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The essential oil and gum of Pistacia lentiscus var. chia, commonly known as the mastic tree, are
natural antimicrobial agents that have found extensive uses in medicine in recent years. In this work,
the chemical composition of mastic oil and gum was studied by GC—MS, and the majority of their
components was identified. a-Pinene, f-myrcene, 5-pinene, limonene, and -caryophyllene were found
to be the major components. The antibacterial activity of 12 components of mastic oil and the oil
itself was evaluated using the disk diffusion method. Furthermore, attempts were made to separate
the essential oil into different fractions in order to have a better picture of the components responsible
for its antibacterial activity. Several trace components that appear to contribute significantly to the
antibacterial activity of mastic oil have been identified: verbenone, a-terpineol, and linalool. The
sensitivity to these compounds was different for different bacteria tested (Escherichia coli, Staphy-
lococcus aureus, and Bacillus subtilis), which suggests that the antibacterial efficacy of mastic oil is
due to a number of its components working synergistically. The establishment of a correlation between
the antibacterial activity of mastic oil and its components was the main purpose of this research.
Mastic gum was also examined, but it proved to be more difficult to handle compared to the essential
oil.
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INTRODUCTION Of the different plant extractions (decoctions, infusions, macera-
tions, and extracts from petroleum ether and from ethanol),

Mastic is a white, semitransparent, natural resin that is q : h dthe b ib il activi h 0 b
obtained as a trunk exudate from mastic trees. The mastic treed€cOCtions showed the best antibacterial activity. It has also been

is an evergreen bush that thrives in the Eastern MediterranearfoumI thqt chewm_g mastic gum prevents plaque formation or
area, but only in the southern part of the island of Chios, a reduces it when it has already been formed on those teeth

Greek island, does the plant produce resin that congeals. ItSsurfaces that can be reached by the mass of mastiche during its
i methodical chewing (5).

scientific name isPistacia lentiscus, of the Anacardiaceae .
In surgery, byproducts of mastic gum are used for the

family. Mastic gum has numerous qualities and uses and is now . . ;
y g g production of special stitches that are eventually absorbed by

exported to many countries. In medicine, a lot of research hasth h bodv. In dentist " A | antisenti
been undertaken on the properties of mastic gum. For example, € human body. In dentistry, mastic acts as an oral antiseptic

mastic gum has been used in clinical trials on patients with and ughtens the gum_sSX, and for that reason It is useql n
peptic ulcers 1). The administration of mastic (1 g daily) Foothpastes gnd chewing gums. The essentlal .O'l of mastic gum
relieved the pain and healed the stomach and duodenal ulceratior® also used In perfumery and in the cosmetic |ndu§try (creams
in the majority of the patients within 2 weeks. The same group and oth_er facial produc_tsﬁX_. Mo_reo_ver, there are C“"”?W uses
of researcher<2] confirmed that mastic gum killslelicobacter 0; n;]astlc, for:axample, in biscuits, ice cream, and mastic “sweets
pylori, at concentrations as low as 0.06 mg/mL. In an earlier 0 'T’he s%oon. : | i fth tic oil and "

study @), the effect of mastic has been studied on experimentally € chemical composition ot theé mastic oif ahd mastic gum

induced gastric and duodenal ulcers in rats. Mastic at an oral has recently be_en St“_d'ed"_(?‘)' but as yet no _c_orrelatlon .
dose of 500 mg/kg produced a significant reduction of gastric between the antibacterial activity and the composition of mastic

secretions, protected cells, and reduced the intensity of gastrichas been repprted for the \{arleilyla_ Thg purpose .Of th's study
mucosal damage. The in vitro antimicrobial activity Bf was to examine the chemical composition of this oil and gum

lentiscusextracts has also been tested on bacteria and fdhgi ( and to examine thg ar_wtlbac_tenal activity of 12. individual
components of mastic oil against three test organisms.
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(Chios, Greece) and VIORYL S. A. (Athens, Greece). Five oil samples  Antibacterial Activity of Mastic Qil, Its Components, and Its

were used in the analysis: mastic oil as received, three successiveFractions. Three representative bacteria were selected for this study:
fractions from distillation (see below), and the fraction of the oil that Escherichia coli{Gram-negative rod)Staphylococcus aureySram-
remained in the flask after the distillation. The oil was diluted in ethanol positive cocci), andBacillus subtilis (Gram-positive rod). The 12
(50% v/v) in order to reduce the concentration of the pure oil and individual components of mastic oil tested werginene 5-myrcene,
identify even its trace components. The distillate fractions (see below) p-cymenef-caryophyllene, verbenone;terpineol, methyl isoeugenol,
were analyzed as collected. Mastic gum was ground with the help of limonene,$-pinene, linalool,y-terpinene, andrans-anethole. All of

a pestle and mortar and was then partially dissolved in ethanol (30 the above components were of the highest purity available (above 97%)
mg/mL), and the undissolved part of the gum was removed by filtration and were obtained from Sigma-Aldrich Chemical Co. (Dorset, UK),
and disgarded. The ethanol soluble part of the gum was analyzed bywith the exception ofa-terpineol andtrans-anethole, which were
GC—MS and GC-FID and was also tested for its antibacterial activity. obtained from Fisher Scientific (Fisher Scientific, Leicestershire, UK).
Standards were also analyzed and tested for their antibacterial activ- The disk diffusion susceptibility method1—13) was used in order

ity: a-pinene, f-myrcene, p-cymene, -caryophyllene, verbenone,  to examine the sensitivity of the bacteria of interest toward mastic oil,
o-terpineol, methyl isoeugenol, limonengspinene, linalool,y-ter- its components, and its collected fractions. Essential oils and many of
pinene, andrans-anethole. All of the above components were of the their components have limited solubility in aqueous media, and this
highest purity available (above 97%) and were obtained from Sigma- property was expected to cause difficulty in susceptibility test methods.
Aldrich Chemical Co. (Dorset, UK), with the exception@fterpineol To overcome this difficulty, a modified disk diffusion method was also
and trans-anethole, which were obtained from Fisher Scientific tried. In preliminary experiments to examine the effect of solubilizing
(Leicestershire, UK). A 1% v/v solution in ethanol was prepared for agent on the diffusion of components through the agar, two sets of
each standard in order to be analyzed by-@€S and GC—FID. media were prepared: one without the presence of detergent and one

Distillation of Mastic Oil. A microdistillation setup was used to  with the presence of Tween 80 detergent. Muelldinton (MH) Agar
separate the mastic oil (2 mL) into fractions of differing volatilities. was used, prepared according to the instructions of the manufacturer
The sample was heated by an oil bath and the pressure in the distillation(OXOID Ltd., Basingstoke, Hampshire, UK).
system was reduced to 20 mmHg. The first fraction was collected  All agar plates were prepared in 90-mm Petri dishes with 20 mL of
without any heating (maximum temperature Z0). When the distil- agar, giving a final depth of 4 mm. Overnight broth cultures were
lation stopped, the mastic oil that remained in the flask was gradually prepared in Bacto heart infusion broth which was prepared according
heated to 22C and the distillate collected (fraction 2) until distillation ~ to the instructions of the manufacturer (Becton, Dickinson and Co.,
ceased. No further distillate was collected, despite increasing the Sparks, MD), appropriately adjusted in PBS (phosphate-buffered saline)
temperature of the oil bath to 14C. When the apparatus was removed or in Saline 0.9% in order to yield approximately 1x010° cfu/mL
from the oil bath, it was observed that the remaining essential oil had (colony forming units/mL). Whatman paper disks (Whatman Interna-
become very viscous and its color had changed from very pale yellow tional Ltd, Maidstone, UK) of 6-mm diameter were placed on the
to very intense yellow. The flask was rinsed twice with ethanol. The inoculated agar surfaces and were impregnated with2@f each
first rinse became fraction 3 and the second fraction 4. chemical to be tested.

Chemical Composition of Mastic Oil and Gum. The GG-MS Standard antibiotics were used in order to provide a control for the
analysis of the samples was undertaken using a Shimadzu GC-17A,Sensitivity of the test organisms in the experiments. For each bacterium,
QP-5000 GC—MS system, operating in electron ionization (El) mode two antibiotics {5, 16) were chosen as controls: far coli, gentamicin
with an ionization energy of 70 eV. The instrument was equipped with and tetracycline, and for bot8. aureusand B. subtilis, gentamicin

a Supelco SPB TM-1 capillary column (30 m, 0.25 mm i.d., Q2% and vancomycin. Standard graphs for each antibiotic were prepared
film thickness) with helium as carrier gas at 0.7 mL/min flow rate. by testing paper disks containing varying amounts of the antibiotic
Column temperature was initially kept for 1 min at 60, gradually against a standard organism. The concentrations of each antibiotic used

increased to 180C at a rate of 3.3C/min, and finally increased to  for that purpose were 500, 200, 100, 50, andugmL (in 18.2 MQ
280°C at a rate of 20C/min and kept there for 2 min. The injector ~ Water). Each test was performed in duplicate and plates with and without
and interface were set at 220 and 250, respectively. The gas  Tween 80 were used fdE. coli. Standard graphs for each antibiotic

chromatograph operated in the split mode with a split ratio of 93:1. and each bacterium were prepared by plotting the logarithm of the
The mass spectrum was monitored startingnét 60 and ending at concentration of the antibiotic versus the mean zone of inhibition, and

m/z 350, with a scan interval of 0.5 and a threshold of 400, and the & Very good linearity was observed. The same procedure was followed
solvent cut was set at 4 min. The injection volume wasll The for mastic oil, mastic gum, the mastic oil distillation fractions, selected

injected solutions were (i) solution of mastic oil in ethanol (50% v/v), Standards (see below), and ethanol. Each samplel(2d the liquids
(i) ethanol solutions of each standard (1% v/v), (iii) the ethanol-soluble @nd 20uL of a 30 mg/mL solution of the gum extracts) was applied to
part of mastic gum (30 mg/mL original sample before filtration), and the paper disks, and they were tested on plates containing MH agar
(iv) the collected fractions from the distillation (see Distillation of ~(Without Tween 80).
Mastic Oil). _ N o RESULTS AND DISCUSSION

The chemical composition of mastic oil and gum was also analyzed  chemical Composition of Mastic Oil and Gum. The oil,

using GC—FID, since the flame ionization detector is known to have gum, and distillation fractions were analyzed by @S using

higher sensitivity and the signal magnitude is to a reasonable ap- . - . .
proximation proportional to the analyte concentration, independent of the method described aboveable 1 contains the identified

its identity. The samples were prepared as for the-®IS analysis. peaks of fractions 14, along with their percentages, in
The GC-FID analysis of the samples was undertaken with a Shimadzu comparison with those of mastic oil and of the ethanol-soluble
GC-17A, system, equipped with a capillary column SGE-BPX5 (30 components of mastic gum. G@1S analysis of the oil and

m, 0.32 mm i.d., 0.5m film thickness). The carrier gas used was the gum led to the identification of the majority of the
helium, the makeup gas was nitrogen, while hydrogen and air were components, which are listed in Table 1 along with their
used as ignition gases for the detector. The data system used wasemiquantitative data. A typical GEMS chromatogram of
Shimadzu Class VP Chromatography Software. The method used wasmastic oil, obtained with the analytical method described above,
similar to that of GG-MS. Column temperature was initially kept for is illustrated inFigure 1. The GC—FID analysis of mastic oil

1 min at 60°C, gradually increased to 18T at a rate of 3.5C/min, and gum showed no significant difference compared to that

and finally increased to 288C at a rate of 20C/min and kept there . g e
for 2 min>./ The injector and detector were set at 280 arl?d =20 obtained by G&MS. The identification of the components was

respectively. The flow rate of the carrier gas in the column was kept P@s€d on comparison of their mass spectra with those of
constant at 1.0 mL/min, and the gas chromatograph operated in theNIST12.LIB and NIST62.LIB libraries, as well as on compari-
split mode with a split ratio of 100:1. One microliter of the samples Son of their retention indices {) and of the standard compo-
was injected manually, as for the GC—MS analysis. nents analyzed (see Materials and Methods).
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Table 1. Chemical Composition of Mastic Oil and Mastic Gum As Determined by GC-MS and GC—FID Analysis and Comparison of Their Chemical
Composition with the Collected Fractions, Assuming That the Chromatogram Peaks Areas Are Proportional to the Concentration of Analytes

percentage (%)?

identification mastic mastic fraction fraction fraction fraction

compound RIP methods® gum oil 1 2 3 4
octyl formate 923 MS —d tre tr tr tr -
tricyclene 926 MS - 0.1 - - - -
o—pinene 939 GC-MS 40.9 63.3 66.3 52.6 24 31
camphene 953 MS 1.0 0.6 1.2 14 tr -
sabinene 976 MS 0.3 0.4 0.8 15 0.1 0.2
f-pinene 980 GC-MS 1.7 33 5.4 8.8 0.6 12
pB-myrcene 991 GC-MS 9.0 25.0 131 21.6 7.8 17.0
methyl-o-cresol 1009 MS 0.3 0.6 1.0 1.8 0.7 14
p-cymene 1026 GC-Ms - 0.1 0.1 0.2 0.1 03
limonene 1031 GC-MS 0.8 15 1.7 32 1.8 38
(2)-p-ocimene 1040 MS - tr tr 0.1 - -
(E)-p-ocimene 1050 MS - tr 0.1 0.1 tr 0.2
o-terpinolene 1087 MS - tr - - - -
o-pinene epoxide 1095 MS - - 14 14 42 77
linalool 1098 GC-MS 0.8 05 0.4 03 27 32
perillene 1099 MS 0.8 05 038 0.8 26 43
cis-verbenol 1100 MS - 0.1 04 04 35 5.2
a-campholene aldehyde 1126 MS 0.3 0.1 0.1 0.2 0.6 0.9
trans-pinocarveol 1139 MS - 0.1 0.2 0.2 2.3 2.3
trans-verbenol 1143 MS 0.5 0.3 0.8 0.8 9.6 10.4
[-pinene epoxide 1156 MS - - tr tr 0.5 05
myrtenal 1193 MS 0.5 0.1 0.2 0.2 1.7 1.9
a-terpineol 1180 GC-MS - tr - - - -
myrtenol 1188 MS - tr - - - -
verbenone 1189 GC-MS 0.8 0.1 04 04 6.5 6.1
trans-carveol 1217 MS - tr tr tr 0.3 0.1
dihydrocarveol 1226 MS - - - - 0.2 0.2
neral 1240 MS - 0.1 - - - -
linalyl acetate 1257 MS - tr tr tr 0.5 0.2
(E)-anethole 1283 GC-MS tr 0.1 tr tr 0.5 0.4
o-fenchyl acetate 1290 MS - tr - - 0.2 0.1
neryl acetate 1365 MS - - 0.2 0.2 13 17
a-copaene 1381 MS - tr - - 0.2 0.1
[-caryophyllene 1419 GC-MS 5.3 0.9 0.1 0.1 25 21
o-humulene 1454 MS 01 0.1 - tr 04 0.2
(E)-methylisoeugenol 1500 GC-MS 0.9 tr - - 04 0.1
(Z,2)-farnesol 1713 MS 11.9 0.1 - - 6.3 32
(E,2)-farnesol 1742 MS 0.1 tr - - 18 1.6

2 Percentages obtained by GC—FID. © Retention index relative to n-alkanes on SGE-BPX-5 capillary column (similar type to DB-5 capillary column). ¢ Methods: GC,
identification based on retention times of standard compounds on SGE-BPX-5 capillary column; MS, tentatively identified based on computer matching of the mass spectra
of peaks with NIST12.LIB and NIST62.LIB libraries and published data. ¢ An en-dash denotes that the percentage was below the limit of detection. € Less than 0.1%.

o A o s s L 8 AT 1. octyl formate 18. trans — pinocarveol
s T 2. tricyclene 19.  trans-verbenol
e 1B 3. o — pinene 20. neral
b= 3 4. camphene 21. myrtenal
N 5. sabinene 22. a-terpineol
6. B — pinene 23.  myrtenol
7. P — myrcene 24, verbenone
8. methyl o — cresol 25. trans — carveol
9. {Z)-B-ocimene 26. linalyl acetate
4 10. p-cymene 27. (E)-anethole
i 11. limonene 28. «- fenchyl acetate
12. (E)-B-ocimene 29. a-—copaene
13. o-terpinolene 30. P -—caryophyllene
14. linalool 31. o-humulene
15. perillene 32. (E)-methyl iso —
L - - i 16.  cis-verbenol eugenol
7 ] ; = % 1': A et - lil‘ 17. - campholene 33. (Z,Z)-farnesol
aldehyde 34. (E,Z)-farnesol
Figure 1. GC-MS chromatogram of mastic oil obtained with the method described previously.
The major constituents of the essential oiFoflentiscusvar. from those found in the oila-pinene (40%)3-pinene (1.5%),

chiawerea-pinene (63%)g-pinene (3.3%)p3-myrcene (25%), p-myrcene (9%), limonene (1.0%), apiecaryophyllene (5%).
limonene (1.5%), and-caryophyllene (1%), assuming that TIC  This difference is presumably due to the different ways the gum
(total ion current) as integrated over the peak in the GC—MS and the oil are produced.

chromatogram is proportional to their concentration in the  As was intended, the distillation process separated the more
sample. Other constituents therefore account for 6.2% of the volatile components from the less volatile ones. Fraction 1 has
total concentration. For the gum, the major ethanol-soluble a similar chromatogram to that of mastic oil up to where
constituents were the same, but the relative percentages differedverbenone (Figure 1) is eluted, although some peaks are more
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Figure 2 shows the Zones of Inhibition (Zol) of growth of
E. coli against gentamicin on medium without the detergent
around the paper disks impregnated with different concentrations
of the antibiotic.

The results of the antibacterial assays Eorcoli, S. aureus,

Zone of inhibition and B. subtilis are reported inTable 2, along with the

corresponding amount of antibiotic (gentamicin, vancomycin,

and tetracycline) that would give the same zone of inhibition

as the chemical. The calculation of the corresponding amount

of antibiotic is based on the respective equation of graph when
Figure 2. Zones of inhibition of E. coli against gentamicin on medium plotting the logarithm of the concentration of the antibiotic
without Tween 80. versus the mean zone of inhibition.

enhanced in the first fraction. The later eluting peaks of mastic ﬁé_\shs_eeﬂ inable 26 allotlhree bacteria are reS‘St?‘“m@i”i”e’
oil either do not appear in the chromatogram of the fraction or Which is the most abundant compound of mastic oil (65%), and

they are very small. Fraction 2 is very similar to fraction 1, but _this is in agreement V\_/it_h literature referen@). A v_ariation .
some peaks are enhanced (8-gnyrcene 3-caryophyllene) and in the ant|bacter|_al activity of the qt_her te_sted chemicals against
there is less of the major compounepinene. There is a clear the. three bacteria is not!ceE; col[ is resistant tg3-myrcene, .
enhancement of the later eluting peaks in fraction 3 (which was While S. aureushows an intermediate response to that chemical
the first washing of the undistilled fraction) compared to mastic @nd B- subtilisis sensitive to its presence. It should be noted

oil and fractions 1 and 2, which is consistent with the aims of that ﬁ-myrceneo is the compound with the second highest
distillation procedure. Fraction 4 is very similar to Fraction 3. Percentage (25%) in the composition of mastic piCymene,

Antibacterial Activity of Mastic Oil, Its Components, and f-caryophyllene, methyl isoeugenol, limonepegerpinene, and
lts Fractions. E. coli and S. aureuswere inoculated in agar trans-anethole show only moderate antibacterial activity, and

plates with and without Tween 80, and several interesting in some cases the bacteria are resistant to them. Furthermore,

observations were made: far coli, the growth of bacteriawas  E- coli andS. aureusare resistant tg-pinene, while it inhibits
quite similar on MH agar with and without the detergent, which ©nly slightly the growth ofB. subtilis. Verbenone (0.07%),
indicated that the latter did not play a significant role. On the o-terpineol (0.01%), and linalool (0.5%) are some of the trace
other hand, the addition of Tween 80 to the medium inhibited COMPonents of mastic oil, but they show higher antibacterial
significantly the growth ofS. aureugor reasons that were not activity Fhar) QII other components, which is comparable to that
clear. According to Carson et all4), the reduction in zone  ©f mastic oil itself.

size observed when the detergent is added to the MH agar may A number of the fractions collected by microdistillation were
be due to the Tween 80 allowing better distribution of also tested for antibacterial properties. Fractions 1 and 3 were
components through the agar, resulting in a lower overall chosen, since they were the ones that differed the most from a
concentration. Alternatively, the Tween 80 may have enhancedchemical point of view, and they were tested using the same
the growth of the test organisms, as it is a source of oleic acid, procedure against the three bacteria. As observekhbie 3,

or it could act as an antagonist to the oil components. Therefore,fraction 3, which shows an enhancement of the later eluting
it was decided that plates containing the detergent would be peaks, has a stronger antibacterial activity than fraction 1, which,
used mainly in the disk diffusion tests wikh coli. As already on the other hand, shows an enhancement of the earlier eluting
mentioned, for that bacterium, there was essentially no differencepeaks. It is, however, interesting that neither of them have the
between the detergent and nondetergent plates, suggesting thatctivity that mastic oil shows, although the antibacterial activity
the solubility of the analytes was not the key issue in the of fraction 3 is closer to that of the essential oil compared to
different effectiveness of the analytes. the activity of fraction 1. This implies that the compounds that

Table 2. Comparison of Zones of Inhibition of the Three Bacteria against Each Compound and a Corresponding Amount of Antibiotic

E. coli S. aure us B. subtilis
corresponding corresponding corresponding corresponding corresponding corresponding
Zol gentamicin tetracyclin Zol gentamicin vancomycin Zol gentamicin vancomycin

compounds (mm) (ug/mL) («g/mL) (mm) («g/mL) («g/mL) (mm) («g/mL) («g/mL)
a-pinene 0 - - 35 - - 0 - -
[-myrcene 0 - - 10 22 84 195 97 ~43002
p-cymene 0 - - 35 - - 9 6 34
p-caryophyllene 7 7 6 10.5 27 125 135 19 270
verbenone 12 40 42 215 ~20007 ~8200002 17 49 ~13602
o-terpineol 17 218 292 13 72 9201 15.5 33 680
methylisoeugenol 8 10 9 7 7 8 10.25 8 60
limonene 7 7 6 0 - - 9.5 7 42
[-pinene 0 - - 0 - - 6.75 - 12
linalool 125 47 51 145 130 ~30502 26 556 ~87000?
y-terpinene 7 7 6 8 10 17 12 13 135
trans-anethole 7 7 6 8 10 17 10 8 54
mastic oil 12 40 42 185 619 ~1750002 17 49 ~13602
mastic gum in 0 - - 0 - - 0 - -

EtOH
ethanol 0 - - 0 - - 0 - -

2The number is too high and it is off scale of the graph for the antibiotic calibration graph, therefore, is not reliable.
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(6) Doukas, C. Cosmetics that contain mastic gum and mastic oil.
Chem. Chron2003,12, 36-39.

(7) Magiatis, P.; Melliou, E.; Skaltsounis, A. L.; Chinou, |. B.;
Mitaku, S. Chemical composition and Antimicrobial activity of
the essential oils oPistacia lentiscusvar. chia. Planta Med.

Table 3. Zones of Inhibition of the Three Bacteria against the
Fractions of Mastic Oil and against the Essential Oil

Zol (mm) of bacteria

fractions of mastic oil E. coli S. aureus B. subtilis
ol o 185 7 1999,65, 749—752.
?:;}lc(;:noi 0 7 7 (8) Papageorgiou, V.; Mellidis, A.; Argyriadou, N. The chemical
fraction 3 65 10 1 composition of the essential oil of mastic gudn Ess. Oil Res.

1991,3, 107—110.
(9) Markham, J. Antimicrobial effectiveness of tea tree oail. (http://
www.ascc.com.au/private/journal/199908/21.shtml).

contribute the most in the antibacterial activity of mastic oil
are the ones that appear in the middle of its chromatogram (e.g. (10) Pybus, D. H.; Sell, C. S. The Chemistry of Fragran®8C
verbenone, linaloolp-terpineol) and are clearly enhanced in Papert’)acksl9’99. '

fraction 3. This conclusion is in agreement with the observations (11) Finegold, S. M.; Martin, W. Diagnostic Microbiology, 6th ed.:

made fromTable 2andFigure 1. However, we cannot overlook

C. V. Mosby Co.: St. Louis, MO, 1982.

the fact that many of the components of mastic oil contribute (12) Cruickshank, RMedical Microbiology: A Guide to the Labora-

to its antibacterial activity.

Reasons for the effectiveness of mastic oil against the

bacteriumH. pylori are of particular interest, given the difficul-
ties encountered in treating such infections. FAspylori and

tory Diagnosis and Control of Infectiorl1lth ed.; E. & S.
Livingstone Ltd.: London.

(13) Stokes, E. J.; Ridgway, G. L.; Wren, M. W. [Zlinical

Microbiology, 7th ed.; Edward Arnold: London, 1993.

E. coli are both Gram-negative rods, the observations made for (14) Carson, C. F.; Riley, T. V. Antimicrobial activity of the major

mastic oil andE. coli may be relevant foH. pylori.
In conclusion, the antibacterial activity of mastic oil can be

components of the essential oilMdklaleuca alternifoliaJ. Appl.
Bacteriol. 1995, 78 (3), 264—9.

(15) Hammond, S. M.; Lambert, P. Antibiotics and Antimicrobial
Action, 1st ed., Edward Arnold: London, 1978.

(16) BSAC Disc Diffusion Method for Antimicrobial Susceptibility
Testing, Version 2, July 2001.

(17) Adams, R. Pldentification of Essential oil components by
Gas Chromatography/Mass Spectroscopjlured Publishing
Corp.: Carol Stream, IL, 1995.

(18) Determination of minimum inhibitory concentrations (MICs) of
antibacterial agents by agar dilution, European Committee for
Antimicrobial Susceptibility Testing (EUCAST) of the European
Society of Clinical Microbiology and Infectious Diseases (ES-
CMID), June 2000.

(19) Marone, P.; Bono, L.; Leone, E.; Bona, S.; Carretto, E.; Perversi,
L. Bactericidal activity ofPistacia lentiscusnastic gum against
Helicobacter pylori.J. Chemother2001,13 (6), 611—14.

(20) Daferera, D.; Pappas, C.; Tarantilis, P. A.; Polissiou, M.
Quantitative analysis af-pinene angs-myrcene in mastic gum
oil using FT—Raman spectroscopiyood Chemistry2002,77
(4), 511—15.

(21) Jeon, H.-J.; Lee, K.-S.; Ahn, Y.-J. Growth-Inhibiting Effects of
Constituents ofPinus densiflora Leaves on Human Intestinal
Bacteria.Food Sci. Biotechnol2001,10 (4), 403—407.

attributed to the combination of several components rather than
to one particular compound. It is also interesting to note that

different bacteria are susceptible or not to different compounds
of the essential oil. So it can be assumed that the antibacterial
activity of mastic oil against the bacteria tested is due to its

cocktail of components, including some of the trace elements,
not all of which have been identified in this study.
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