SUPPLEMENTARY MATERIAL

Hierarchical cluster analysis and chemical characterization of Myrtus communis L. essential oil
from Yemen region and its antimicrobial, antioxidant and anti-colorectal adenocarcinoma
properties
Sirajudheen Anwar?, Rebecca A. Crouch?, Nasser A. Awadh Ali**, Mohamed A. Al-Fatimi*, William
N. Setzer” and Ludger Wessjohann®
'Department of Medicinal Chemistry, College of Clinical Pharmacy, Albaha University, Albaha,
KSA.Telephone +966/0502307369; Email: clinsiraj@gmail.com, sanwar@bu.edu.sa
Department of Chemistry, University of Alabama in Huntsville, Huntsville, AL 35899, USA. Tel: +1-
256-824-6519; Email: setzerw@uah.edu . Tel: 256-337-1186;
Email:rebecca.a.crouch@students.jsums.edu
*Department of Pharmacognosy, College of Clinical Pharmacy, Albaha University, Albaha,
KSA.Telephone 00966/0503085786; Email: alinasser9678@yahoo.comnaali@bu.edu.sa
4Pharmac0gn0sy Department, Faculty of Pharmacy, Aden University, P.O. Box 5411, Ma’alla, Aden,
Yemen; Telephone +967-2-233857, Email: malfatimi@googlemail.com
>Leibniz Institute of Plant Biochemistry, Department of Bio-organic Chemistry, Weinberg 3, 06120
Halle/Saale, Tel. +49 (345) 5582-1301; wessjohann@ipb-halle.de
*Corresponding author: alinasser9678@yahoo.com
Abstract
The hydrodistilled essential oil obtained from the dried leaves of Myrtus communis, collected in
Yemen, was analyzed by GC-MS. Forty-one compounds were identified, representing 96.3% of
the total oil. The major constituents of essential oil were oxygenated monoterpenoids (87.1%),
linalool (29.1%), 1,8-cineole (18.4%), a-terpineol (10.8%), geraniol (7.3%) and linalyl acetate
(7. 4%). The essential oil was assessed for its antimicrobial activity using a disc diffusion assay
and resulted in moderate to potent antibacterial and antifungal activities targeting mainly
Bacillus subtilis, Staphylococcus aureus and Candida albicans. The oil moderately reduced the
diphenylpicrylhydrazyl radical (1Cso= 4.2ul/ml or 4.1 mg/ml). In vitro cytotoxicity evaluation
against HT29 (human colonic adenocarcinoma cells) showed that the essential oil exhibited a
moderate antitumor effect with 1Cso of 110 + 4 pg/ml. Hierarchical cluster analysis of M.
communis has been carried out based on the chemical compositions of 99 samples reported in
the literature, including Yemeni sample.
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Experimental

Plant material: The leaves of M. communis with blue-black berries morph were collected in the
early morning from the Alselw district, Taiz province, Yemen, on 13" August 2011. The plant
was identified by Dr. Hassan M. Ibrahim of the Botany Department, Faculty of Sciences, and
Sana’a University. A voucher specimen (YMP-comp-14) has been deposited at the

Pharmacognosy Department, Sana’a University, Yemen.

Volatile oil extraction: Dried leaves from M. communis were hydrodistilled for 3 h in a
Clevenger type apparatus according to the European Pharmacopoeia (European Pharmacopoeia
1997). The obtained oil was subsequently dried over anhydrous Na,SO,4 and kept at 4°C until

analysis.

GC-MS analysis: The essential oil of M. communis was analyzed by GC-MS using an Agilent
6890 GC with Agilent 5973 mass selective detector [MSD, operated in the EI mode (electron
energy = 70 eV), scan range = 45-400 amu, and scan rate = 3.99 scans/sec], and an Agilent
ChemStation data system. The GC column was a HP-5ms fused silica capillary with a (5%
phenyl)-polymethylsiloxane stationary phase, film thickness of 0.25 pum, a length of 30 m, and
an internal diameter of 0.25 mm. The carrier gas was helium with a column head pressure of
48.7 kPa and a flow rate of 1.0 mL/min. Inlet temperature was 200°C and interface temperature
280°C. The GC oven temperature program was used as follows: 40°C initial temperature, hold
for 10 min; increased at 3°C/min to 200°C; increased 2°/min to 220°C. A 1 % w/v solution of
the sample in CH,Cl, was prepared and 1 pL was injected using a splitless injection technique.
Identification of the oil components was based on their retention indices determined by reference
to a homologous series of n-alkanes, and by comparison of their mass spectral fragmentation
patterns with those reported in the literature (Adams 2007), as stored in the MS library [NIST
database (G1036A, revision D.01.00) / ChemStation data system (G1701CA, version
C.00.01.080]. The percentages of each component are reported as raw percentages based on
total ion current (TIC) without standardization. The essential oil composition of M. communis is

summarized in Table S1.

Antimicrobial activity: The antimicrobial activity of the essential oil was evaluated by the agar
disc diffusion method, and the minimal inhibitory concentration (MIC) was determined using a
broth dilution method, as previously described (Ali et al. 2012).The microorganisms used were
Escherichia coli ATCC 10536, Pseudomonas aeruginosa ATCC 25619, Staphylococcus aureus



ATCC 29737, Bacillus subtilis ATCC 6633, and Candida albicans ATCC 2091. Muller Hinton
Agar (MHA) (Merck, Darmstadt, Germany) was used for bacterial culture at 37°C. Sabouraud
dextrose agar (Merck, Darmstadt, Germany) was used to culture Candida albicans.

Determination of antioxidant activity: For the preliminary test, analytical TLC on silica gel
plates was developed under appropriate conditions after application of 5 pL of oil solution, dried
and sprayed with DPPH solution (0.2%, MeOH). Five minutes later, active compounds appeared
as yellow spots against a purple background. Estimation of a radical scavenging effect was
carried out by using a DPPH free radical scavenger assay in 96-well microtiter plates (MTP)
according to the modified method (Mohamad et al.2004).A solution of DPPH (Sigma-Aldrich,
Germany) was prepared by dissolving 5 mg DPPH in 2 mL of methanol, and the solution was
kept in the dark at 4°C until use. Stock solutions of the samples were prepared at 2 mg/mL and
diluted to different concentrations. Methanolic DPPH solution (5 pL) was added to each well.
The plate was shaken for 2 min to ensure thorough mixing before being wrapped in aluminum
foil and stored in the dark. A methanolic solution of DPPH served as control. After 30 min the
optical density (OD) of the solution was measured at a wavelength of 517 nm using a microtiter
plate ELISA reader (Thermo, Finland) and the percentage decolorization calculated as an
indication of the antioxidant activity of the sample. Each experiment was made at least in
triplicate and 1Cso values were calculated. Ascorbic acid (Sigma-Aldrich, Germany) was used as
a positive control. DPPH scavenging activity is usually presented by an ICsy value, defined as
the concentration of the antioxidant needed to scavenge 50% of DPPH present in the test

solution.

Cytotoxicity test: HT29 cells were grown in a 5% CO, environmentat 37°C in RPMI 1640
medium without L-glutamine, supplementedwith 10% fetal bovine serum, 1% (200 mM) L-
alanyl-L-glutamineand 1.6% HEPES (1 M). Cells were plated into 96-well cell culture plates at
1.5 x 10° cells (HT29) per well. The volume in each well was 100 uL. After 24 h, supernatant
fluid was removed by suction and replaced with 100 uLL growth medium containing 0.1 pL of a
DMSO solution of the essential oil, giving final concentrations of 25, 50 and 100 pg/mL for each
well. Solutions were added to wells in 3 replicates. Medium controls without cells and DMSO
controls (0.5 uL DMSO/mL) were used. Digitonin (125 pM) was used as a positive control
(Rashan et al. 2011). After the addition of oils, plates were incubated for 72 h at 37°C in 5%
COy; medium was then removed by suction, and 100 pL of fresh medium was added to each

well. In order to establish percent growth inhibition rates, the XTT assay for cell viability was



carried out according to Cell Proliferation Kit Il protocol, (Roche) (Scudiere et al. 1988). After
colorimetric readings were recorded (Molecular Devices Spectra MAX M5 microplate reader,
490 nm), average absorbance, growth inhibition and standard deviations were determined. The
ICso value was determined using the Reed-Muench method (Reed and Muench 1938).

Hierarchical Cluster Analysis: A total of 98 M. communis essential oil compositions from the
published literature (Akin et al. 2010, Asllani 2000, Bazzali et al. 2012, Berka-Zougali et al.
2012, Boelens & Jimenez 1992, Bouzabata et al. 2015, Bouzouita et al. 2003, Brada et al. 2012,
Bradesi et al. 1997, Cherrat et al. 2014, Chryssavgi et al. 2008, Conti et al. 2010, Curini et al.
2003, Djenane et al. 2011, Farah et al. 2006, Flamini et al. 2004, Ghannadi & Dezfuly 2011,
Ghnaya et al. 2013, Hennia et al. 2015, Hsouna et al. 2014, Jamoussi et al. 2005, Khan et al.
2014, Koukos et al. 2001, Mahboubi & Bidgoli 2010, Messaoud et al. 2005, Mimica-Duki¢ et al.
2010, Moghrani & Maachi 2008, Mulas & Melis 2011, Ozek et al. 2000, Pereira et al. 2009,
Rahimmalek et al. 2013, Rasooli et al. 2002, Senatore et al. 2006, Tuberoso et al. 2006, Wannes
et al. 2007, 2010, Weherstahl et al. 1994, Yadegarinia et al. 2006, Zomorodian et al. 2013), as
well as the EOMC composition from this study were treated as operational taxonomic units
(OTUs). The percentage composition of 30 major essential oil components (o-pinene, 1,8-
cineole, linalool, limonene, a-terpineol, myrtenyl acetate, linalyl acetate, geranyl acetate, methyl
eugenol, a-terpinyl acetate, terpinen-4-ol, -ocimene, 3-pinene, p-cymene, geraniol, y-terpinene,
terpinolene, B-caryophyllene, 6-3-carene, a-thujene, myrtenol, myrcene, isobutyl isobutyrate,
neryl acetate, borneol, caryophyllene oxide, cis-verbenol, camphene, estragole, and bornyl
acetate) was used to determine the chemical relationship between the various M. communis
essential oil samples by agglomerative hierarchical cluster (AHC) analysis using the XLSTAT
software, version 2015.4.01. Pearson correlation was selected as a measure of similarity, and the
unweighted pair-group method with arithmetic average (UPGMA) was used for cluster

definition. The cluster analysis dendrogram is shown in Fig. S4.



Reference:

Adams RP. 2007. Identification of Essential Oil Components by Gas Chromatography / Mass
Spectrometry, 4th Ed. Carol Stream Illinois: Allured Publishing.

Ali NA, Sharopov FS, Alhaj M, Hill GM, Porzel A, Arnold N, Setzer WN, Schmidt J,

Wessjohann L.2012.Chemical composition and biological activity of essential oil from
Pulicaria undulata from Yemen. Nat Prod Commun. 7:257-260.

Akin A, Aktumsek. A, Nostro. 2010.Antibacterial activity and composition of the essential oils
of Eucalyptus camaldulensis Dehn. and Myrtus communis L. growing in Northern Cyprus.
Afr J Biotechnol. 9:531-535.

Asllani U. 2000. Chemical composition of Albanian myrtle oil (Myrtus communis L.). J. Essent. Oil

Res. 12:140-142.

Bazzali O, Tomi F, Casanova J, Bighelli A. 2012. Occurrence of C8-C10 esters in Mediterranean
Myrtus communis L. leaf essential oil. Flavour. Fragr. J. 27:335-340.

Berka-Zougali B, Ferhat MA, Hassani A, Chemat F, Allaf KS. 2012. Comparative study of essential
oils extracted from Algerian Myrtus communis L. leaves using microwaves and hydrodistillation.
Int. J. Mol. Sci. 13:4673-4695.

Boelens MH, Jimenez R. 1992. The chemical composition of Spanish myrtle oils. Part Il. J. Essent.
Oil Res. 4:349-353.

Bouzabata A, Cabral C, Gongalves MJ, Cruz MT, Bighelli A, Cavaleiro C, Casanova J, Tomi F,
Salgueiro L. 2015. Myrtus communis L. as source of a bioactive and safe essential oil. Food
Chem. Toxicol. 75:166-172.

Bouzouita N, Kachouri F, Hamdi M, Chaabouni MM. 2003. Antimicrobial activity of essential oils
from Tunisian aromatic plants. Flavour Fragr. J. 18:380-383.

Brada M, Tabti N, Boutoumi H, Wathelet JP, Lognay G. 2012. Composition of the essential oil of
leaves and berries of Algerian myrtle (Myrtus communis L.). J. Essent. Oil Res. 24:1-3.
Bradesi P, Tomi F, Casanova J, Costa J, Bernardini F. 1997. Chemical composition of myrtle leaf

essential oil from Corsica (France). J. Essent. Oil Res. 9:283-288.

Cherrat L, Espina L, Bakkali M, Garcia-Gonzalo D, Pagan R, Laglaoui A. 2014. Chemical
composition and antioxidant properties of Laurus nobilis L. and Myrtus communis L. essential
oils from Morocco and evaluation of their antimicrobial activity acting alone or in combined
processes for food preservation. J. Sci. Food Agric. 94:1197-204.

Chryssavgi, G., Vassiliki, P., Athanasios, M., Kibouris, T., Michael, K., 2008. Essential oil



composition of Pistacia lentiscus L. and Myrtus communis L.: Evaluation of antioxidant
capacity of methanolic extracts. Food Chem. 107: 1120-1130.

Conti B, Canale A, Bertoli A, Gozzini F, Pistelli L. 2010. Essential oil composition and larvicidal
activity of six Mediterranean aromatic plants against the mosquito Aedes albopictus (Diptera:
Culicidae). Parasitol. Res. 107:1455-1461.

Curini M, Bianchi A, Epifano F, Bruni R, Torta L, Zambonelli A. 2003. Composition and in vitro
antifungal activity of essential oils of Erigeron canadensis and Myrtus communis from France.
Chem. Nat. Comp. 39:191-194.

Djenane D, Yanguela J, Amrouche T, Boubrit S, Boussad N, Roncalés P. 2011. Chemical
composition and antimicrobial effects of essential oils of Eucalyptus globulus, Myrtus communis
and Satureja hortensis against Escherichia coli O157:H7 and Staphylococcus aureus in minced
beef. Food Sci. Technol. Int. 17:505-515.

European Pharmacopoeia, 1997. Council of Europe, 3rd Ed., Strasbourg: Council of Europe Press,
p.121-122.

Farah A, Afifi A, Fechtal M, Chhen A, Satrani B, Talbi M, Chaouch. 2006. Fractional distillation
effect on the chemical composition of Moroccan myrtle (Myrtus communis L.) essential oils.
Flavour Fragr. J. 21:351-354.

Flamini G, Cioni PL, Morelli I, Maccioni S, Baldini R. 2004. Phytochemical topologies in some
populations of Myrtus communis L. on Caprione Promontory (East Liguria, Italy). Food Chem.
85:599-604.

Ghannadi A, Dezfuly N. 2011. Essential oil analysis of the leaves of Persian true myrtle. Int. J. Med.
Arom. Plants 1:48-50.

Ghnaya AB, Chograni H, Messoud C, Boussaid M. 2013. Comparative chemical composition
and antibacterial activities of Myrtus communis L. essential oils isolated from Tunisian and
Algerian population. J. Plant Pathol. Microb. 4:186.

Hennia A, Brada M, Nemmiche S, Fauconnier ML, Lognay G. 2015. Chemical composition and
antibacterial activity of the essential oils of Algerian Myrtus communis L. J. Essent. Oil Res.
27:324-328.

Hsouna AB, Hamdi N, Miladi R, Abdelkavi S. 2014. Myrtus communis essential oil: Chemical
composition and antimicrobial activities against food spoilage pathogens. Chem. Biodivers.
11:571-580.

Jamoussi B, Romdhane M, Abderraba A, Hassine BB, El Gadri A. 2005. Effect of harvest time on

the yield and composition of Tunisian myrtle oils. Flavour Fragr. J. 20:274-277.



Khan M, Al-Mansour MA, Mousa AA, Alkhathlan HZ. 2014. Compositional characteristics of the
essential oil of Myrtus communis grown in the central part of Saudi Arabia. J. Essent. Oil Res.
26:13-18.

Koukos PK, Papadopoulou KI, Papagiannopoulos AD. 2001. Chemicals from Greek forestry
biomass: Constituents of the leaf oil of Myrtus communis L. grown in Greece. J. Essent. Oil Res.
13:245-246.

Mahboubi M, Bidgoli FG. 2010. In vitro synergistic efficacy of combination of amphotericin B with
Myrtus communis essential oil against clinical isolates of Candida albicans. Phytomedicine
17:771-774.

Messaoud C, Zaouali Y, Ben Salah A, Khoudja ML, Boussaid M. 2005. Myrtus communis in
Tunisia: variability of the essential oil composition in natural populations. Flavour Fragr. J.
20:577-582.

Mimica-Duki¢ N, Bugarin D, Grbovi¢ S, Miti¢-Culafi¢ D, Vukovi¢-Gacié¢ B, Or¢i¢ D, Jovin E,
Couladis M. 2010. Essential oil of Myrtus communis L. as a potential antioxidant and
antimutagenic agents. Molecules 15:2759-2770.

Moghrani H, Maachi R. 2008. Valorization of Myrtus communis essential oil obtained by steam
driving distillation. Asian J. Sci. Res. 1:518-524.

Mohamad H, Abas F, Permana D, Lajis NH, Ali AM, Sukari MA, Hin TTY, Kikuzaki H, Nakatani
N. 2004. DPPH free radical scavenger components from the fruits of Alpinia Rafflesiana
Wall.ExBak.(Zingiberaceae).ZNaturforsch. 59c: 811-815.

Mulas M, Melis RAM. 2011. Essential oil composition of myrtle (Myrtus communis) leaves. J.
Herbs Spices Med. Plants 17:21-34.

Ozek T, Demirci B, Baser KHC. 2000. Chemical composition of Turkish myrtle oil. J. Essent. Qil
Res. 12:541-544.

Pereira PC, Cebola MJ, Bernardo Gil MG.2009. Evolution of the yields and composition of
essential oil from Portuguese myrtle (Myrtus communis L.) through the vegetative cycle.
Molecules 14: 3094-3105.

Rashan LJ, Franke K, Khine MM, Kelter G, Fiebig HH, Neumann J, Wessjohann LA. 2011.
Characterization of the anticancer properties of monoglycosidiccardenolides isolated from
Nerium oleander and Streptocaulon tomentosum. J.Ethnopharmacol. 134: 781-8.

Rahimmalek M, Mirzakhani M, Pirbalouti AG. 2013. Essential oil variation among 21 wild myrtle

(Myrtus communis L.) populations collected from different geographical regions in Iran. Ind.
Crops Prod. 51:328-333.



Rasooli I, Moosavi ML, Rezaee MB, Jaimand K. 2002. Susceptibility of microorganisms to Myrtus

communis L. essential oil and its chemical composition. J. Agric. Sci. Technol. 4:127-133.
Reed LJ, Muench H. 1938. A simple method of estimating fifty per cent endpoints. Am J
Hygiene. 27: 493-497.

Senatore F, Formisano C, Napolitano F, Rigano D, Ozcan M. 2006. Chemical composition and
antibacterial activity of essential oil of Myrtus communis L. growing wild in Italy and Turkey. J.
Essent. Oil Bear. Plants 9:162-1609.

Tuberoso CIG, Barra A, Angioni A, Sarritzu E, Pirisi FM. 2006. Chemical composition of volatiles
in Sardinian myrtle (Myrtus communis L.) alcohol extracts and essential oils. J. Agric. Food
Chem. 54:1420-1426.

Wannes WA, Mhamdi B, Marzouk B. 2007. Essential oil composition of two Myrtus communis L.
varieties grown in north Tunisia. Ital. J. Biochem. 56:180-186.

Wannes WA, Mhamdi B, Sriti J, Jemia MB, Ouchick O, Hamdaoui G, Kchouk ME, Marzouk B.
2010. Antioxidant activities of the essential oils and methanol extracts from myrtle (Myrtus
communis var. italica L.) leaf, stem and flower. Food Chem. Toxicol. 48:1362-1370.

Weherstahl P, Marschall H, Rustaiyan A. 1994. Constituents of the essential oil of Myrtus communis
L. from Iran. Flavour Fragr. J. 9:333-337.

Yadegarinia D, Gachkar L, Rezaei MB, Taghizadeh M, Astaneh SA, Rasooli I. 2006. Biochemical
activities of Iranian Mentha piperita L. and Myrtus communis L. essential oils. Phytochemistry
67:1249-1255.

Zomorodian K, Moein M, Lori ZG, Ghasemi Y, Rahimi MJ, Bandegani A, Pakshir K, Bazargani A,
Mirza Mohammadi S, Abbasi N. 2013. Chemical composition and antimicrobial activities of the

essential oil from Myrtus communis leaves. J. Essent. Oil Bear. Plants 16:76-84.



Table S 1: Essential oil composition of Myrtus communis

RI? RIP Compound Avrea (%)
1 912 911 Isobutyl isobutyrate 0.1
2 942 939 a-Pinene 2.3
3 993 990 Myrcene Tre
4 1025 1024 p-Cymene 0.1
5 1028 1029 Limonene 0.4
6 1032 1031 1,8-Cineole 18.4
7 1039 1037 (2)-p-Ocimene Tr
8 1049 1050 (E)-p-Ocimene Tr
9 1073 1072 cis-Linalool oxide (furanoid) 0.1
10 1089 1086 trans-Linalool oxide (furanoid) 0.1
11 1104 1096 Linalool 29.1
12 1113 1116 endo-Fenchol Tr
13 1138 1139 trans-Pinocarveol 0.3
14 1165 1169 Borneol 0.1
15 1167 1166 8-Terpineol 0.2
16 1177 1177 Terpinen-4-ol 0.6
17 1186 1182 p-Cymen-8-ol Tr
18 1192 1188 a-Terpineol 10.8
19 1198 1196 Estragole (= Methyl chavicol) 0.2
20 1217 1216 trans-Carveol 0.1
21 1227 1229 Nerol 0.4
22 1253 1252 Geraniol 7.3
23 1258 1257 Linalyl acetate 7.4
24 1271 1267 Geranial 0.1
25 1299 1298 trans-Pinocarvyl acetate Tr
26 1302 1299 Carvacrol Tr
27 1323 1324 Methyl geranate 0.4
28 1350 1349 a-Terpinyl acetate 6.2
29 1366 1361 Neryl acetate 1.7
30 1386 1381 Geranyl acetate 3.8
31 1407 1403 Methyl eugenol 4.0
32 1419 1419 (E)-Caryophyllene Tr
33 1454 1455 Geranylacetone Tr
34 1487 1488 (E)-p-lonone 0.1
35 1496 1492 3-Selinene Tr
36 1516 1515 Geranyl isobutanoate Tr
37 1522 Unidentified 1.6
38 1546 1547 Flavesone 0.5
39 1584 1583 Caryophyllene oxide 0.9
40 1609 1608 Humulene epoxide 11 0.2
41 1636 1640 Caryophylla-4(12),8(13)-dien-5-ol Tr
42 1645 Unidentified 0.9
43 1655 1659 Selin-11-en-4a-ol 0.4



44 1718 Unidentified 0.7

Monoterpene hydrocarbons 2.8

Oxygenated monoterpenoids 87.1
Sesquiterpene hydrocarbons Tr

Oxygenated sesquiterpenoids 15
Phenylpropanoids 4.2
Others 0.7
Total Identified (41) 96.3

2 Retention indices relative to a series of normal alkanes on an HP-5ms column.
® Retention indices from Adams (2007).
© Tr = “trace” (< 0.05%).

Table S2: Inhibition zone (mm) of Myrtle Oil:

Inhibition zones in (mm)
bacteria

Resist

Plant Conc. . . ant | Fungus
+ -
ram (+ve) ram (-ve) bacteri
a
S.a B.s E.c P.a MRSA Ca
10 pl/disc
M.communis 14 48 10 -ve 11 19
8.6*103mcg/disc
Ampicillin Disc 10 mcg/disc 39 32 22 17 - -
Gentamicin Disc 10 mcg/disc 23-1| 35 27 23 | e | e
Enoxacine 10mcg/disc ol T I (R 22
Nystatin Disc 100unitidisc | — | - - - 27
Sterile Disc -ve |-ve |-ve |-ve -ve -ve

Mean zone of inhibition in mm, S.a = S.aureus ; B.s =Bacillus subtilis; E.c = Ecoli; P.a = Pseudomonas

aerogenosa; C.a= Candida albicans; *MRSA :Methicillin Resistant Staphylococcus.



Table S3: Minimum inhibitory concentration of Myrtle oil:

MIC
(ng/mi)

Bacteria

Resistant

Gram (+ve) bacteria

S.a B.s . . C.a

10 5 10

M.communis
(8.6%103) (4.3%103) (8.6%103)

Growth control

Sterility control

MIC = minimal inhibitory concentration (ug/mL); S.a = S.aureus ; B.s =Bacillus subtilis; E.c = Ecoli;

P.a = Pseudomonas aerogenosa; C.a= Candida albicans; *MRSA: Methicillin Resistant Staphylococcus.



Figure S4: Dendrogram obtained from the agglomerative hierarchical cluster analysis of
99 Myrtus communis essential oil compositions:
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