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        Abstract



        
          Background:


          Aromatic plants and their essential oils have been used as food complements and medicine since the ancient times. Most of the researches today are pointed towards finding natural plant components which will have an antimicrobial action without having contraindications in human organism. Cloves, the dried aromatic flower buds of Eugenia caryophyllata, are widely used and known for their antimicrobial components.

        


        
          Objectives:


          The antimicrobial action of clove essential oils was tested against several microorganisms.

        


        
          Methods:


          Freshly isolated (hydrodistilled and dried) essential oil, and commercial essential oil were used and compared to pure eugenol, the most active and most important component. The microorganisms used in the research are Gram positive bacteria (Bacilus pumilus NCTC 8241, Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 6538 and Sarcina lutea ATCC 9341), Gram negative bacteria (Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC 9027), yeasts (Saccharomyces cerevisiae ATCC 9763, Candida albicans ATCC 10231) and molds (Penicillium sp., Aspergillus niger ATCC 16404, Aspergillus sojae). The microdilution test enabled determination of the minimal inhibitory concentration of three samples used in the experiment against all of test microorganism.

        


        
          Results:


          It was found that the eugenol had the strongest effect against microorganisms, with the exception of E. coli, where the freshly isolated essential oil had the strongest bactericide effect. The commercial essential oil had the weakest action against all of test microorganisms. The chemical composition of all three samples was determined via GC-MS and preliminary connection between the methods of preparation and storage of essential oils and their antimicrobial properties was proposed.

        


        
          Conclusion:


          Clove essential oil and eugenol possess broad spectrum of in vitro antibacterial and antifungal activity. So, they represent an alternative source of natural antimicrobial substances for use to prevent the growth of different bacteria, yeasts and molds.
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      INTRODUCTION


      The aromatic herbs and plants, and the essential oils (EO) derived thereof besides their use as flavor and fragrance materials [1, 2] have been extensively used for medicinal purposes and as antimicrobial agents [3, 4]. The essential oils are composed of volatile hydrophobic organic compounds that are biosynthesized in plants via the secondary metabolic pathways. The EOs are known for their biological activity [5] and antioxidant properties [6] and their renewability and availability make them appealing for plethora of applications.


      The medical use of EO has regained popularity in the last decade, due to concerns about the potential health risks connected to the indiscriminate and extended use of man-made antimicrobial agents [7]. This trend is reinforced by the long-term use of EO as natural antimicrobials and the studies that claim fewer side-effects associated with their use. Additionally, the microbial diseases/infections are making a “comeback” as a result of appearance of resistant strains. So in order to alleviate the above-mentioned problems, it is more than a necessity to find substitutes for the existing synthetic antimicrobials. Most scientists have turned to extracts derived from natural products [8]. Researchers around the world are trying to unravel the secret of the EO and their components and the exact details of their antimicrobial activity [7, 9-13].


      Usually, in traditional and/or “alternative” medicine the use of various EO has been empirical and it does not take into consideration the variability of EO’s chemical composition and properties. For adequate and safe use of EO for medicinal purposes, a switch from empirical to quantitative approach, that takes into consideration all pertinent factors, is more than necessary. The first step of action is the control/monitoring of the EO composition (usually a complex mixture of volatile secondary metabolites). The second step, when it comes to antimicrobial testing, one should use standardized protocols (CLSI, standard strains) and investigate the main component(s) in parallel with the EO and with standard antibiotics/ antimycotics. Also the minimal inhibitory concentration (MIC) for pure substances should be expressed in appropriate units, as to allow direct and unambiguous comparison of the antimicrobial effectiveness.


      The essential oils from many plants are known to possess antibacterial and antifungal activity [7, 14-16]. From many previously performed in vitro antimicrobial studies using EO, it can be concluded that antimicrobial activity in most cases is connected to the abundance of phenolic compounds (thymol, carvacrol, eugenol, isoeugenol). The fungal pathogens are especially susceptible to phenolic compounds, particularly to eugenol [17-21].


      The chemical composition of thymol and carvacrol based EO (i.e. Thyme oil, Origano oil) can be rather complex and variable which will make a systematic study quite challenging. It has to be stressed one more time the need for the determination of chemical composition, especially because it is well known that these naturally occurring phenols can be toxic if present in high concentrations.


      The plant that has been used as a rich source of eugenol is Eugenia caryophyllata Eugenia aromaticum or Syzygium aromaticum L. Merr. and Perry). The tree (family ) is widely cultivated in Madagascar, Tanzania, Sri Lanka, Indonesia, India, and the aromatic dried flower buds are used for the production of clove oil usually by steam or hydrodistillation. Taking into consideration the high clove oil yield (10-20%), availability, affordability and high eugenol content (>70%), it is a good candidate for systematic antimicrobial studies. Additionally, the clove oil has a relatively simple and “constant” chemical composition with three main components: eugenol, 1, (70-88%), eugenyl acetate, 2, (4-15%) and the sesquiterpene, β-caryophyllene 3, (4-21%) [22]. Sometimes, the isomeric sesquiterpene, α-humulene, 4, is present in small quantities, with most commonly the oxidized sesquiterpenes - β-caryophyllene epoxide and α-humulene epoxides.


      The aim of this study was to further assess the antibacterial and antifungal activity of commercial essential oil from Eugenia caryophyllata, laboratory prepared (hydrodistilled) essential oil from Eugenia caryophyllata, and pure eugenol against some representative bacteria, yeasts and molds according to standardized in vitro antimicrobial screening protocol. The goal was to explore and see if the difference in the chemical composition would have an effect on the antimicrobial activity.

    


    
      MATERIALS AND METHODS


      
        Chemicals


        Eugenol (99%, Reagent plus), β-caryophyllene (98.5%), α-humulene (96%) meta-chloroperoxybenzoic acid (77%), and dichloromethane (99.5%) were obtained from Sigma-Aldrich. Dimethyl sulfoxide (DMSO, 99.8%), sodium hydroxide (98%), diethyl ether (99%) were obtained from Merck. All the chemicals were used without further purification.

      


      
        Plant Material And Essential Oils


        The commercial essential oil was obtained from a local pharmacy and was from the Beolab Spa & Wellness Company. The dried flower buds of Eugenia caryophyllata with declared origin from Madagascar were obtained from a local supplier. The plant material was pulverized and was subjected to hydrodistillation for 3 h in Clevenger-type apparatus (for denser than water EO). The essential oil was separated and dried over sodium sulfate for a minimum of 10 minutes. The overall yield of the EO was 14.2% (v/w) established on dry basis. Portion of the hydro distilled oil (2 g) was dissolved in ether (20 mL) and subjected to extraction with 5% (w/w) sodium hydroxide (3x15 mL). The combined NaOH layers were back-extracted with ether (3x10 ml). The combined aqueous layer was transferred to Erlenmayer flask and acidified with concentrated HCl to a pH value of 2. The acidified mixture is transferred to separate funnel and extracted with ether (3 x 15 mL). The combined organic layers were washed with water (3 x 15 mL) and brine (1 x15 mL). The ether layer was dried over sodium sulfate and decanted to a pre-weighed round bottom flask. Removal of solvents via rotary evaporation gave light yellow liquid (1.42 g), which was eugenol with analytical purity, GC-MS 99% pure. The purity was confirmed by comparison with authentic sample (eugenol, 99+% Reagent plus, Sigma-Aldrich). All the samples (isolated eugenol, the commercial EO and hydro distilled EO) were subjected to density, refractive index measurements, and IR and GC-MS analyses prior to the antimicrobial testing. Throughout the study they were stored at 4oC in dark glass air-tight bottles. Appropriate volumes of the samples were diluted in 100% DMSO, at a maximum concentration of 100 μLmL-1 (v/v) for each experiment. The FT-IR spectra were recorded on Varian 3100-IR Excalibur series spectrophotometer as liquid films between sodium chloride plates. The refractive index measurements were carried out on a digital Kruss A. Optronic (Germany) refractometer equipped with accurate internal thermostating unit.

      


      
        Essential Oil Analysis


        The chemical composition of clove bud essential oils was determined using GC and GC-MS. Samples (100 mg) were placed in 10 mL volumetric flask and were filled to the mark with dichloromethane. Gas chromatography (GC) was performed on Agilent 6890 GC system, equipped with flame-ionization detector (FID) and Agilent 5973 GC auto sampler. HP-5 column (30 m x 0.25 mm, 0.25 µm film thickness) was employed and nitrogen was used as a carrier gas at constant flow of 1.0 mLmin-1. Sample amount injected was 1µL, with applied split ratio of 1:50 at 250°C. The GC conditions were the following: the oven temperature started at 40°C and held for 5 min, then heated at 5°Cmin-1 to 140 °C, held for 5 min, then heated to 260°C at 10 °Cmin-1 and held at the final temp for 10 min. The temperature of the detector was at 260°C. The GC-MS analyses were carried out on a Varian 450 GC fitted with a VF-5MS fused silica capillary column (5% diphenyl- 95% dimethyl polysiloxane, 30 m x 0.25mm i.d., film thickness 0.25 μm) interfaced to a Varian 300 single quadrupole mass spectrometer, operated by Varian MS Workstation software. The GC temperature program was identical as in the GC-FID analysis. Helium (purity 99.999%) was used as a carrier gas with a constant flow rate of 1 mLmin-1. One microliter of the samples was injected using Varian CP 8410 autosampler, with a 50:1 split ratio and injector temperature of 250 °C. The temperatures of the transfer line and ion source were 240°C and 250°C, respectively. All mass spectra were acquired in electron impact (EI) mode at 70 eV in a full scan mode, with a range of 40-350 amu at a rate of 2 scans sec-1. Data acquisition and processing were carried out with Varian MS Workstation software, with capability of mass spectral matching. Identification of the components was based on comparison of the retention times with those of authentic samples and on computer matching against commercial (NIST 05) and home-made library mass spectra built up from pure substances and components of known oils. The relative amounts of individual components were calculated based on the GC-FID peak areas without response factor corrections. To correctly assign the GC peaks of the isomeric sesquiterpene epoxides (of β-caryophyllene and α-humulene) partial epoxidations with meta-chloroperoxybenzoic acid (mCPBA) were carried using literature procedures [23, 24]. β-Caryophyllene was reacted with 0.75 equivalent of mCPBA, at 0 °C for 30 min, in dichloromethane following the procedure of [23]. After subsequent work-up, the obtained crude product was analyzed by GC-MS (ca. 3:1 β-caryophyllene epoxide: starting material). α-Humulene was reacted with 1 equivalent of mCPBA in chloroform according to [24], and the crude product was analyzed by GC-MS (94% humulene epoxide II, 3% humulene epoxide I and ca. 1% starting material).

      


      
        Test Organisms


        The antimicrobial activity of the extracts was assessed against six bacterial strains, Bacillus subtilis ATCC 6633, Escherichia coli ATCC 8739, Staphylococcus aureus ATCC 6538, Pseudomonas aeruginosa ATCC 9027, Sarcina lutea ATCC 9341, Bacillus pumilus NCTC 8241; two yeasts: Saccharomyces cerevisiae ATCC 9763 and Candida albicans ATCC 10231; and three molds: Penicillium sp., Aspergillus niger ATCC 16404 and Aspergillus sojae.

      


      
        Resazurin Micro-Titre Assay


        The 96-well micro-titre assay using resazurin as the indicator of cell growth [25, 26] was employed for the determination of the minimum inhibitory concentration (MIC) of the active extracts.

      


      
        Standardization Of Inoculum


        The test organisms were sub-cultured onto fresh plates of Mueller- Hinton agar (Oxoid, UK) for 24 h at 37°C for bacteria and Saboraud dextrose agar (Oxoid, UK) for 5 - 7 days at 25°C for fungi. Colonies from these plates were suspended in Mueller-Hinton broth and Saboraud broth (Oxoid, UK) to a turbidity matching 0.5 McFarland standard (108 colony forming units (cfu) ml-1).

      


      
        Antimicrobial Assay


        Into each well of the 96-well micro-titre plate, 50 μL of the medium, 50 μL of the extract, 5 μL of the resazurin and 5 μL of the suspension were dropped. Concentrations of extract used were 100-0.049 μLmL-1. Dilutions were made using DMSO as solvent. Each plate was incubating for 24 hours at 37°C for bacteria and 5 - 7 days at 25°C for fungi, as described by [27]. A positive control (containing inoculum but no essential oil) and negative control (containing essential oil but no inoculum) were included on each microplate. A colour change from blue to pink was indicative of microbial growth. Solutions of benzylpenicillin, ampicillin and streptomycin (for bacteria) and nystatin (for yeasts and molds) were used for control wells.

      

    


    
      RESULTS AND DISCUSSION


      
        Chemical Composition of Essential Oils


        In our study, we have used commercial essential oil, hydro distilled one and pure isolated eugenol, 1. The clove buds (declared to be originating from Madagascar) were hydro distilled in Clevenger type of apparatus and the obtained EO was split into two parts. The first one was directly used in the antimicrobial studies, while the second part was used for the isolation of eugenol. The chemical composition of the isolated clove bud essential oil and the commercial clove bud essential oil was determined using GC-FID and GC-MS. Also, the purity of the isolated eugenol (99%) was determined by the GC-MS and refractive index measurement. From the obtained results it can be seen that in both the essential oils, the main component is eugenol 1 (Table 1). It is interesting to point out the absence of eugenyl acetate in the commercial essential oil and the presence of α-humulene. The chemical composition of the isolated essential oil is in agreement with the literature data (references within Table 2) [21, 22, 28-33].


        
          Table 1 Key data from the GC-MS analyses of essential oils.


          
            
              
                	Name

                	Molecular formula

                	Mr

                	Rt

                (min.)

                	Commercial essential oil

                wt.%

                	Prepared essential oil

                wt.%
              

            

            
              
                	eugenol

                	C10H12O2

                	164

                	23.982

                	84.77

                	86.29
              


              
                	eugenyl acetate

                	C12H14O3

                	206

                	29.158

                	tr.

                	9.19
              


              
                	β-caryophyllene

                	C15H24

                	204

                	25.805

                	10.41

                	1.21
              


              
                	α-humulene

                	C15H24

                	204

                	26.942

                	1.96

                	n.d
              


              
                	caryophyllene epoxide

                	C15H24O

                	220

                	31.737

                	2.27

                	2.69
              


              
                	humulene epoxide I

                	C15H24O

                	220

                	32.508

                	0.34

                	0.29
              


              
                	humulene epoxide II

                	C15H24O

                	220

                	33.877

                	0.25

                	0.31
              

            
          


          
            n.d–not detected; tr.-traces
          


        


        
          Table 2 Literature survey of origin and chemical composition of clove bud oil.


          
            
              
                	Component

                	Eugenol

                (1)

                	Eugenyl acetate (2)

                	β-Caryophyllene

                (3)

                	α-Humulene

                (4)

                	β-Caryophyllene oxide

                (5)

                	Humulene epoxide I (6)

                	Humulene epoxide II (7)
              


              
                	Origin
              

            

            
              
                	Ph. Eur. Limits [22]

                (%)

                	75-88

                	4-15

                	5-14

                	n.s.

                	n.s.

                	n.s.

                	n.s.
              


              
                	Madagascar [28] (%)

                	73.5-79.7

                	4.5-10.7

                	7.3-12.4

                	1-1.4

                	n.s.

                	n.s.

                	n.s.
              


              
                	Madagascar [29] (%)

                	82.6

                	6.0

                	7.2

                	0.8

                	0.3

                	0.1

                	tr.
              


              
                	India [29]

                	70

                	2.1

                	19.5

                	1.9

                	0.4

                	n.d.

                	0.1
              


              
                	Cuba [30]

                	69.8

                	16.1

                	13.0

                	0.6

                	n.d.

                	n.d.

                	n.d.
              


              
                	Turkey [31]

                	87.00

                	8.01

                	3.56

                	0.4

                	0.1

                	n.d.

                	n.d.
              


              
                	Italy [32] (commercial oil)

                	82.6

                	8.03

                	7.45

                	n.s.

                	n.s.

                	n.s.

                	n.s.
              


              
                	Portugal [21]

                (commercial oil)

                	85.3

                	n.d

                	6.8

                	0.9

                	0.1

                	n.d.

                	n.d.
              


              
                	Unknown [33] (hydrodistilled)

                	88.58

                	5.62

                	1.39

                	0.19

                	tr.

                	tr.

                	n.d.
              

            
          


          
            n.s.-not specified; n.d.-not detected; tr.-traces
          


        


        After the GC-FID/GC-MS analysis we have noted differences in the essential oils. It is interesting to note that both samples, based on the GC-MS analyses, contained, 2.3 and 2.7 wt.% of caryophyllene oxide, 5, which is an oxidation product of β-caryophyllene [34, 35]. Additionally, the commercial essential oil contained significant amounts of β-caryophyllene, 3, (10.41%), and some of α-humulene, 4, (~2%), while the hydro distilled EO contained low amounts of β-caryophyllene, 3, (1.21%). With pure eugenol as a control we had a convenient control probe to test the essential oils with almost the same content of eugenol (84.8 and 86.3 wt.%), but different content of eugenyl acetate and β-caryophyllene. The chemical composition of the isolated essential oil is in agreement with the literature data (references within Table 2).


        During our preparation we have thoroughly dried the hydro-distilled clove essential oil over sodium sulfate. We have postulated that the way commercial oils are manufactured they are not additionally dried. Over time and storage, the traces of water can hydrolyze the ester, eugenyl acetate, 2, and if it is originally present in small quantities it may not be detectable by GC analyses. In our case, we wanted to confirm the absence of 2, and to eliminate the possible decomposition and/or hydrolysis at the GC injector. For that purpose we have recorded the FT-IR spectra of all samples (commercial essential oil, the hydro distilled/dried essential oil and pure eugenol). The typical ester absorption band (1743 cm-1) was absent in the IR spectra of the commercial essential oil, but was present in hydrodistilled and dried essential oil.

      


      
        Antimicrobial Activity


        A few antimicrobial studies involving clove essential oils with chromatographically determined chemical composition have been done [33, 21, 19, 36]. Chemical composition can vary, depending on the origin, storage of the clove buds, isolation and processing and storage [34-36], which in turn may affect the results of the in vitro antimicrobial studies.


        The inhibitory activity of clove is due to the presence of several constituents, mainly eugenol, eugenyl acetate, beta-caryophyllene, 2-heptanone [33], and to a lesser extent because of their lower abundance- α-humulene, methyl salicylate, isoeugenol, methyl eugenol [37].


        Several studies have demonstrated potent antifungal [38-41], antiviral [19] and antibacterial effects of clove [17, 42-46]. It has been proposed that the most active compounds contain the phenol functional group. These phenolic compounds sensitize the phospholipid bilayer of the microbial cytoplasmic membrane causing increased permeability, unavailability of vital intracellular constituents [47] and/or impairment of bacterial enzymes systems [48].


        The 96-well micro-titre assay with resazurin [25] was employed to evaluate the antimicrobial activity of clove essential oil and eugenol. Blue-coloured suspensions are consistent with no growth of microorganisms, and red-coloured suspension are consistent with higher levels of microorganisms proliferation. This method is a nonradiometric, rapid, high-throughput assay that allows for the detection of bacterial activity with a high degree of confidence [49-51]. The assay is based on the oxidation–reduction dye resazurin as a general indicator of cellular growth [52]. In the presence of metabolic activity, the dye is reduced and undergoes a colour change with fluorescence.


        The results for antimicrobial properties of extracts are shown in Table 3. Eugenol, as a main component of extracts, demonstrated very strong activity against all tested microorganisms, with lowest MIC of 0.049 μLmL-1 for Bacillus subtilis ATCC 6633. With regard to antifungal activity, the clove extract was active against all the test fungal species (Table 3).The lowest MIC was for eugenol on Penicillium sp. (0.049 μLmL-1). The antimicrobial properties of clove essential oil were tested and showed inhibitory activity to Listeria monocytogenes, Campylobacter jejuni, Salmonella enteritidis, Bacillus cereus, Escherichia coli and Staphylococcus aureus [53, 54].


        
          Table 3 Minimal Inhibitory Concentration (MIC) of eugenol, E. caryophyllata essential oils (EO), antibiotics and antimycotic against test microorganisms.


          
            
              
                	

                	Eugenol

                	EO

                Comm.

                	EO

                Hydr.

                	Ampicillin

                CAS num. 69-53-4

                Mr 349.4

                	Benzyl penicillin

                CAS num. 61-33-6

                Mr 334.4

                	Strepto- mycin

                CAS num. 61-33-6

                Mr 1457.4

                	Nystatin

                CAS num. 140-61-9

                Mr 926.1
              

            

            
              
                	Test microorganisms

                	μLmL-1

                	μLmL-1

                	μLmL-1

                	μgmL-1

                	μgmL-1

                	μgmL-1

                	μgmL-1
              


              
                	μmolmL-1

                	μmolmL-1

                	μmolmL-1

                	μmolmL-1

                	μmolmL-1

                	μmolmL-1

                	μmolmL-1
              


              
                	Bacillus subtilis

                ATCC 6633

                	0.049

                	0.39

                	0.049

                	12.5

                	3.125

                	12.5

                	n.t.
              


              
                	0.00032

                	n.d.

                	n.d.

                	0.036

                	0.0093

                	0.0086

                	n.t.
              


              
                	Bacillus pumilus

                NCTC 8241

                	0.39

                	0.78

                	0.78

                	0.195

                	0.195

                	0.78

                	n.t.
              


              
                	0.00253

                	n.d.

                	n.d.

                	0.00056

                	0.00058

                	0.00054

                	n.t.
              


              
                	Staphylococcus aureus ATCC 6538

                	0.195

                	0.78

                	0.39

                	0.39

                	0.049

                	1.56

                	n.t.
              


              
                	0.00127

                	n.d.

                	n.d.

                	0.0011

                	0.00015

                	0.0011

                	n.t.
              


              
                	Sarcina lutea

                ATCC 9341

                	0.097

                	0.78

                	0.195

                	0.049

                	0.049

                	1.56

                	n.t.
              


              
                	0.02425

                	n.d.

                	n.d.

                	0.00014

                	0.00015

                	0.0011

                	n.t.
              


              
                	Escherichia coli

                ATCC 8739

                	0.195

                	0.39

                	0.049

                	50

                	25

                	1.56

                	n.t.
              


              
                	0.00127

                	n.d.

                	n.d.

                	0.143

                	0.0075

                	0.0011

                	n.t.
              


              
                	Pseudomonas aeruginosa ATCC 9027

                	0.78

                	3.125

                	1.56

                	12.5

                	25

                	25

                	n.t.
              


              
                	0.00507

                	n.d.

                	n.d.

                	0.036

                	0.0075

                	0.172

                	n.t.
              


              
                	Penicillium sp.

                	0.049

                	0.097

                	0.195

                	n.t.

                	n.t.

                	n.t.

                	12.5
              


              
                	0.00032

                	n.d.

                	n.d.

                	n.t.

                	n.t.

                	n.t.

                	0.013
              


              
                	Aspergillus sojae

                	0.195

                	0.39

                	0.39

                	n.t.

                	n.t.

                	n.t.

                	12.5
              


              
                	0.00127

                	n.d.

                	n.d.

                	n.t.

                	n.t.

                	n.t.

                	0.013
              


              
                	Aspergillus niger ATCC 16404

                	0.78

                	0.78

                	0.78

                	n.t.

                	n.t.

                	n.t.

                	12.5
              


              
                	0.00510

                	n.d.

                	n.d.

                	n.t.

                	n.t.

                	n.t.

                	0.013
              


              
                	Candida albicans ATCC 10231

                	0.195

                	0.78

                	0.097

                	n.t.

                	n.t.

                	n.t.

                	25.0
              


              
                	0.00127

                	n.d.

                	n.d.

                	n.t.

                	n.t.

                	n.t.

                	0.027
              


              
                	Saccharomyces cerevisiae ATCC 9763

                	0.097

                	0.097

                	0.39

                	n.t.

                	n.t.

                	n.t.

                	100.0
              


              
                	0.00063

                	n.d.

                	n.d.

                	n.t.

                	n.t.

                	n.t.

                	0.108
              

            
          


          
            n.t. - not tested; n.d.-not determined
          


        


        Essential oils of clove possess high antimicrobial properties [16]. Clove oil was effective against E. coli, L monocytogenes, S. enteric [55]. The antibacterial activity of clove against two gram-negative bacteria, such as Pseudomonas fluorescens and Serratia liquefaciens, and four gram-positive bacteria, such as Brochothrix thermosphacta, Carnobacterium piscicola, Lactobacillus curvatus, and Lactobacillus sp., involved in meat spoilage, was found effective.


        Generally, this study showed that clove oil was effective against both Gram-positive and Gram-negative bacteria, and yeasts and fungi, which is similar to other reports describing the use of essential oils. The present findings support, at least to some extent, the traditional uses of this plant, particularly its use for the treatment of bacterial and fungal infections and inflammation.


        It was also found that the eugenol had the strongest effect against bacterial cultures, with the exception of E. coli, where the freshly isolated essential oil had the strongest bactericidal effect. Also, the freshly isolated essential oil had the strongest effect against the C. albicans, Important to note is that a similar study on antifungal activity of eugenol and clove essential oil on Candida and Aspergillus species was done by Pinto and co-workers [21]. Another peculiarity is that in their study they have used a commercial essential oil from Portugal, and based on their GC analysis they have not detected eugenyl acetate either. Taking into consideration that in our study the only major difference between the two EOs (freshly prepared and commercial) is the presence of eugenyl acetate, one is tempted to attribute the higher overall antimicrobial activity of the freshly hydrodistilled/dried EO to its presence. This assumption finds support in recent study by Chiaradia and co-workers [56] who synthesized pure eugenyl acetate by lipase-catalyzed reaction in solvent-free system and tested its antimicrobial activity in parallel with eugenol employing diffusion disk technique. The eugenyl acetate led to an increase in the antimicrobial activity (16 bacteria tested) when compared to pure eugenol (i.e the acetylation of eugenol improved its antimicrobial properties). Further studies centered on the preparation and antimicrobial studies with surrogate EOs containing varying ratios of the three main components (eugenol, beta-caryophyllene and eugenyl acetate) are needed to establish the “true” contribution of each component. Also the minimal inhibitory concentration (MIC) for pure substances should be expressed in appropriate units, as to allow direct and unambiguous comparison of the antimicrobial effectiveness. The easiest way for comparison is to convert concentrations from μLmL-1 and μgmL-1 to μmol mL-1. The antimicrobial activity of eugenol can now be directly and unambiguously compared to the activity of the commercial antibiotics and antimycotics. From Table 3. it can be clearly seen, based on micromolar amounts, that eugenol is especially potent antifungal agent and is superior to man-made antimycotics. If one takes into consideration the high EO yield, availability, affordability and high eugenol content, the flower buds of Eugenia caryophyllata are more than obvious source of natural antimicrobials.

      

    


    
      CONCLUSION


      The results of our study confirmed that clove oil has a wide-spectrum antibacterial and antifungal activity. Even though it is quite difficult to attribute the biological activity of mixtures such as essential oils, it is not unreasonable to pinpoint the “major contributor”. In our particular case, it is eugenol, as confirmed by studies involving pure component and EOs containing high concentrations (84.8% and 86.29%) of eugenol. The outcome of these types of in vitro antimicrobial/antifungal tests depends on many factors, such as prior history of the plant material, the extraction method of EO, the storage conditions (Turek & Stintzing, 2012). All of the above-mentioned may affect the chemical composition of EO, and it is advisable to check the purity of EOs before in vitro antimicrobial tests. Despite the fact that the EOs are hydrophobic, the ones that contain larger quantities of phenolic compounds (ex. thymol,carvacrol, eugenol etc.) or contain hydrolysable compounds (ex. esters) should be dried after preparation and before testing. In order to avoid the ambiguities we propose, in addition to the determination of chemical composition by gas chromatographic techniques, to check the refractive index and the moisture content of the EOs.


      In summary, this study confirmed that clove essential oil and eugenol possess broad spectrum of in vitro antibacterial and antifungal activity. Therefore it represents an alternative source of natural antimicrobial substances for use to prevent the growth of different bacteria, yeasts and molds. For standardization of the results of the antimicrobial studies involving essential oils, prior check of their chemical composition is highly advisable.
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