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Abstract

The essential oils from the leaves and twigs of Juniperus horizontalis and Juniperus scopulorum, growing in southwestern Idaho, were
obtained by hydrodistillation and analyzed by gas chromatography–mass spectrometry (GC-MS) and gas chromatography–flame
ionization detection (GC(FID)). The major components in the essential oil of J horizontalis were α-pinene, 16.9%, predominantly
(+ )-α-pinene; sabinene, 37.1%, exclusively (+ )-sabinene; myrcene, 5.0%; and terpinene-4-ol, predominantly (+ )-terpinen-4-ol.
The essential oil of J scopulorum was rich in sabinene, 29.8%, exclusively (+ )-sabinene; terpinene-4-ol, 13.2%, nearly racemic; α-
elemol, 9.7%; and 8α-acetoxyelemol, 6.4%. In addition, 12 commercial Juniperus communis fruit essential oils were analyzed by
chiral GC-MS. α-Pinene showed considerable variation in enantiomeric distribution, depending on geographical location. The dom-
inant enantiomer of sabinene in J communis essential oils was (+ )-sabinene.
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Introduction

Juniperus L. is the largest genus in terms of number of species in
the Cupressaceae. World Flora Online currently lists 75 species
of Juniperus.1 Eighteen species of Juniperus are known to occur in
North America.2 Several species of Juniperus have commercial
importance, including Juniperus communis L. (common juniper),
used to flavor gin, Juniperus oxycedrus L. (cade juniper), the
source of antiparasitic oil of Cade, and Juniperus virginiana
L. (eastern red cedar), used as an insect repellent.3 Many
Juniperus species are used in local traditional medicine and
several are important sources of essential oils.4

Juniperus horizontalis Moench (creeping juniper) ranges natu-
rally across Canada and south into northern United States (eg
Montana, Wyoming, North and South Dakota, Minnesota,
Wisconsin, Michigan, New York Vermont, and Maine).2 In
Cheyenne traditional medicine, the plant was used as a
remedy for colds, coughs, and fevers.5 The leaf essential oil of
J horizontalis, cultivated in Tehran, Iran, and rich in limonene
and sabinene, showed good antibacterial activity against
Staphylococcus aureus, Staphylococcus epidermidis, Bacillus anthracis,
Bacillus subtilis, Listeria monocytogenes, and Escherichia coli with
minimum inhibitory concentration (MIC) values ≤ 64 μg/mL.6

Likewise, a p-cymene and linalool-rich J horizontalis leaf essential
oil from Van, Turkey, showed good antibacterial activity against
Enterococcus faecalis and Salmonella typhimurium.7

Juniperus scopulorum Sarg. (Rocky Mountain juniper) is found
in western North America, including British Columbia,
Washington, Oregon, Nevada, through Idaho, Montana,
Wyoming, Utah Colorado, Arizona, and New Mexico, and
east to North and South Dakota and western Nebraska.2

Several Native North American tribes used J scopulorum in
their traditional medicine to treat coughs, colds, and fevers
(Cheyenne, Flathead, Kutenai, Navajo, Nez Perce, Sioux,
Thompson), arthritis and rheumatism (Blackfoot, Montana,
Navajo, Okanagan, Swinomish, Thompson).5 The essential oil
of J scopulorum, cultivated in Hoyo, Argentina, was dominated
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Table 1. Chemical Compositions of the Essential Oils From the
Leaves and Twigs of Juniperus horizontalis and Juniperus scopulorum
Growing in Southwestern Idaho.

RIcalc RIdb

Percent Composition

Compound J horizontalis J scopulorum

922 923 Tricyclene 0.1 tr
925 925 α-Thujene 1.6 1.4
933 933 α-Pinene 16.9 3.7
942 943 1-Octanol - 0.1
947 948 α-Fenchene 0.1 tr
949 950 Camphene 0.2 0.1
972 972 Sabinene 37.1 29.8
978 978 1-Octen-3-ol 2.1 -
979 978 β-Pinene - 0.6
984 984 3-Octanone - tr
989 989 Myrcene 5.0 2.5
994 996 Butyl butyrate 0.1 -
1000 1000 δ-2-Carene 0.1 0.1
1007 1006 α-Phellandrene tr tr
1009 1008 δ-3-Carene 2.4 0.2
1017 1017 α-Terpinene 1.6 1.6
1019 1022 m-Cymene tr -
1024 1024 p-Cymene 0.3 2.0
1026 1026 2-Acetyl-3-methylfuran tr tr
1030 1030 Limonene 1.3 2.0
1031 1031 β-Phellandrene 0.3 0.2
1032 1032 1,8-Cineole 0.1 0.6
1035 1034 (Z )-β-Ocimene 0.1 0.1
1045 1045 (E)-β-Ocimene 0.1 tr
1055 1056 Isoamyl butyrate tr -
1058 1057 γ-Terpinene 2.5 2.9
1064 1064 Prenyl butyrate tr -
1070 1069 cis-Sabinene hydrate 1.0 1.3
1085 1086 Terpinolene 1.5 1.2
1101 1101 Linalool 1.5 3.3
1102 1101 trans-Sabinene hydrate 0.6 0.3
1118 - trans-4-Methoxythujane 0.2 -
1124 1124 cis-p-Menth-2-en-1-ol 0.5 0.9
1142 1142 trans-p-Menth-2-en-1-ol 0.3 0.6
1172 1170 Borneol 0.1 -
1181 1180 Terpinen-4-ol 7.4 13.2
1185 1187 (3Z )-Hexenyl butyrate tr -
1186 1186 p-Cymen-8-ol tr 0.1
1188 1188 (E)-β-Ocimenol 0.1 -
1191 1193 Butyl caproate tr -
1191 1194 p-Mentha-1,5-dien-7-ol tr -
1195 1195 α-Terpineol 0.4 0.6
1196 1196 cis-Piperitol 0.1 0.2
1206 1205 Verbenone tr -
1208 1208 trans-Piperitol 0.1 0.3
1227 1227 Citronellol 0.4 1.3
1253 1254 Piperitone 0.1 0.1
1257 1258 (4Z )-Decen-1-ol 0.1 0.3
1279 1278 Pregeijerene B - 1.3
1283 1282 Bornyl acetate 0.7 0.6
1313 1324 (2E,4E)-Decadien-1-ol - 0.1
1320 1319 Methyl geranate - 0.1
1336 1335 δ-Elemene tr -
1349 1349 Citronellyl acetate tr 0.1

(Continued)

Table 1. Continued

RIcalc RIdb

Percent Composition

Compound J horizontalis J scopulorum

1376 1375 α-Copaene tr -
1384 1382 β-Bourbonene tr -
1390 1390 trans-β-Elemene 0.1 -
1418 1417 (E)-β-Caryophyllene 0.1 0.1
1429 1427 γ-Elemene 0.1 -
1439 1437 2-Phenylethyl butyrate 0.1 -
1446 1446 cis-Muurola-3,5-diene tr -
1449 1450 trans-Muurola-3,5-diene tr -
1454 1454 α-Humulene 0.1 0.1
1462 1463 cis-Cadina-1(6),4-diene tr -
1472 1472 trans-Cadina-1(6),4-diene 0.1 -
1475 1475 γ-Muurolene 0.1 tr
1480 1480 Germacrene D 0.3 0.1
1491 1490 γ-Amorphene 0.1 tr
1496 1497 epi-Cubebol 0.2 0.1
1499 1500 α-Muurolene 0.3 0.1
1513 1512 γ-Cadinene 0.3 0.2
1515 1515 Cubebol 0.1 tr
1518 1514 δ-Amorphene - 0.2
1519 1518 δ-Cadinene 1.8 0.9
1523 1521 Zonarene tr -
1530 1533 10-epi-Cubenol tr -
1532 1533 trans-Cadina-1,4-diene tr -
1535 1536 α-Copaen-11-ol - 0.1
1537 1538 α-Cadinene 0.1 0.1
1550 1549 α-Elemol 2.0 9.7
1558 1557 Germacrene B 0.1 -
1563 1560 (E)-Nerolidol - 0.1
1572 1571 (3Z )-Hexenyl benzoate - 0.1
1577 1574 Germacra-1(10),5-dien-4β-ol 1.9 0.4
1604 1607 β-Oplopenone 0.9 0.8
1607 1610 5-epi-7-epi-α-Eudesmol - tr
1615 1614 1,10-di-epi-Cubenol 0.1 tr
1623 1624 epi-γ-Eudesmol tr 0.2
1628 1628 1-epi-Cubenol 0.1 0.1
1632 1632 γ-Eudesmol 0.1 0.9
1643 1643 τ-Cadinol 0.6 0.4
1645 1645 τ-Muurolol 0.7 0.5
1646 1644 α-Muurolol (= δ-Cadinol) 0.2 0.1
1656 1655 α-Cadinol 2.1 2.8
1665 1665 Intermedeol 0.1 0.1
1684 1686 Botrydiol - 0.1
1689 1686 Shyobunol 0.1 tr
1736 1735 Oplopanone 0.1 0.1
1741 1740 8α,11-Elemodiol - 0.1
1785 1793 8α-Acetoxyelemol 0.1 6.4
2089 2086 Abietadiene tr -

Monoterpene hydrocarbons 71.1 48.3
Oxygenated monoterpenoids 13.8 23.5
Sesquiterpene hydrocarbons 3.5 1.7
Oxygenated sesquiterpenoids 9.2 22.8
Diterpenoids tr 0.0
Others 2.3 1.9
Total identified 100.0 98.2

Note: RIcalc=Calculated retention index with respect to a homologous series of
n-alkanes on a ZB-5 ms column. RIdb=Reference retention index from the
databases.10–13 tr= trace (< .05%).
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by sabinene (86.5%) and demonstrated antifungal effectiveness
against Fusarium verticillioides, Aspergillus flavus, Aspergillus parasiti-
cus, and Rhodotorula sp.8

The purpose of this work was to examine the essential oil
compositions of J horizontalis and J scopulorum growing in south-
western Idaho, with particular emphasis on the enantiomeric
distribution of monoterpenoid components. A survey of enan-
tiomeric monoterpenoid distributions in Juniperus is also pre-
sented for comparison.

Results and Discussion

J horizontalis and J scopulorum Essential Oil
Compositions

The essential oils from the leaves and twigs of J horizontalis and
J scopulorum were obtained in 0.318% and 0.543% yield, respec-
tively, as colorless essential oils. The chemical compositions of
the essential oils are compiled in Table 1. The compositions
are qualitatively similar to those previously reported for J hori-
zontalis and J scopulorum from Wyoming.9 Key differences in
the compositions of J horizontalis are the large concentration
of α-pinene in this work (16.9%) compared to those found in
the Wyoming collection (2.4%-6.6%) and the lower concentra-
tion of sabinene (37.1%) found in the Idaho sample compared
to those found in the Wyoming collection (56.6%-61.0%).
Pregeijerene B was found in 2.3% to 4.4% in the Wyoming
samples, but was not detected in the Idaho sample.

The Idaho J scopulorum essential oil had higher concentrations
of terpinen-4-ol (13.2%), α-elemol (9.7%), and 8α-acetoxyelemol
(6.4%) compared to the essential oils from Wyoming (3.3%-5.9%,
0.0%-5.6%, and 0.0%-4.3%, respectively). The limonene concen-
tration was lower in the Idaho sample (2.0%) than the samples
from Wyoming (2.5%-22.0%).

Monoterpenoid Enantiomeric Distributions

A chiral gas chromatography–mass spectrometry (GC-MS)
analysis was carried out on J horizontalis and J scopulorum essential
oils to assess the enantiomeric distributions of monoterpenoids
(Table 2). Additionally, 2 commercial J communis fruit essential
oils from Nepal and 10 samples from Albania were analyzed
for comparison. Enantiomeric distributions of monoterpenoids
in J communis, J oxycedrus, and Juniperus phoenicea reported in the
literature14-16 are also included in Table 2 for comparison.

The monoterpene hydrocarbons α-thujene, sabinene,
β-pinene, and δ-3-carene were found to occur in both J horizontalis
and J scopulorum as their pure (+ ) enantiomers. (+ )-α-Thujene
dominated most of the J communis fruit essential oils examined
with the exception of 2 samples from Albania (Table 2, samples
#2 and #3). Pure (+ )-sabinene and (+ )-δ-3-carene were found
in J communis leaf essential oils from Poland.17 (+ )-Sabinene dom-
inated the fruit essential oils of commercial J communis (Table 2), but
was the minor enantiomer in J oxycedrus and J phoenicea leaf essential
oils.16 (+ )-δ-3-Carene also dominates the essential oils of J

oxycedrus, J phoenicea, and J communis fruit essential oils. In contrast
to J horizontalis and J scopulorum essential oils, pure (–)-β-pinene
was found in J communis leaf oil,17 which is consistent with J commu-
nis fruit essential oils (Table 2).

The major α-pinene enantiomer in J horizontalis and J scopulo-
rum essential oils was (+ )-α-pinene, consistent with that
observed in J communis leaf essential oil15,17,18 J oxycedrus,14 and
J phoenicea16 leaf essential oils. Interestingly, commercial J commu-
nis fruit essential oils from Nepal showed (+ )-α-pinene pre-
dominating, but those from Albania had (–)-α-pinene as the
major enantiomer.

(+ )-Limonene generally seems to predominate in Juniperus
essential oils, but there are some exceptions in J communis
leaf17 and fruit (Albania samples #2 and #3) essential oils.
(+ )-Linalool predominated in the leaf essential oils of J hori-
zontalis, J scopulorum, and J phoenicea, whereas (–)-linalool predomi-
nated in J oxycedrus leaf oil and the fruit essential oils of J communis.
There was a slight excess of (+ )-terpinen-4-ol in J horizontalis and
J scopulorum essential oils, whereas a slight excess of (–)-terpinen-
4-ol was observed in J communis, J oxycedrus, and J phoenicea leaf
essential oils. Commercial J communis fruit essential oils also
showed a slight excess of (+ )-terpinen-4-ol with the exception
of two samples from Albania (#2 and #3).

Conclusions

The essential oil compositions of J horizontalis and J scopulorum
growing in Idaho showed qualitative similarities to those
Juniperus essential oils growing in Wyoming, but with some
quantitative differences. The enantiomeric distributions of the
major components, α-pinene, sabinene, and terpinene-4-ol,
were comparable to the enantiomeric distributions observed
in commercial J communis fruit essential oils.

Materials and Methods

Plant Material

Samples of J horizontalis and J scopulorum were obtained from the
Idaho Botanical Garden (43°36′04′′N, 116°09′35′′W, 862 m
elevation) on July 29, 2021. The plants were identified by
Daniel Murphy, Collections Curator, Idaho Botanical Garden.
Voucher specimens (WNS22192758 and WNS22114504)
have been deposited in the herbarium of the University of
Alabama in Huntsville (HALA). For J horizontalis, fresh leaves
and twigs (167.80 g) were hydrodistilled using a Likens-
Nickerson apparatus with continuous extraction with dichloro-
methane for 3 h to give a colorless essential oil (533.8 mg).
Fresh leaves and twigs of J scopulorum (93.90 g) were hydrodis-
tilled as above to give a colorless essential oil (510.1 mg).

Commercial Essential Oils from APRC

Commercial samples of J communis fruit essential oils from
Nepal and from Albania were obtained from the Aromatic
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Plant Research Center (APRC) collection and analyzed as
received.

GC-MS

The essential oils of J horizontalis and J scopulorum were analyzed
by GC-MS as reported previously19: Shimadzu GCMS-QP2010

Ultra with a ZB-5 ms GC column (60 m length, 0.25 mm diam-
eter, 0.25 μm film thickness), injector and detector tempera-
tures 260 °C, He carrier gas with column head pressure of
208 kPa and flow rate of 2.00 mL/min, GC oven temperature
program 50 °C to 260 °C (2 °C/min), and 1.0 μL injection of
5% solution of each essential oil in dichloromethane (split
mode, 24:1). The retention indices (RIs) were determined

Table 2. Enantiomeric Distribution [%(+ ):%(–)] of Monoterpenoids in Juniperus Essential Oils.

Compound
Juniperus
horizontalisa

Juniperus
scopuloruma

Juniperus
communis
15

Juniperus
oxycedrus 14

Juniperus
phoenicea
16

Juniperus communis, Nepalb

#1 #2

α-Thujene 100:0 100:0 - - - 82.0:18.0 100:0
α-Pinene 81.4:18.6 91.7:8.3 57.0:43.0 88.6:11.4 89.1:10.9 62.2:37.8 80.5:19.5
Camphene 62.7:37.3 52.0:48.0 38.3:61.7 79.1:20.9 80.1:19.9 - 65.9:34.1
Sabinene 100:0 100:0 - 40.1:50.9c 39.7:60.3 89.5:10.5 100:0
β-Pinene 100:0 100:0 45.7:54.3 56.4:43.6 51.7:48.3 15.3:84.7 30.9:69.1
δ-3-Carene 100:0 100:0 - 74.3:25.7 98.6:1.4 100:0 100:0
α-Phellandrene - - - - - - -
α-Terpinene - - - - - - -
Limonene 82.8:17.2 90.1:9.9 77.9:22.1 95.1:4.9 81.6:18.4 97.5:2.5 97.4:2.6
β-Phellandrene 30.9:69.1 46.9:53.1 - - - - 29.3:70.7
cis-Sabinene

hydrate
97.7:2.3 95.9:4.1 - - - - -

Linalool 61.2:38.8 87.6:12.4 - 36.6:63.4 73.1:26.9 - -
trans-Sabinene

hydrate
97.8:2.2 - - - - - -

Borneol 0:100 - 8.6:91.4 68.9:31.1 49.7:50.3 - -
Terpinen-4-ol 66.6:33.4 53.0:47.0 32.8:67.2 22.5:77.5 31.5:68.5 70.6:29.4 71.9:28.1
α-Terpineol 50.6:49.4 54.0:46.0 - - - - -
Bornyl acetate 0:100 0:100 - 94.5:5.5 91.5:8.5 0:100 0:100
α-Terpinyl

acetate
- - - - - - -

Compound Juniperus communis, Albaniab

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10
α-Thujene 99.0:1.0 16.0:84.0 17.2:82.8 98.8:1.2 98.6:1.4 98.7:1.3 100:0 100:0 99.2:0.8 98.8:1.2
α-Pinene 28.7:71.3 46.9:53.1 40.5:59.5 33.5:66.5 29.3:70.7 35.4:64.6 31.7:68.3 34.2:65.8 48.3:51.7 49.7:50.3
Camphene 100:0 100:0 100:0 100:0 100:0 100:0 23.8:76.2 25.7:74.3 100:0 100:0
Sabinene 99.7:0.3 100:0 100:0 100:0 95.8:4.2 95.5:4.5 100:0 100:0 99.8:0.2 99.8:0.2
β-Pinene 10.5:89.5 6.8:93.2 6.8:93.2 6.5:93.5 8.3:91.7 10.2:89.8 11.3:88.7 7.6:92.4 24.7:75.3 25.9:74.1
δ-3-Carene 100:0 100:0 100:0 100:0 100:0 100:0 - - 100:0 100:0
α-Phellandrene - 100:0 100:0 36.6:63.4 55.9:44.1 56.1:43.9 53.9:46.1 60.4:39.6 14.5:85.5 14.6:85.7
α-Terpinene - - - - 100:0 100:0 - - - -
Limonene 89.3:10.7 32.2:67.8 30.9:69.1 84.4:15.6 81.8:18.2 79.9:20.1 88.0:12.0 78.2:21.8 90.3:9.7 89.2:10.8
β-Phellandrene 0:100 - - 0:100 0:100 0:100 22.7:77.3 28.6:71.4 0:100 0:100
cis-Sabinene

hydrate
- - - - - - - - - -

Linalool - - - 39.5:60.5 40.0:60.0 42.1:57.9 - 41.3:58.7 - -
trans-Sabinene

hydrate
- - - - - - - - - -

Borneol - - - - - - - - - -
Terpinen-4-ol 78.6:21.4 30.2:69.8 30.5:69.5 78.0:22.0 77.5:22.5 75.7:24.3 79.8:20.2 76.6:23.4 - 78.3:21.7
α-Terpineol 44.5:55.5 - - 39.1:60.9 41.8:58.2 41.4:58.6 43.1:56.9 - 47.1:52.9 45.3:54.7
Bornyl acetate 0:100 - 0:100 0:100 0:100 0:100 0:100 0:100 0:100 0:100
α-Terpinyl

acetate
0:100 - - - - - - - 0:100 0:100

Note: aJuniperus essential oil from Idaho.
bCommercial Juniperus communis fruit essential oils from the Aromatic Plant Research Center (APRC) collection.
cThe reported percentages to not add up to 100%.
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using a series of reference n-alkanes. The compounds listed in
Table 1 were identified by comparing the mass spectrum frag-
mentation data and calculated RIs with those in the data-
bases.10-13

GC(FID)

The essential oils of J horizontalis and J scopulorum were analyzed
by gas chromatography–flame ionization detection (GC(FID))
as reported previously20: Shimadzu GC 2010 with FID detec-
tor, ZB-5 GC column, same operating conditions as above
for GC-MS. The percent compositions were determined from
raw peak areas without standardization.

Chiral GC-MS

The J horizontalis, J scopulorum, and J communis essential oils were
analyzed by chiral GC-MS as previously reported20: Shimadzu
GCMS-QP2010S instrument, Restek B-Dex 325 column
(30 m length, 0.25 mm diameter, 0.25 μm film thickness), injec-
tor and detector temperatures 240 °C, He carrier gas with
column head pressure of 53.8 kPa and flow rate of 1.00 mL/
min, GC oven temperature program 50 °C, held for 5 min,
increased 1.0 °C/min to 100 °C, then increased 2.0 °C/min
to 220 °C; and 0.3 μL injection of 5% solution of essential oil
samples in dichloromethane (split mode, 24:1) was injected.
The enantiomeric distributions were determined by comparison
of retention times with authentic samples obtained from
Sigma-Aldrich (Milwaukee, WI, USA). The relative enantiomer
percentages were calculated from peak areas.

Acknowledgments

This work was carried out as part of the activities of the Aromatic Plant
Research Center (APRC, https://aromaticplant.org/). We are grateful
to Daniel Murphy, Collections Curator, Idaho Botanical Garden, for
plant identification.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethical Approval

Ethical approval is not applicable for this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

William N. Setzer https://orcid.org/0000-0002-3639-0528

Statement of Human and Animal Rights

This article does not contain any studies with human or animal
subjects.

Statement of Informed Consent

There are no human subjects in this article and informed consent is not
applicable.

Trial Registration

Not applicable, because this article does not contain any clinical trials.

References

1. WFO. Juniperus L. The world Flora online. http://www.
worldfloraonline.org/taxon/wfo-4000019723. Published 2022.
Accessed January 30, 2022.

2. Kartesz JT. The biota of North America program (BONAP).
North American Plant Atlas. http://bonap.net/napa. Published
2015. Accessed January 28, 2022.

3. Mabberley DJ. Mabberley’s Plant-Book. 3rd ed. Cambridge
University Press; 2008.

4. Rhind JP. Essential Oils: A Comprehensive Handbook for Aromatic
Therapy. Singing Dragon; 2020.

5. Moerman DE. Native American Ethnobotany. Timber Press, Inc.;
1998.

6. Ehsani E, Akbari K, Teimouri M, Khadem A. Chemical compo-
sition and antibacterial activity of two Juniperus species essential
oils. African J Microbiol Res. 2012;6(38):6704-6710. doi:10.5897/
ajmr12.686

7. Eryiğit T, Okut N, Ekici K, Yildirim B. Chemical composition and
antibacterial activities of Juniperus horizontalis essential oil. Can J
Plant Sci. 2014;94(2):323-327. doi:10.4141/CJPS2013-242

8. Dambolena JS, Meriles OM, López AG, et al. Actividad
antifúngica del aceite esencial de cinco especies de Juniperus de
Argentina. Bol Latinoam y del Caribe Plantas Med y Aromat.
2011;10(2):104-115.

9. Zheljazkov VD, Astatkie T, Jeliazkova EA, Heidel B, Ciampa L.
Essential oil content, composition and bioactivity of Juniper
species in Wyoming, United States. Nat Prod Commun.
2017;12(2):201-204. doi:10.1177/1934578× 1701200215

10. Adams RP. Identification of Essential Oil Components by Gas
Chromatography/Mass Spectrometry. 4th ed. Allured Publishing; 2007.

11. Mondello L. FFNSC 3. Shimadzu Scientific Instruments; 2016.
12. NIST. NIST17. National Institute of Standards and Technology;

2017.
13. Satyal P. Development of GC-MS Database of Essential Oil

Components by the Analysis of Natural Essential Oils and
Synthetic Compounds and Discovery of Biologically Active
Novel Chemotypes in Essential Oils, Ph.D. dissertation. 2015.

14. Dahmane D, Dob T, Chelghoum C. Chemical composition and
analyses of enantiomers of essential oil obtained by steam distilla-
tion of Juniperus oxycedrus L. growing in Algeria. J Mater Environ Sci.
2015;6(11):3159-3167.

Swor et al. 5

https://aromaticplant.org/
https://aromaticplant.org/
https://orcid.org/0000-0002-3639-0528
https://orcid.org/0000-0002-3639-0528
http://www.worldfloraonline.org/taxon/wfo-4000019723
http://www.worldfloraonline.org/taxon/wfo-4000019723
http://www.worldfloraonline.org/taxon/wfo-4000019723
http://bonap.net/napa
http://bonap.net/napa
http://doi.org/10.5897/ajmr12.686
http://doi.org/10.5897/ajmr12.686
http://doi.org/10.4141/CJPS2013-242
http://doi.org/10.4141/CJPS2013-242
https://doi.org/10.1177/1934578&thinsp;&times;&thinsp;1701200215
https://doi.org/10.1177/1934578&thinsp;&times;&thinsp;1701200215
https://doi.org/10.1177/1934578&thinsp;&times;&thinsp;1701200215


15. Dahmane D, Dob T, Chelghoum C. Essential oil composition and

enantiomeric distribution of some monoterpenoid components of

Juniperus communis L. from Algeria. J Essent Oil Res. 2016;28(4):348-

356. doi:10.1080/10412905.2015.1133458
16. Dahmane D, Dahmane FA, Dob T, Chelghoum C. Qualitative,

quantitative analysis and chiral characterization of the essential

oils of Juniperus phoenicea L. and Juniperus oxycedrus L. Nat Prod Sci.

2020;26(1):97-107. doi:10.20307/nps.2020.26.1.97
17. Filipowicz N, Piotrowski A, Ochocka JR, Asztemborska M. The

phytochemical and genetic survey of common and dwarf juniper

(Juniperus communis and Juniperus nana) identifies chemical races

and close taxonomic identity of the species. Planta Med.

2006;72(9):850-853. doi:10.1055/s-2006-941543

18. Labokas J, Ložienė K. Variation of essential oil yield and relative
amounts of enantiomers of α-pinene in leaves and unripe cones
of Juniperus communis L. growing wild in Lithuania. J Essent Oil
Res. 2013;25(4):244-250. doi:10.1080/10412905.2013.775678

19. DeCarlo A, Johnson S, Okeke-Agulu KI, et al. Compositional
analysis of the essential oil of Boswellia dalzielii frankincense from
West Africa reveals two major chemotypes. Phytochemistry.
2019;164:24-32. doi:10.1016/j.phytochem.2019.04.015

20. Lawson SK, Satyal P, Setzer WN. Phytochemical analysis of the
essential oils from aerial parts of four Scutellaria “skullcap”
species cultivated in south Alabama: Scutellaria baicalensis
Georgi, S. barbata D. Don, S. incana Biehler, and S. lateriflora L.
Nat Prod Commun. 2021;16(8):1934578X211025930. doi:10.
1177/1934578X211025930

6 Natural Product Communications

http://doi.org/10.1080/10412905.2015.1133458
http://doi.org/10.20307/nps.2020.26.1.97
http://doi.org/10.1055/s-2006-941543
http://doi.org/10.1055/s-2006-941543
http://doi.org/10.1055/s-2006-941543
http://doi.org/10.1080/10412905.2013.775678
http://doi.org/10.1016/j.phytochem.2019.04.015
http://doi.org/10.1177/1934578X211025930
http://doi.org/10.1177/1934578X211025930

	 Introduction
	 Results and Discussion
	 J horizontalis and J scopulorum Essential Oil Compositions
	 Monoterpenoid Enantiomeric Distributions

	 Conclusions
	 Materials and Methods
	 Plant Material
	 Commercial Essential Oils from APRC
	 GC-MS
	 GC(FID)
	 Chiral GC-MS

	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


