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ABSTRACT
Essential oils were among the first topical and gastrointestinal antimicrobial agents used by humans. In the
present study, the hydro-distilled essential oil of the bark of Juniperus recurva from Kashmir Himalayas, India
was analyzed by a combination of capillary GC-FID and GC-MS analytical techniques. The study led to the
identification and quantification of 28 chemical constituents belonging to different classes of terpenoids and
accounting for 88.8% of the total oil composition. The oil composition was dominated by the presence of
monoterpene hydrocarbons like α-pinene (20.7%), p-cymene (15.0%) and γ-terpinene (14.4%). In addition, the
oil also contained 5.2% of oxygenated monoterpenes, 3.3% of oxygenated sesquiterpenes, and traces of
sesquiterpene hydrocarbons. The oil exhibited strong antibacterial activity against Staphylococcus aureus ATCC
29213, methicillin-resistant Staphylococcus aureus (MRSA) ATCC-33591, vancomycin resistant Enterococcus
faecalis (VRE), Enterococcus faecium ATCC-29212, Enterococcus faecium ATCC-8042, Staphylococcus
epidermidis ATCC-12228, with MIC values ranging from 125-250 µg/ml. It also inhibited the growth of fungal
strains Candida albicans ATCC-90028, Candida albicans V-0-191 and Aspergillus niger ATCC-16404 with
MIC ranging from 500-1000 μg/ml. The results of this study exhibited that the essential oil from Juniperus
recurva has promising antimicrobial activity.
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INTRODUCTION
Essential oils are odoriferous, natural complex
mixtures comprising mainly of terpenes and to a
lesser extent non-terpene components. Essential
oils were among the first topical and
gastrointestinal antimicrobial agents used by
mankind. Strong in vitro evidence suggests that
essential oils and their components can act as
antibacterial agents against a wide spectrum of
bacterial strains including S. aureus, S.
typhimurium, E. coli and S. dysenteria (1, 2).
Staphylococcus aureus is a very common
bacterium responsible for various nosocomial
infections. Some clinical strains of S. aureus are
now resistant to nearly all clinically used
antimicrobial agents. Methicillin resistant S. aureus
(MRSA) is a very common strain in many parts of
the world and it is exponentially increasing.
Vancomycin is considered to be the last line of
treatment against several infections caused by
MRSA, but now resistance has been reported

against it also (3-5). Novel sources of antimicrobial
agents need to be discovered because of the
existence and continuous evolution of resistant
microbial strains, the widespread emergence of
new infectious diseases and the toxicity concerns of
some of the currently used antimicrobial drugs. The
focus has now shifted to compounds with multiple
target sites to limit the risk of developing
resistance. These compounds include essential oils
and their components which target the cell
membrane and distort the lipid bilayer of bacteria
occupying a space between the chains of fatty
acids. The membrane disruption leads to expansion
and permeabilization. These cascades of events are
followed by loss of ions, loss of membrane
potential, collapse of the ATP pool and finally
death (6, 7). There are several clinical studies and
case reports highlighting the successful use of
essential oils in treating MRSA infections. Tea tree
oil from Melaleuca alternifolia
has been
successfully used for minimizing MRSA nasal
infections. Essential oils have also been
traditionally used for the treatment of respiratory
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programmed from 60 to 280oC at 3oC/minute, with
injector temperature 230oC and detector
temperature 250oC. Injection volume 1μl, nitrogen
was used as a carrier gas (1.0 ml/minute).

tract infections due to their secretolytic and
secretomotoric properties and as such are either
inhaled by steam, applied by inunction to the chest,
or administered orally (8). With this view in
consideration, our research group is working on the
exploration of high value medicinal and aromatic
plants of Kashmir Himalayas, India for various
biological activities (9-11).

GC-MS analysis was carried on a Varian Gas
Chromatograph series 3800 fitted with a VF-5 ms
fused silica capillary column (60m x 0.25mm, film
thickness 0.25μm) coupled with a 4000 series mass
detector under the following conditions: injection
volume 0.5 μl with split ratio 1:60, helium as
carrier gas at 1.0 ml/min constant flow mode,
injector temperature 230oC at 30oC, oven
temperature was programmed from 60 to 280 oC at
3oC /minute. Mass spectra: electron impact (EI+)
mode, 70ev and ion source temperature 250 oC.
Mass spectra were recorded over 50-500 a.m.u
range.

The coniferous genus Juniperus has the largest
number of species, approximately 67 species and
28 varieties, within the Cupressaceae family. It
comprises of evergreen trees or shrubs distributed
over the northern Hemisphere extending from the
Arctic regions to Mexico and the West Indies, the
Azores and the Canary Islands, North Africa,
Ethiopia, Sudan and the mountains of tropical East
Africa, as well as the Himalaya, China and Taiwan.
Juniperus recurva var. squamata (Don) commonly
known as “Drooping juniper” is the species that
grows in Kashmir Himalayas, India. It occurs from
Pakistan to South West China and is particularly
common in Nepal (12).

Identification of components: Identification of the
essential oil constituents was done on the basis of
Retention Index (RI, determined with respect to
homologous series of n-alkanes (C5-C28,
Polyscience Corp., Niles IL) under the same
experimental conditions), co-injection with
standards (Sigma Aldrich and standard isolates),
MS Library search (NIST 05 and Wiley), by
comparing with the MS literature data (13,14). The
relative percentages of the individual components
were calculated based on GC peak area (FID
response) without using correction factors.

The aim of the present study was to analyze the
aroma constituents of the essential oil from the
bark of J. recurva and its antimicrobial activities
against some clinically significant bacterial and
fungal strains. To the best of our knowledge there
are no previous reports on the GC-MS analysis and
antimicrobial activities of the bark essential oil of
J. recurva growing in Kashmir Himalayas, India.

Antimicrobial activity: The bacterial and fungal
strains used in this study were: Gram positive
bacteria Stapylococcus aureus ATCC 29213,
Methicillin-resistant S. aureus (MRSA) ATCC
33591, vancomycin resistant Enterococcus faecalis
(VRE), Enterococcus faecium ATCC 29212, E.
faecium ATCC 8042, Gram negative Escherichia
coli ATCC 8739, Pseudomonas aeruginosa ATCC
9027.

MATERIALS AND METHODS
Plant materials and essential oil isolation: The
bark of Juniperus recurva was collected from high
altitude areas of Apharwat - Gulmarg region of
Kashmir Himalayas. After proper identification, a
Voucher specimen No. KASH-2017 was deposited
at the Herbarium of Center for Biodiversity and
Taxonomy, University of Kashmir. The bark was
air dried at room temperature and stored in double
layered paper bags at ambient temperature,
protected from light and well air conditioned in
order to prevent fermentation. Hydro distillation
was conducted by a standard procedure (Clevenger
apparatus) with Juniper bark which had previously
been chopped in a domestic blender. The yield of
the obtained essential oil was kept in a vial at a
temperature of 4oC for further analysis.

Fungal strains included Candida albicans ATCC
90028, C. albicans V-0-191 and Aspergillus niger
ATCC 16404. All ATCC strains were procured
from the American Type Culture Collection
(ATCC, Manassas, VA, USA). The bacterial
strains were maintained on tryptic soy agar (TSA;
Difco Laboratories, Detroit, Mich USA) and fungal
stains on Sabouraud’s Dextrose agar (SDA) and
stored at -70oC containing 50% glycerol (v/v;
Himedia,
Mumbai
India).
Antibiotics,
Ciprofloxacin and Amphotericin- B obtained from
Sigma Aldrich, were used as standard antibacterial
and antifungal agent respectively for this study.
Stock solution was prepared at a concentration of
1mg/ml. The following media were used: Mueller
Hinton Agar and Mueller Hinton Broth (BectonDickinson, Cockeysville, MD, USA; DIFCO

GC-FID and GC-MS analysis: GC/FID was
carried out on Perkin Elmer auto system XL Gas
Chromatograph 8500 series equipped with flame
ionization detector (FID) and head space analyzer
using a fused silica capillary RTX-5 column (30m
x 0.32 mm, film thickness 0.25μm) coated with
dimethyl polysiloxane. Oven temperature was
382
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laboratories) for bacterial strains and Sabouraud’s
Dextrose broth for fungal strains.

constituted 5.2%, 0.1% and 3.3 % respectively of
the total oil composition. The principal components
found were α-pinene (20.7%), p-cymene (15%), γterpinene (14.4%) and α-terpinolene (6.9%).
Literature survey revealed that the essential oil
composition of the leaves of J. recurva has been
reported by several authors but reports on the bark
essential oil of J. recurva are not reported so far.
Adams et al., (1998) reported α-pinene, Sabinene,
δ-3-carene, limonene, terpinen-4-ol, γ-cadinene, δcadinene, elemol, cubenol, epi-α-cadinol, epi-αmuurolol etc to be the major components of the J.
recurva leaf essential oil (15). In another study,
Weyerstahl et al., (1988) reported the essential oil
composition of the leaves and twigs of J. recurva
var. squamata using GLC, MS, and NMR
spectroscopic techniques. The main components
were reported to be monoterpene hydrocarbons and
sesquiterpene hydrocarbons (16). On comparing
the essential oil composition of J. recurva of the
present study with other species of Juniperus, it is
obvious that α-pinene which is a major component
of the current study, has also been reported to be
the predominant component present in various
other species like Juniperus communis, Juniperus
phoenicea,
Juniperus
thurifera,
Juniperus
oxycedrus and Juniperus cedrus Webb & Berth.
(17-19).

Determination of minimum inhibitory and
minimum
bactericidal
/
fungicidal
concentrations (MIC and MBC / MFC):
MIC was determined as per the guidelines of
Clinical and Laboratory Standards Institute
(formerly the National Committee for Clinical
Laboratory Standards). Bacterial and fungal
suspensions were prepared by suspending 18 hour
grown bacterial culture and 24 hour fungal culture
in sterile normal saline. The turbidity of the
bacterial suspension was adjusted to 0.5 McFarland
standards (equivalent to 1.5 x 108 CFU/ml) and 1.0
McFarland standards (equivalent to 1.5 × 108
colony forming units (CFU/ml) for fungal stains at
wavelength 625nm. The 2-fold serial of sample
bark oil (stock solution prepared in DMSO) were
prepared in Mueller Hinton broth (MHB) for
bacteria and Sabouraud’s Dextrose broth (SDB)
for fungi in 100 µl volume in 96-well U bottom
microtitre plates (Tarson, Mumbai, India). The
above mentioned bacterial and fungal suspension
was further diluted in the MHB and SDB and 100
µl volume of this diluted inoculum was added to
each well of the plate resulting in the final
inoculum of 5 x 105 CFU/ml in the well and the
final concentrations of bark oil ranged from 8000
to 15.62µg/ml till 10th column. Ciprofloxacin and
Amphotericin B were used as standard antibacterial
and antifungal agents at a concentration ranging
from 16 - 0.03μg/ml. The plates were incubated at
37°C for 18 hours for bacteria and at 28ºC for 48
hours for fungi. The plates were read visually and
the minimum concentration of the test sample
showing no turbidity was recorded as MIC. The
MBC and MFC were determined by spreading 100
μl volume on Tryptic soy agar (TSA) and
Sabouraud’s Dextrose agar (SDA) plates from the
wells showing no visible growth. The plates were
incubated at 37°C for 18 hours for bacteria and at
28ºC for 48 hours for fungi respectively.

Minimum inhibitory concentrations (MIC) and
minimum
bactericidal
/
fungicidal
concentrations (MBC)/ (MFC) of Juniperus
recurva essential oil: The in vitro antibacterial and
antifungal activities of the essential oil were tested
on a group of clinically significant Gram-positive
and Gram-negative bacteria as well as fungal
pathogens (Table II). The bark oil exhibited the
maximum antimicrobial effect against Grampositive bacteria. The MIC values ranged from
125-250 µg/ml against Gram-positive bacteria.
However, the Gram-negative bacteria (E. coli
ATCC 25292 and P. aeruginosa ATCC 27853)
were less susceptible to the essential oil exhibiting
MIC > 8000 µg/ml. This is not unexpected since
Gram-negative bacteria are embellished with
lipopolysaccharides in the outer membrane which
protects them against the penetration by
hydrophobic antimicrobial agents like essential
oils; thus higher doses of antimicrobial agents are
required compared with those needed for Grampositive bacteria. Further, the essential oil was
bacteriostatic in nature exhibiting MBC >4000
µg/ml. The three fungal strains exhibited MIC in
the range of 500-1000 µg/ml and MFC >4000. This
is the first report on the antimicrobial activity of
bark essential oil of J. recurva. Antibacterial
activity has also been attributed to leaf and seed
extract fractions of J. recurva. In a recent study,
antibacterial activity was assayed by measuring the

RESULTS AND DISCUSSION
Chemical composition of the essential oil: The
chemical composition of the essential oil of
Juniperus recurva is shown in Table I, in order of
their elution from RTX-5 column. The oil yield
was 0.05 % (v/w) calculated on dry weight basis.
GC and GC-MS analysis led to the identification of
28 constituents accounting for 88.8 % of the total
oil composition. The GC-MS total ion
chromatogram (TIC) is shown in Figure I. The oil
composition is dominated by the presence of
monoterpene hydrocarbons accounting for 80.2%,
while as oxygenated monoterpenes, sesquiterpene
hydrocarbons and oxygenated sesquiterpenes
383
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zone of inhibition in millimetres (ZOI) of different
extracts on the agar disc plate. Both the J. recurva
leaf and seed extract fractions showed
concentration dependence antimicrobial activity
towards the tested bacteria with the highest ZOI
being 17 mm for the J. recurva leaves at 200
mg/ml (20).

monoterpenes and sesquiterpenes. The above
results also show that the essential oil exhibits
strong antimicrobial activity against pathogens of
clinical significance.
Acknowledgements: The authours are grateful to
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CONCLUSION
The present study shows that the oil composition of
Juniperus recurva is dominated by monoterpene
hydrocarbons
followed
by
oxygenated
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TABLE I. CHEMICAL COMPOSITION OF THE BARK ESSENTIAL OIL OF JUNIPERUS
RECURVA GROWING IN KASHMIR HIMALAYAS, INDIA
Componentsa
α-Thujene
α –Pinene
Camphene
Sabinene
β-Pinene
α -Phellandrene
δ-3-Carene
α –Terpinene
p-Cymene
Limonene
β -Phellandrene
1,8-Cineole
γ-Terpinene
α -Terpinolene
Dehydro-p-cymene
Fenchyl alcohol
Terpinen-1-ol
Borneol
Terpinen-4-ol
α -Terpineol
Isobornyl formate
Cis-Calamenene
Di-epi-α-Cedrenal
Aromadendrene oxide-2
Cedr-8-en-13-ol
Germacrone
Pimarinal
Totarol
Monoterpene hydrocarbons
Oxygenated monoterpenes
Sesquiterpene
hydrocarbons
Oxygenated sesquiterpenes
Total (%)

% Peak Areab
0.5
20.7
0.4
0.2
2.9
0.4
3.8
13.0
15.0
1.1
0.4
2.1
14.4
6.9
0.5
0.4
0.8
0.9
0.4
0.5
0.1
0.1
1.1
0.2
1.2
0.3
0.3
0.2
80.2
5.2
0.1
3.3

RI Cal.
922
929
944
965
970
998
1006
1011
1018
1021
1023
1025
1050
1084
1101
1109
1128
1160
1171
1183
1230
1526
1635
1637
1684
1690
2312

88.8
384

RI Lit.
924
932
946
969
974
1002
1008
1014
1020
1024
1025
1026
1054
1086
1105
1114
1130
1165
1174
1186
1235
1528
1639
1639
1688
1693
2314

Methods of identificationc
MS, RI
MS, RI, std
MS, RI
MS, RI
MS, RI, std
MS, RI
MS, RI
MS, RI, std
MS, RI, std
MS, RI
MS, RI
MS, RI
MS, RI, std
MS, RI, std
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS, RI
MS
MS, RI
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Notes: aCompounds are listed in order of their elution from RTX-5 column. bPercentage was obtained by FID
peak area normalization without using response factors. RIcal.= Retention indices were experimentally measured
using homologous series of n-alkanes (C5-C28) on the RTX-5 column. RIlit.= Retention indices taken from
Adams. cIdentification methods: MS, by comparison of the mass spectra with those from computer mass
libraries, NIST 05 library , Wiley and Adams; RI, by comparison of RI with those reported in literature; Std, by
comparison of the retention time and mass spectra of authentic standards.
TABLE II. ANTIMICROBIAL ACTIVITY OF THE JUNIPERUS RECURVA BARK ESSENTIAL OIL
AGAINST BACTERIAL AND FUNGAL PATHOGENS
Organisms

S. aureusATCC-29213

Ciprofloxacin

Amphotericin- B

J. recurva bark oil
MIC a

MBC/MFCb

0.25

-

125

>4000

8

-

250

>4000

E. faecalis ATCC 29212

0.5

-

125

>4000

E. faecium ATCC 8042

0.5

-

250

>4000

S. epidermidis ATCC 12228

0.5

-

125

>4000

Vancomycin resistant E. faecalis

>16

-

250

>4000

E. coli ATCC 25292

0.03

-

>8000

>4000

P. aeruginosa ATCC 27853

0.12

-

>8000

>4000

C. albicans ATCC 90028

-

0.5

500

>4000

C. albicans V-0-191

-

1.0

500

>4000

Aspergillus niger ATCC 16404.

-

1.0

1000

>4000

MRSA ATCC 3591

Notes: MICs and MBC/MFCs of the sample were determined using CLSI guidelines against ATCC strains.
a
Minimum Inhibitory Concentration (μg/ml); bMinimum Bactericidal and Fungicidal Concentration (μg/ml).
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Figure I. GC-MS total ion chromatogram (TIC) of the Juniperus recurva bark essential oil
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