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Abstract: The essential oil of common juniper (Juniperus communis L., from the south-
ern part of Serbia) and its fractions of different composition, as well as commercial anti-
biotics were used for testing their antimicrobial activity against bacteria, yeast and
fungi. The essential oil was produced by hydro-distillation in a pilot plant (130 dm?3) and
then fractionated by distillation over a column, with 36 theoretical stages, under vacuum
(26—66 mbar). The essential oil was also fractionated using pure CO, or CO, and metha-
nol as co-solvent under supercritical conditions. The native oil showed weak anti-
microbial activity, while the fractions with a high content of a-pinene, and mixture of
a-pinene and sabinene showed the highest antimicrobial activity, especially against
fungi. In comparison to the commercial antibiotics, the oil fractions showed more exten-
sive spectra of antimicrobial activity, as well as wider inhibition zones.

Keywords: Juniperus communis L., essential oil, distillation, supercritical fraction-
ation, antimicrobial activity, antibiotics.

INTRODUCTION

Many plants, their essential oils and extracts have potential in medical proce-
dures and applications in the pharmaceutical, cosmetic and food industry.! Numer-
ous researchers showed interest for biologically active components isolated from
plants and for their influence on the elimination of pathogenic microorganisms.
The resistance which certain microorganisms have developed against antibiotics
initiated antimicrobial investigations and different applications of essentials oils or
plants against a wide range of bacteria (Gram-negative and Gram-positive) includ-
ing antibiotic resistant species,?4 fungal species> and yeast.©

To date, juniper essential oil has only been used in traditional medicine. The
content of juniper essential oil differs depending on its origin. The amount of some
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components may significantly vary,” as is shown in Table I. In the studies of the es-
sential oil of juniper fruit, it was established that the pharmacological features are
derived from its constituents. Therefore, its diuretic properties were ascribed to ter-
pinen-4-ol and pinene was found to act as a rubefaciens.® All terpene hydrocarbons
are antiseptic, anti-inflammatory and antibacterial. They are also pain-killers, sed-
atives, stimulators and media for the excommunication of excrete mucus.?-10 In
addition, terpenes retard the retention of toxins in human organisms, they increase
the abstraction of aggregated toxic material from the veins and liver, and act as
antispasmodic agents (media for mitigating convulsions).® Certainly a-pinene is
an acute antiseptic, while cadinene, caryophyllene, terpinene and sabinene have
pronounced anti-inflammatory and antibacterial properties.® Myrcene acts as a
sedative, an anti-inflammatory agent and as a pain-killer for peripheral organs.8
Furthermore, myrcene stimulates the recovery of liver and it is known as a strong
anti-inflammatory substance.8:9 Limonene is known for its strong antiviral proper-
ties. Furthermore, limonene helps detoxify the liver and abstracts carcinogenic
substances and can retard tumor development.$

Reports regarding the essential oil from juniper berry can be found in the liter-
ature. It was found that the oil derived from Juniperus communis did not induce
skin irritation and it was not phototoxic when applied to the backs of hairless mice
and swine.!! In albino rats dosed orally, J. communis extract induced antifertility
and abortifacient effects, but had no teratogenic effect.!! Clinical tests showed no
evidence of skin irritation or sensitization on patients with allergic reactions.!! The
acute oral and dermal LDs for J. communis oil in rats was >5 g/kg. J. communis L.
oil exhibited 92 % inhibition of elastase (the enzyme which degenerates dermal
elastin) activity, and the IC5 values were 101.9 pg/ml, but [imonene and a-pinene
were found not to be the inhibitory components.!? Pinene-type monoterpenes,
camphor and borneol could be responsible for the total activity spectrum.!:13 In-
vestigation of the inhibitory action of J. communis essential oil against viruses has
not been done yet but the extract of Juniperus oxycedrus berries (a-pinene 10.5 %,
B-myrcene 8.1 %, geranial 5.1 %, a-caryophyllene 4.0 %, germacrene D 13.8 %,
d-cadinene 7.5 %, trans-calamenene 5.2 %) was active against Polio virus and
Coxsackie viruses serotype B2.14

The mechanism of antimicrobial action of terpenes is not fully understood but
it is speculated to involve membrane disruption by the lipophilic compounds.!5 All
the bacterial strains demonstrated some degree of sensitivity of the plant volatile
oils, although the growth of a number of bacteria was uninhibited by specific vola-
tile oils.16 There are many views which state that every plant volatile oil shows
antimicrobial activity on some type of microorganisms, Gram-positive bacteria,
Gram-negative bacteria, fungi or yeast.!7 The activity of the oils would be ex-
pected to relate to the respective composition of the plant volatile oils, the struc-
tural configuration of the constituent components of the volatile oils and their
functional groups and possible synergistic interactions between the components. !0
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The aims of the present investigation were to assess the antimicrobial activi-
ties of some fractions from juniper essential oil and to compare them with the effect
of commercial antibiotics on bacterial growth. Furthermore, the obtained data
might be used to deduce the constituents of juniper essential oil which possess sig-
nificant antimicrobial activity.

EXPERIMENTAL
Plant materials

Purplish-blue juniper berries were collected at the end of September 2002 from Leposavic, the
south side of Kopaonik, Zubin Potok and the Mokra Gora Mountian and voucher specimens (16036
BEOU; Snezana Vukoj¢i¢) were deposited at the Herbarium of the Institute of Botany and Botanical
Garden Jevremovac, Faculty of Biology, University of Belgrade. Needles, branches and woody
parts of juniper tree as well as parts of other plants were removed manually. The berries were
air-dried at room temperature. They were stored in double-layered paper bags at ambient tempera-
ture, protected from light and well air-conditioned in order to prevent fermentation.

Hydrodistillation was conducted by a standard procedure (Clevenger apparatus) with juniper
berries which had previously been chopped in a domestic blender, and a pilot plant (130 m3). The
fractionation experiments were carried out continuously from July to the first half of November
2003. The yield of the obtained essential oil was about 1.15 wt %.

Fractionation

Batch distillation was performed in a pilot plant. A column of 2 m height was charged with
Normag packing. It was determined experimentally that the column had 36 theoretical stages. Frac-
tionation of the essential oil was conducted at absolute pressures of 26 and 66 mbar with a reflux ra-
tio of 2—-5. Fractions of 10 cm? were collected during the fractional distillation. The fractionation of
essential oil with supercritical carbon dioxide was performed in an Autoclave Engineers SCE
Screening System!8 in two experiments under different conditional (175 bar and 40 °C using super-
critical carbon dioxide with 5 wt % of methanol as co-solvent and at 90 bar and 75 °C with pure car-
bon dioxide).

GC-FID Analysis

Samples dissolved in n-hexane were subjected to gas chromatographic analyses on a Varian
3400 gas chromatograph equipped with an FID. A fused silica DB-5 capillary column, 25 m x 0.32
mm internal diameter, and 0.25 um film thickness, was used. The purged splitless mode of sampling
was implemented. The column temperature was maintained at 50 °C for 2 min and then programmed
to increase as follows: at 2 °C/min to 250 °C, and holding at 250 °C for 5 min. The flow rate of the
carrier gas (nitrogen) through the column was 2 mL min! and inlet pressure was 10 psig. The injec-
tor temperature was 250 °C and detector temperature 300 °C. The quantitative presence of a com-
pound in the samples was determined using the method of peak-area normalization, without the ap-
plication of response factor corrections. Injections were repeated in triplicate.

GC-MS Analysis

Samples prepared using the same procedure as for the GC analysis were subjected to GC-MS
analysis on a Varian 3400 split/splitless (1:20) gas chromatograph with a mass spectrometry detec-
tor Finningan lon Trap ITD-705, ionization voltage of 70 eV. A fused silica Supelco column PTE-5,
30 m x 0.25 mm internal diameter and 0.25 pum film thickness, was used. The column temperature
was maintained at 60 °C for 1 min and then programmed to increase as follows: at 4.3 °C/min to 286
°C and holding at 286 °C for 5 min. The linear flow velocity of the carrier gas (hydrogen) through
the column was 1 mL min!. The temperatures of the injector and detector were 250 °C and 300 °C,
respectively. The sample (1 pL) was injected in the split mode (1:60). The identification of the com-
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pounds was based on the comparison of their retention time and GC elution sequence with literature
data for juniper berry essential 0il!*-16 and also by matching the mass spectra of every GC peak with
those of the AMDIS Ver.2.1. Program.

Determination of antimicrobial activity

Bacterial strains and culture conditions. The following microorganisms were used as indica-
tors: bacteria Bacillus cereus (isolate from the Institute of Virology and Immunology — Torlak, Bel-
grade, Serbia); Escherichia coli ATCC 8739; Listeria monocytogenes IM200 (isolate from the Insti-
tute for Meat Hygiene and Technology, Belgrade), Corynebacterium sp. 754, Pseudomonas aeru-
ginosa DV5999, Staphylococcus aureus ATCC 6538; yeast — Candida albicans T (isolate from the
Institute of Virology and Immunology — Torlak, Belgrade, Serbia); and fungi-Alternaria sp.,
Aspergillus nidulans, and Aspergillus niger (isolates from the Laboratory of Biochemical Engineer-
ing and Biotechnology, Faculty of Technology and Metallurgy, University of Belgrade, Belgrade,
Serbia). Each assay was repeated twice.

Agar well-diffusion method. The antimicrobial test was performed according to the method of
Wan, Wilcock, and Coventry!® with some modification. Briefly, 200 pL of fresh overnight cultures
of the indicator strains of bacteria (~ 108 CFU/mL), yeast (~107 CFU/mL), and fungi (~10%
spore/mL) were added in 6 mL of soft Nutrient agar (NA — Institute of Immunology and Virology,
Torlak, Belgrade, Serbia) and soft Sabouraud maltose agar (SMA — Torlak, Belgrade, Serbia) me-
dium for yeast and fungi. The soft agar was vigorously mixed and poured over Petri plates with pre-
viously dried correspondent agar medium on the surface of which the sterile tubes (7 mm diameter)
were placed. After solidification of the soft agar, the tubes were removed and the obtained wells
were filled with 10 pl of the oil samples. The incubation was carried out at 37 °C for the bacteria and
30 °C for the yeast and fungi. After 24-48 h of incubation, the antimicrobial activity was evaluated
by measuring the width of the zone of inhibition (clear) or suppression (diffuse) of growth against
the indicator organisms in comparison to a control of reference standards. To establish the nature of
the inhibitory activity of the oils, samples were taken from the clear zones with a loop and sur-
face-plated onto appropriate agar and incubated under optimal conditions for up to 48 h.

Antibiogram test. Test was performed according to the manufacturer instructions, with the ap-
plication of the above appropriate agar medium. The following mass of antibiotics in the form of
standard antibiogram tables (disc) were used in order to provide a control for the sensitivity of the
indicator organisms in the experiments: gentamycin (30 pg/disc), clindamycin (10 pg/disc), strepto-
mycin (30 [J/disc), tetracycline (30 1J/disc), erythromycin (15 pg/disc), vancomycin (30 pg/disc),
ampicillin (10 pg/disc), penicillin G (6 pg/disc). All tests were performed in triplicate.

RESULTS AND DISCUSSION

The composition of the essential oil (Table I) and identification of the main
components present in the essential oil were determined by GC analysis, by com-
paring the retention times of unkown components with the retention times of stan-
dards20-22 as well as by GC-MS analysis.

TABLE I. The range of the composition of different juniper essential oils” and the content (wt %) of the
components of juniper oil in the samples from Zubin Potok, EO1, and from Leposavi¢, EO2

Rt/min Components Content in oil7/wt %2 EO1/wt %? EO2/wt %?
11.5 o-Pinene 3.7-86.2 36.6+0.6 40.5+0.7
13.8 Sabinene 0.1-34.0 16.24+0.2 18.0+0.2
14.8 Myrcene 1.4-53.1 10.94+0.2 13.540.3

16.5 p-Cymene 2.4 2.2+0.1 2.3+0.1
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TABLE 1. Continued

Rt/min Components Content in oil”/wt %2 EO1/wt %*? EO2/wt %?
17.1 D-Limonene 2.0-3.8 3.940.1 5.1+0.1
18.8 y-Terpinene 1.9-3.7 1.4+0.0 2.240.0
20.7 Terpinolene 0.9 1.2+0.1 1.2+0.1
26.4 1-Terpinen-4-ol * 2.4+0.1 2.5+0.1
41.7 a-Cubebene * 1.1+0.1 1.0+0.1
43.2 a-Copaene * 1.1+0.1 1.4+0.1
442 B-Elemene o 0.9+0.1 1.0+0.1
453 -Caryophyllene * 5.3%0.1 0.6+0.0
46.6 o-Humulene * 1.240.2 0.6+0.1
49.2 Germacrene-D * 1.1+0.1 0.1+0.0
51.1 Bicyclogermacrene * 3.2+0.1 1.3+0.0
55.8 y-Cadinene * 0.6x0.1 0.6+0.1
56.5 8-Cadinene * 0.6+0.1 0.6+0.1

Total® 89.90 91.4

The data were calculated from the GC chromatogram peak areas. ®The differences are unidentified
peaks from the GC chromatogram. * Varies according to location

The fractional separation of juniper essential oil was performed in a vacuum
distillation column with 36 stages. Several fractions of distillate were collected and
their compositions were analyzed. Only a-pinene and partially sabinene were sep-
arated if the fractional vacuum distillation was performed under severe heating
conditions (fast heating rates and small reflux ratio, 66 mbar absolute pressure),
while the other components of the essential oil mostly decomposed. Under 26 mbar
absolute pressure, a smaller heating rate and a large reflux ratio, one of the frac-
tions contained 99 wt % o-pinene and several others mainly sabinene, myrcene
and limonene. Such a distribution of the main constituents of juniper essential oil
in the fractions was expected, due to the similar boiling temperatures of these
chemical compounds (c-pinene 155-156 °C sabinene 163—164 °, myrcene 167-171
°C, limonene 175-177 °C).

The fractionation of juniper essential oil with supercritical carbon dioxide and
methanol as co-solvent (5 wt %) at 40 °C and 175 bar, did not give larger differ-
ences in composition compared to the starting essential oil, because the extraction
power of carbon dioxide under those conditions was equally good for all the chem-
ical compounds present in the essential oil. Only terpinene-4-ol was slightly con-
centrated because of the presence of methanol as a co-solvent. The results of frac-
tional separation with supercritical carbon dioxide at 75 °C and 90 bar showed that
the supercritical fluid at smaller pressure and higher temperature was more selec-
tive to a.-pinene, sabinene, myrcene and limonene.
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Several fractions obtained by vacuum distillation of the essential oil (F) and
two fractions obtained from experiment during treatment of essential oil with
supercritical carbon dioxide and mixture of carbon dioxide and methanol (SCF)
were used for testing their potential antimicrobial activity. The compositions of the
selected fractions are shown in Table II.

TABLE II. Composition of the fractions used to determine the antimicrobial activity obtained from
juniper essential oil (EO1-Table I) (with an average deviation of £0.15 wt %)

Components Content wt %
Fl1 F2 F3 F4 F5 F6 SCF12  SCF2b

o-Pinene 99.5 63.1 21.9 0.7 - - 33.9 43.4
Sabinene - 35.7 74.9 45.0 12.0 25.4 17.8 20.4
Myrcene - - 2.4 26.8 24.0 39.9 12.1 14.5
p-Cymene - - - 25.8 52.4 33.1 2.3 3.1
D-Limonene - - - - - - 3.6 5.5
y-Terpinene - - - - - - 1.7 0.9
Terpinolene - - - - - - 1.2 1.0
1-Terpinen-4-ol - - - - - - 8.6 1.9
a-Cubebene - - - - - - 0.8 0.7
a-Copaene - - - - - - 0.7 0.6
B-Elemene - - - - - - 0.8 0.7
B-Caryophyllene - - - - - - 3.2 2.2
o-Humulene - - - - - - 0.3 0.4
Germacrene-D - - - - - - 0.7 0.4
Bicyclogermacrene — — — — — — 1.6 1.2

Araffinate from experiment performed at 40 °C and 175 bar by supercritical CO, and 5 wt % of meth-
anol as a co-solvent; Pextract obtained at 75 °C and 90 bar by supercritical carbon dioxide

All the tested samples (Table II) demonstrated some antimicrobial activity,
which is shown in Table III. Fractions, F1, F2, F3 and F4 showed distinct anti-
microbial activity with a wide spectrum and wide inhibition zones. Fractions F5,
F6 and SCF1 were least effective, with a narrow spectrum (affecting only few mi-
croorganisms used in the present study as indicators for antimicrobial activity) and
with small inhibition zones. Juniper essential oil showed low antimicrobial activity
with respect to almost all the investigated species. B. cereus was susceptible to all
the tested samples, while E. coli and S. aureus were resistant only to fraction F6.
Corynebacterium sp. and P. aeruginosa DV5999 were the least susceptible to all
the oil samples and were completely resistant to juniper essential oil.

Samples F1, F2, F3, F4 and SCF2, as well as juniper essential oil (EO1), sho-
wed strong inhibitory effects to yeast and fungi. Fractions F5, F6, SCF1 did not af-
fect these enkaryotic indicators. Comparison between fraction F6 (sabinene 25.4 %,
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myrcene 39.9 % and p-cymene 33.1) and fraction F5 (sabinene 12.0 %, myrcene
24.0 % and p-cymene 52.4) indicated that antimicrobial activity of fraction F5 de-
rives from the influence of p-cymene, which is in agreement with published data.23
The low content of a-pinene in fraction F6 was the reason for its lower antimi-
crobial activity, while fraction SCF1 had almost the same composition as the start-
ing essential oil and hence, knowing the small activity of the essential 0il24-29 the
same activity of this fraction might be expected, which was the case. 4. niger was
also resistant to the SCF2 fraction, despite the high concentration of a-pinene in
this fraction. From the data of the diameter of the inhibition zone in the case of
fungi, it can be concluded that sabinene had a significant influence on its growth,
which is in accordance with published data.30

Investigations of the effects of terpenoids upon isolated bacterial membranes
suggest that their activity is a function of the lipophilic properties of the constituent
terpenes, the potency of their functional groups and their aqueous solubility. 16, 31
Their site of action appeared to be at the phospholipid bilayer, caused by a bio-
chemical mechanism catalyzed by the phospholipid bilayers of the cell. These pro-
cesses include the inhibition of electron transport, protein translocation, pho-
sphorylation steps and other enzyme-dependent reactions. Although a similar ten-
dency of water solubility was observed, specific statements on the action of single
terpenoids in vivo have to be assessed individually, taking into account not only the
structure of the terpenoid, but also the chemical composition of the cell wall.2” The
plant extracts clearly demonstrate antibacterial properties, although the mechanis-
tic processes are poorly understood.

Fractions F1 and F2, as the fractions with the largest inhibition zones in this
study, were compared with several antibiotics (Table III). It can be seen that the
two fractions showed the widest spectrum of inhibiton. Moreover, they inhibited
all bacterial strains at a lower concentration than the investigated antibiotics. In
case of Corynebacterium sp. 754, almost all the investigated antibiotics showed no
inhibiting effects, but both fractions of essential juniper oil had strong inhibition
effects at lower concentrations than ampicillin. The fractions F1 and F2 (a-pinene
and sabinene) could be used as good conservation agents, but additional investiga-
tions need to be performed in order to confirm the safety of these concentrations
(MIC) for human consumption. It seems that c.-pinene and a mixture of a-pinene
and sabinene could be used as an additional therapy, together with the antibiotics in
order to increase their efficiency.

CONCLUSION

The fractions of Juniperus communis L. essential oil were obtained by frac-
tional distillation under vacuum, as well as by the fractionation using supercritical
carbon dioxide and methanol as co-solvent. The obtained fractions were tested for
their antimicrobial activity against certain bacteria, yeast and fungi. It was establi-



ESSENTIAL OIL OF JUNIPER 319

shed that the fractions containing the high concentrations of a-pinene and sabinene
effectively inhibited the growth of microorganisms. The most active fractions of J.
communis L. essential oil were compared with antibiotics commonly used therapeu-
tically. The fractions containing pure o-pinene and a mixture of a-pinene and
sabinene successfully inhibited all bacterial strains especially the growth of fungi
and yeast and they showed a wider spectrum of inhibition that the investigated com-
mercial antibiotics.

N3BOJ

AHTUMHNKPOBHA AKTUBHOCT ETAPCKOT YJbA U PA3JIIMYNTUX
OPAKIUMIA Juniperus communis L. U ITIOPEBEWBE CA HEKUM
KOMEPIIMJATHUM AHTUBUOTULIIMA

CAHJIPA b. FJII/IHH/I’F;I, CBETOMMP XK. MHHOJEBI/ITIZ, CY3AHA U. I{I/IMI/ITPI/IJEBI/I'Bl,
AJIEKCAHJJAP M. OPIIOBUR ! u IOEJAH Y. CKAJIA

1 Texnoaoutko-mettiarypuiku paxyaitieit, beozpao u Z(Dtmy/m_wm wiexnuukux nayka, Kocoscxa Muitiposuya

ETrapcko yibe miona kieke (Juniperus communis L. u3 jysxHor gena Cpouje) rodujeHo je
XHUPOJECTUIAIM]OM Y MANOT MocTpojersy (130 dm?) a 3aThm hpakuMOHKHCAHO Y leCTUIAIN-
OHOj KOJIOHH, ca 36 TEOPETCKUX MOA0BA, O] BaKyyMoM (26—66 mbar). ETapcko yibe je Takobhe
¢pakumonmncano kopuirhemweM ynctor CO, u cmenie CO, 1 MeTaHOIa Ka0 KOCOJIBEHTA MO
HATKPUTHYHUM yclIoBUMA. JleBeT pa3inuuTHX y30paka (eTapcko y/be U HeroBe pakimje
Pa3UYMATUX cacTaBa) Kao0 M KOMEPIHMjaTHU aHTHOMOTUIM KOPUIThEHU Cy y TeCTUPAbY
aHTUMUKPOOHE aKTHBHOCTHY M MHXNOUTOPHOT yTHIIaja HA pPa3Boj HEKNX OaKTepHja, KBacaua n
ribuBHLA. ETapcko ybe Kieke je nokasajno ciaady aHTUMUKPOOHY aKTUBHOCT Ha CBUM CO-
jeBuMa a pakiyje ca YUCTUM O-MIMHEHOM U CMEILIOM O-MMHEHa W ca0MHEHa HapO4YuTO Ha
pact ribuBHna. Y nopebemy ca KOMepUujallHUM aHTUOMOTHIMMA (ppaKiuje eTapcKor yiba
KJIeKe MTOKa3yjy UIMPOK CHeKTap AeloBama Kao 1 Behe 30He nHXuOHUIuje.

(Opumimeno 30. genem6pa 2005, peBuaupano 9. okrobpa 2006)
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