:¢12284. https://doi.org/10.1111/jtbc.12284


https://doi.org/10.1111/jfbc.12284

	Chapter 12: Antibacterial and Antifungal Activity of Secondary Metabolites of Teucrium Species
	12.1 Introduction
	12.2 Bioactive Plant Compounds
	12.3 Mechanisms of Antimicrobial Activity of Plant Compounds
	12.4 Extraction of Plant Compounds
	12.5 Antimicrobial Susceptibility Methods
	12.6 Antimicrobial Activity of Teucrium Species
	12.6.1 Antimicrobial Activity of Teucrium Species Plant Extracts
	12.6.2 Antimicrobial Activity of Teucrium Species Essential Oils

	12.7 Conclusion
	References


