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Chemical Composition and Antibacterial Activity of the
Essential Oil from Cupressus arizonica Greene Cones Against
Clinical and Foodborne Pathogens

ABSTRACT

Objective: The purpose of this study was to characterize the chemical composition of the essential
oil (EO) derived from the cones of Cupressus arizonica Greene collected from Erzincan and to
evaluate its antibacterial potential against a range of pathogenic microorganisms, including strains
not previously investigated for this species.

Methods: The essential oil was obtained from fresh cones via hydrodistillation for 4 hours.
Chemical profiling was performed using Gas Chromatography-Mass Spectrometry (GC-MS). The
antibacterial activity was assessed against six pathogenic bacteria using the disc diffusion method,
with imipenem serving as a positive control.

Results: GC-MS analysis identified 35 compounds, representing 93.83% of the total oil. The major
components were a -pinene (53.02%), 3-carene (13.31%), a -myrcene (4.54%), sabinene (4.24%),
and limonene (3.47%). The oil exhibited selective antibacterial activity, with inhibition zones
recorded for Salmonella enterica (10.0 + 0.3 mm), Clostridium perfringens (8.1 £+ 0.5 mm), and
Bacillus cereus (8.0 + 0.6 mm). However, no inhibitory effect was observed against Staphylococcus
aureus, Pseudomonas aeruginosa, and Escherichia coli.

Conclusion: This study identifies a distinct a-pinene/3-carene chemotype of C. arizonica influenced
by the regional flora of Erzincan. Notably, this research represents the first report of the inhibitory
efficacy of C. arizonica cone essential oil against the anaerobic pathogen Clostridium perfringens.
The findings suggest that this essential oil could be a promising natural candidate for targeted
applications against certain foodborne and anaerobic pathogens.

Keywords: Cupressus arizonica, Essential oil, a-pinene, 3-carene, Clostridium perfringens

INTRODUCTION

Medicinal and aromatic plants have been utilized for centuries as natural sources of
therapeutic agents due to their diverse secondary metabolite profiles. Among these, the
genus Cupressus L. (Cupressaceae), comprising evergreen trees and shrubs distributed across
northern temperate regions, has gained significant attention for its pharmacological
potential.X? Cupressus arizonica Greene, commonly known as the Arizona cypress, is
frequently cultivated for ornamental purposes.®* C. arizonica is a perennial evergreen that
typically reaches heights between 5 and 25 meters. Its short stems are quadrangular in
shape, possessing a diameter of approximately 1-2 mm. The foliage consists of scale-like
leaves ranging in color from a muted grey-green to a vibrant cyan-green, situated on rounded
branchlets. The tree produces cylindrical or four-sided pollen cones (2-5 mm long and 2-2.5
mm wide), whereas its seed cones—measuring 10-35 mm—are globose to egg-shaped and
dehisce upon reaching maturity.>® C. arizonica cones-leaves are rich in volatile oils,”® which
showed insecticidal,® antibacterial,® antioxidant,” antifungal,’® herbicidal** as well as
larvicidal activities.!>*3
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The increasing incidence of multidrug-resistant (MDR)
microorganisms poses a significant danger to the global
healthcare system, requiring the development of
alternative antimicrobial drugs. Essential oils, complex
combinations of volatile molecules generated from plants,
have received interest for their broad-spectrum
antibacterial characteristics, including action against both
Gram-positive ~ and  Gram-negative  bacteria.>%*
Furthermore, certain essential oils function as
chemosensitizers, increasing the  efficiency of
conventional medicines while restoring sensitivity in
resistant bacteria.'® Essential oils' antimicrobial properties
occur by a variety of processes, including the disruption of
bacterial cell membranes, increased permeability, and cell
death.’®

Previous investigations into the antibacterial properties of
C. arizonica essential oils have primarily targeted a specific
range of reference and clinical strains, including
Escherichia coli, Pseudomonas aeruginosa, Salmonella
typhimurium, Staphylococcus aureus, and Enterococcus
faecalis.®> However, to the best of our knowledge, the
inhibitory potential of its cone-derived essential oil against
other critical pathogens—particularly  Clostridium
perfringens (ATCC 13124) and Bacillus cereus (ATCC
10876)—remains unexplored. Furthermore, this study
evaluates the oil's efficacy against Staphylococcus aureus
(ATCC 6538) and Salmonella enterica (ATCC 35664),
providing a broader perspective compared to previously
studied lineages. By expanding the antibacterial screening
to include these previously untested strains alongside
standard models like E. coli and P. aeruginosa, this
research aims to offer a more comprehensive assessment
of C. arizonica as a potential source for novel, broad-
spectrum antimicrobial agents.

METHODS

Plant Material

Cupressus arizonica Greene cones were collected in
October 2025 from Kavakyolu, Erzincan, Tirkiye
(39°46'04.15"N, 39°27'13.63"E; 1215 m altitude). Plant
sample identified by Prof. Dr. Ali Kandemir, Erzincan Binali
Yildirirm University, Faculty of Pharmacy, Department of
Pharmacognosy. The authentic sample was kept in the
herbarium of EBYU (EBYU 000045). The plant material
used in this study, [Cupressus arizonical, is not classified as
an endangered or protected species in Tlrkiye. Therefore,
no specific collection permit was required.

Extraction of Essential Oil
Essential oil extraction was performed by hydrodistillation

using a Clevenger-type apparatus for 4 hours. Prior to
distillation, the fresh cones were cut into small pieces to
facilitate the release of volatile compounds. The obtained
oil was subsequently dried over anhydrous sodium sulfate
(Na,S04) and preserved in sealed, dark-colored vials at
+4°C to maintain its stability prior to analysis.*

GC-MS Analysis

Chemical analysis of the essential oil was done with a
Thermo Scientific Trace 1310 GC-MS system and an HP-
5MS capillary column (30 m length, 0.25 mm internal
diameter, and 0.25 um film thickness). Helium served as
the transporter gas, with a constant flow rate of 1.2
mL/min and a split ratio of 50:1. The temperature gradient
for the column oven was configured as follows: an initial
hold at 60 °C for 3 minutes, then a 3 °C/min rise to 200 °C,
and finally a 5 °C/min ramp to 240 °C, which was
maintained for 5 minutes. The temperatures for the
injection port, transfer line, and ion source were
consistently maintained at 280 °C. Mass spectra were
acquired in electron impact (El) mode at 70 eV, utilizing a
3-minute solvent delay. A 1 puL sample (5% v/v in acetone)
was injected into the system. The identification of volatile
components was achieved by comparing their mass
spectra with Wiley and NIST2004 library databases, while
retention indices (RI) were calculated using the Van den
Dool and Kratz equation relative to a series of n-alkanes.
Quantitative data were expressed as relative area
percentages based on the chromatogram peaks.!*'’-2 The
compounds were validated by normalizing the peak area
obtained from the FID data without applying any
correction factor.?* The peak area from GC-FID analysis
was used to determine the relative percentages of the
components. The type of column, carrier gas flow rate,
oven temperature program, injection volume, split ratio,
and other experimental parameters were all the same for
both GC-MS and GC-FID studies.

Antibacterial activity

The antibacterial activity of the volatile oil was assessed
against Staphylococcus aureus (ATCC 6538), Clostridium
perfringens (ATCC 13124), Bacillus cereus (ATCC 10876),
Pseudomonas aeruginosa (ATCC 27853), Salmonella
enterica (ATCC 35664), and Escherichia coli (ATCC 25922)
were assessed using the disc diffusion method following a
standard protocol.?>?’

Sterile blank discs with a diameter of 6 mm were put on
Nutrient Agar medium after 100 uL of bacterial solution
(1x108 CFU). A blank disc was injected with 5 pL of the test
sample, and a positive control disc with the antibiotic
imipenem was also put on the medium. The plates were
then incubated at 37 °C for 24 hours. The inhibitory zones
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were measured with a digital caliper, and the mean
diameter + standard deviation of triplicates was reported
in millimeters.

RESULTS

The compositions of the volatile oil extracted from the cones
of C. arizonica are presented in Table 1. The volatile oil was
obtained as a yellowish liquid with a yield of 0.137% (v/w),
calculated based on fresh weight. The volatile oil included 35
compounds (93.83% of the overall composition) according to
GC/MS analysis (Table 1). The identified subtances were
classified into monoterpene hydrocarbons (84.21%),
oxygenated monoterpenes  (4.49%), sesquiterpene
hydrocarbons (2.50%), oxygenated sesquiterpenes (2.59%),
and others (0.04%). The main substances (> 3%) were
identified as a-pinene (53.02%), 3-Carene (13.31%), a-
Myrcene (4.54%), sabinene (4.24%), and limonene (3.47%).

Table 1. Chemical compositions of C. arizonica cones essential oils

No RT RI* RI** Component % Composition***
1 4.42 811 809 Acetonyldimethylcarbinol 0.0410.1
2 5.84 910 908 Bornylene 0.05+0.1
3 6.28 925 926 Tricyclene 0.25+0.05
4 6.42 930 929 Thujene 0.43+0.05
5 6.66 938 939 a-Pinene 53.02+0.1
6 6.94 951 950 a-Fenchene 1.13+0.2
7 7.66 960 961 Sabinene 4.24+0.09
8 8.15 993 992 a-Myrcene 4.54+0.08
9 8.52 997 996 a-Fellandrene 0.18+0.02
10 8.70 1006 1005 3-Carene 13.31+0.1
11 8.86 1015 1017 a-Terpinene 0.21+0.07
12 9.12 1031 1030 Limonene 3.47+0.02
13 9.77 1040 1039 trans-B8-Ocimene 0.03+0.07
14  10.08 1059 1060 y-Terpinene 0.39+0.01
15 10.34 1063 1064 cis-Sabinene hydrate 0.0810.2
16 10.94 1065 1065 a-Terpinolene 2.96+0.08
17 11.26 1099 1100 Linalool 0.05+0.01
18 12.02 1112 1111 a-Campholenic aldehyde 0.0410.1
19 12.40 1139 1140 trans-Pinocarveol 0.11+0.02
20 1255 1145 1144 Camphor 0.32+0.02
21 13.01 1146 1145 Verbenol 0.3+0.03
22 1318 1164 1165 Borneol 0.14+0.02
23 1337 1169 1168 3-Thujen-2-one 0.09+0.03
24 1350 1173 1172 Terpinen-4-ol 0.72+0.05
25 1388 1189 1190 a-Terpineol 0.71+0.02
26 1491 1218 1217 Citronellol 0.43+0.05
27 16.50 1263 1264 Bornyl acetate 0.41+0.04
28 17.92 1338 1337 a-Terpinyl acetate 1.09+0.07
29 19.30 1401 1402 Junipene 0.12+0.01
30 20.03 1418 1417 trans-Caryophyllene 1.06+0.4
31 20.87 1453 1452 a-Humulene 0.91+0.03
32 21.54 1481 1480 Germacrene D 0.41+0.02
33 2344 1532 1531 Nerolidol 0.06+0.01
34 2442 1608 1607 a-Cedrol 2.27+0.03

35 25.04 1642 1643 Cubenol 0.2620.02

Monoterpene Hydrocarbons (2-14, 16) 84.21
Oxygenated Monoterpenes (15, 17-28) 4.49
Sesquiterpene Hydrocarbons (29-32) 2.50
Oxygenated Sesquiterpenes (33-35) 2.59
Others (1) 0.04

Total identified 93.83

RI*: retention index as determined on an HP-5MS column using the homologous
series of n-hydrocarbons, RI **: Retention indexes according to literature, %
Composition***: Percent compositions were expressed as mean * standard
deviation of three independent measures

The results of the antimicrobial activity assay for C.
arizonica volatile oil are summarized in Table 2. The disc
diffusion analysis revealed that the essential oil possessed
selective antibacterial properties. Moderate inhibitory
activity was recorded against Salmonella enterica
(inhibition zone: 10.0+0.3 mm), Clostridium perfringens
(inhibition zone: 8.1+0.5 mm), Bacillus cereus (inhibition
zone: 8.0+0.6 mm). However, the essential oil failed to
suppress the growth of Staphylococcus aureus,
Pseudomonas aeruginosa, and Escherichia coli, indicating
a lack of broad-spectrum activity at the tested
concentration. Imipenem, utilized as a positive control,
yielded significantly larger inhibition zones, ranging from
21.1+1.0 mm to 38.8+0.5 mm, confirming the comparative
resistance or lower sensitivity of the pathogens to the
essential oil.

Table 2. Disc diffusion (mm) results of Cupressus arizonica
Greene cones essential oil for tested pathogenic bacteria

Bacterial strains Essential oil (5 pL) Imipenem* (10 mcg)

Staphylococcus aureus ni 38.840.5 mm
Clostridium perfringens 8.1+0.5 mm ** 21.940.6 mm
Bacillus cereus 8.0£0.6 mm** 21.1£1.0 mm
Pseudomonas aeruginosa ni 24.9+1.2 mm
Salmonella enterica 10.0+0.3 mm** 32.2+1.4 mm
Escherichia coli ni** 28.9£2.1 mm

ni: no inhibition, *: Positive control (Imipenem), **: inhibition zone diameters in
mm (mean * sd, n=3)

DISCUSSION

In this study, it was observed that 0.137% (v/w) volatile oil
was obtained from C. arizonica cones by hydro distillation.
This result differs from many previous studies that
generally report higher vyields ranging from 0.46% to
1.9%.3,9,12,28

The relatively lower essential oil yield obtained in the
present study (0.137%, v/w) compared with previously
reported values may be attributed to several factors.
Essential oil yield in aromatic plants is strongly influenced
by environmental and methodological parameters,
including geographical origin, altitude, soil composition,
climatic conditions, and seasonal variations during plant
collection. In the present study, the plant material was
collected from Erzincan at an altitude of 1215 m, and such
pedoclimatic conditions may significantly affect the
biosynthesis and accumulation of volatile metabolites.
Additionally, the use of fresh cones, differences in plant
maturity, and variations in hydrodistillation parameters
may also contribute to the observed variation in oil yield.
These factors are well known to cause substantial
guantitative differences in essential oil production even
within the same species.
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A comparative assessment of the chemical profile reveals
significant qualitative and quantitative discrepancies
between the present study and previous reports on C.
arizonica cone essential oils. Notably,
acetonyldimethylcarbinol and bornylene were uniquely
identified in our sample, whereas they were absent in the
compared literature 31228 Furthermore, the
concentration of 3-carene (%13.31) represents a major
chemical marker for our study, contrasting sharply with
the trace amounts (0.4% or less) reported in other studies.
These findings suggest that our C. arizonica sample
belongs to a distinct a-pinene/3-carene chemotype, likely
influenced by the specific pedoclimatic conditions of the
collection site. Additionally, while the compared literature
showed a high diversity of sesquiterpene hydrocarbons
such as zonarene and muurolenes, our oil exhibited a
more  dominant monoterpene  profile, further
distinguishing its phytochemical fingerprint.>91112.2829

The chemical composition differences among C. arizonica
cones can be attributed to genetic factors, environmental
conditions of their growing regions (such as soil type and
climate). This study also provides novel insights into the
metabolic capacity of C. arizonica, shedding light on the
ecological adaptation processes of this species.}*?°

The antibacterial screening of Cupressus arizonica cone
essential oil (EO) revealed a selective inhibitory profile,
primarily targeting Salmonella enterica, Clostridium
perfringens, and Bacillus cereus. In the present study, the
highest susceptibility was observed in S. enterica with an
inhibition zone of 10.0+0.3 mm. This finding is largely
consistent with previous reports investigating the cones of
C. arizonica, which documented inhibition zones of
approximately 13 mm against Salmonella typhimurium.
The slight quantitative differences in inhibition diameters
may be attributed to variations in bacterial strain
sensitivity or environmental factors influencing the
secondary metabolite accumulation in the plant material.?

A notable deviation from the existing literature was
observed regarding the activity against Escherichia coli,
Staphylococcus aureus, and Pseudomonas aeruginosa.
While our results indicated no inhibitory effect against
these pathogens at the tested concentrations, several
studies have reported contrasting findings. For instance,
literature data indicates that C. arizonica cone EOs can
produce significant inhibition zones for E. coli (10-19 mm),
S. aureus (16 mm), and P. aeruginosa (15 mm).>%*
Furthermore, some researchers have reported a broader
spectrum of activity, with minimum inhibitory
concentrations (MIC) reaching 1/250 v/v for all tested
clinical and reference strains.?

In a recent study, the chemical composition and
antioxidant activity of essential oils obtained from the
female cones and leaves of C. arizonica were investigated.
The essential oils were extracted by hydrodistillation,
yielding 1.90% from the female cones and 0.65% from the
leaves. GC—MS analysis identified 17 compounds in the
cone oil and 45 compounds in the leaf oil. The essential oil
from the female cones was mainly composed of
monoterpene hydrocarbons, with a-pinene (72.20%) as
the predominant compound, followed by 8-myrcene, 8-
pinene, and 6-3-carene. In contrast, the leaf essential oil
was rich in oxygenated monoterpenes, particularly
umbellulone (17.33%).3! In another study, the essential
oils obtained from the leaves, cones, and stems of C.
arizonica were investigated for their chemical composition
and biological activities in a study. GC—-MS analysis
revealed that the oils were dominated by monoterpenes,
particularly a-pinene, which was the major component in
all parts and reached 72.97% in the stem oil, while the leaf
oil was also rich in umbellulone and limonene. The
antimicrobial activity of the oils was evaluated against
several Gram-positive and Gram-negative bacteria,
including S. aureus, Listeria monocytogenes, P.
aeruginosa, E. coli, and Acinetobacter baumannii. The
essential oils exhibited notable bactericidal and
antibiofilm effects, showing stronger activity against E. coli
and P. aeruginosa, whereas limited activity was observed
against A. baumannii and S. aureus.??

This discrepancy in antibacterial efficacy is likely rooted in
the unique phytochemical "fingerprint" of our EO sample.
Our analysis identified a distinct a-pinene/3-carene
chemotype, characterized by a high concentration of a-
pinene (53.02%) and an uncommonly high level of 3-
carene (13.31%). In contrast, literature reports that
demonstrate high broad-spectrum activity often describe
oils with higher sesquiterpene diversity (such as
germacrene D or muurolene isomers) or different
monoterpene ratios.>?1+122829 The selective inhibition
observed in our study suggests that the high a-pinene and
3-carene content may be specifically effective against
certain Gram-positive bacterials and Salmonella sp., but
insufficient to penetrate the robust outer membrane of P.
aeruginosa or overcome the specific resistance
mechanisms of the tested E. coli and S. aureus strains.
Furthermore, our study provides a significant contribution
to the biological characterization of C. arizonica by
reporting its inhibitory activity against Clostridium
perfringens (8.1+0.5 mm). To the best of our knowledge,
this study represents the first report on the antimicrobial
activity of C.  arizonica cone essential oil
against Clostridium perfringens. This finding not only
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enriches the biological profile of this species but also
provides valuable data for the search for novel natural
antimicrobial agents.

The selective antibacterial activity of EO can be primarily
attributed to its dominant monoterpene profile,
characterized by high levels of a-pinene (53.02%) and 3-
carene (13.31%). The observed susceptibility of Gram-
positive pathogens, such as B. cereus and C. perfringens, is
linked to the lipophilic nature of these monoterpenes,
which integrate into the bacterial lipid bilayer, causing
membrane disruption and cellular leakage.3*>* In contrast,
the resistance of Gram-negative strains like E. coli and P.
aeruginosa is largely explained by the presence of a
hydrophobic lipopolysaccharide (LPS) layer in their outer
membrane, which acts as a protective barrier against
hydrophobic agents like a-pinene. However, the moderate
inhibition recorded for S. enterica suggests that the high
concentration of a -pinene in our sample may partially
bypass this barrier. Furthermore, our findings provide a
significant contribution by establishing the efficacy of EO
against Clostridium perfringens, a pathogen often
overlooked in the phytochemical screenings of this genus.
This inhibitory effect is likely enhanced by the synergistic
action of minor components such as limonene and 8-
caryophyllene, which are known to facilitate the

penetration of major constituents into the bacterial cell.>>
37

CONCLUSION

This study provided a detailed characterization of the
chemical composition and antibacterial activity of C.
arizonica cone essential oil collected from Erzincan,
Tlrkiye. The oil exhibited a distinctive a-pinene/3-carene
chemotype dominated by monoterpene hydrocarbons
and demonstrated selective antibacterial activity against
S. enterica, B. cereus, and notably C. perfringens. The
inhibition of C. perfringens represents a novel finding that
expands the known antimicrobial spectrum of C. arizonica
essential oil.

Future studies should focus on determining the minimum
inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) values to better quantify its
antimicrobial potency. In addition, investigations into the
synergistic effects between the major constituents (such
as a-pinene and 3-carene) and minor compounds could
provide further insights into the mechanisms underlying
the observed antibacterial activity. Studies evaluating the
oil’s cytotoxicity, safety profile, and potential applications
in food preservation, pharmaceutical formulations, or
natural antimicrobial products would also be valuable.

10.

11.

Furthermore, comparative studies involving different
plant parts, harvesting seasons, and ecological conditions
may help to better understand the factors influencing the
phytochemical variability and biological activity of C.
arizonica essential oils.

Ethics Committee Approval: The research was conducted
exclusively using plant material and in vitro microbiological assays.
Therefore, in accordance with national and international research
ethics guidelines, approval from an Ethics Committee was not
required for this study. All experimental procedures were carried out
in compliance with relevant institutional, national, and international
guidelines.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — SG; Design — SG, AD; Supervision -
SG; Resources — AD, ZA, SG; Materials - AD, ZA, SG; Data Collection
and/or Processing - AD, ZA, SG; Analysis and/or Interpretation - AD,
ZA, SG; Literature Search - AD, ZA, SG; Writing Manuscript - AD, ZA,
SG; Critical Review - AD, ZA, SG; Other — AD, ZA, SG

Declaration of Interests: The authors declare no competing interests
Funding: This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sector
Use of Artificial Intelligence: No artificial intelligence tools were
used.

REFERENCES

Eryilmaz M, Tosun A, Timen . Antimicrobial activity of some species
from Pinaceae and Cupressaceae. Turk J Pharm Sci. 2016;13(1):35-40.
Farjon A. A monograph of Cupressaceae and Sciadopitys. Cupressaceae
Royal Botanic Garden Kew; 2005.

Chéraif I, Jannet HB, Hammami M, Khouja M, Mighri Z. Chemical
composition and antimicrobial activity of essential oils of Cupressus
arizonica Greene. Biochem Syst Ecol. 2007;35(12):813-820. [CrossRef]
Fakhri S, Jafarian S, Majnooni MB, Farzaei MH, Mohammadi-Noori E,
Khan H. Anti-nociceptive and anti-inflammatory activities of the
essential oil isolated from Cupressus arizonica Greene fruits. Korean J
Pain. 2022;35(1):33-42. [CrossRef]

Griffith MP, Bartel SC. A Cypress (Cupressus Arizonica, Cupressaceae) in
Jeff Davis County, Texas? SIDA, contrib bot. 2002:585-592.

Tawfeek N, Fikry E, Mahdi |, et al. Cupressus arizonica greene:
phytochemical profile and cosmeceutical and dermatological properties
of its leaf extracts. Molecules. 2023;28(3):1036. [CrossRef]

Shafaie F, Aramideh S, Valizadegan O, Safaralizadeh MH, Pesyan NN.
GC/MS analysis of the essential oils of Cupressus arizonica Greene,
Juniperus communis L. and Mentha longifolia L. Bull Chem Soc Ethiop
2019:33(3):389-400. [CrossRef]

Mannai Y, Dhahri S, Jama MLB, Hamrouni L. Insecticidal activity of
essential oils of Cupressus arizonica Greene and C. sempervirens L. on
Tortrix viridana (Lepidotera, Tortricidae). World J Biol Biotechnol.
2021;6(1):1-5. [CrossRef]

Emami S, Fakhrjafary M, Tafaghodi M, Hassanzadeh M. Chemical
composition and antioxidant activities of the essential oils of different
parts of Cupressus arizonica Greene. J Essent Oil Res. 2010;22(3):193-
199. [CrossRef]

Khouaja W, Oliveira R, Raies A, Dias ACP. Antifungal activity of the
essential oils from Cupressus arizonica var. arizonica and var. glabra. Ind
Crops Prod. 2015;77:614-623. [CrossRef]

Ismail A, Mancini E, De Martino L, et al. Chemical composition and
biological activities of Tunisian Cupressus arizonica Greene essential oils.
Chem Biodiversity. 2014;11(1):150-160. [CrossRef]


https://doi.org/10.1016/j.bse.2007.05.009
https://doi.org/10.3344/kjp.2022.35.1.33
https://doi.org/10.3390/molecules28031036
https://dx.doi.org/10.4314/bcse.v33i3.1
https://doi.org/10.33865/wjb.006.01.0387
https://doi.org/10.1080/10412905.2010.9700301
https://doi.org/10.1016/j.indcrop.2015.08.026
https://doi.org/10.1002/cbdv.201300191

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

23

Sedaghat MM, Dehkordi AS, Khanavi M, Abai MR, Mohtarami F,
Vatandoost H. Chemical composition and larvicidal activity of essential
oil of Cupressus arizonica EL Greene against malaria vector Anopheles
stephensi Liston (Diptera: Culicidae). Pharmacogn Res. 2011;3(2):135.
[CrossRef]

Patterson JE, McElmeel L, Wiederhold NP. In vitro activity of essential
oils against gram-positive and gram-negative clinical isolates, including
carbapenem-resistant Enterobacteriaceae. Oxford University Press US;
2019:0fz502. [CrossRef]

Gozclh S, Aksit Z, Simsek S, Aksit H. Chemical Composition and
Antimicrobial Activity of Hesperis isatidea (Boiss.) DA German & Al-
Shehbaz Essential Oil. Chem Biodiversity. 2025:e00455. [CrossRef]

Fadli M, Chevalier J, Saad A, Mezrioui NE, Hassani L, Pages JM. Essential
oils from Moroccan plants as potential chemosensitisers restoring
antibiotic activity in resistant Gram-negative bacteria. Int J Antimicrob
Agents. 2011;38(4):325-330. [CrossRef]

Valeriano C, De Oliveira TLC, De Carvalho SM, das Gragas Cardoso M,
Alves E, Piccoli RH. The sanitizing action of essential oil-based solutions
against Salmonella enterica serotype Enteritidis S64 biofilm formation
on AlSI 304 stainless steel. Food control. 2012;25(2):673-677. [CrossRef]
Miyazawa M, Marumoto S, Kobayashi T, Yoshida S, Utsumi Y.
Determination of characteristic components in essential oils from
Wisteria  brachybotrys using gas chromatography-olfactometry
incremental dilution technique. Rec Nat Prod. 2011;5(3):221.

Maia JGS, Andrade EHA, Maria das Gragas BZ. Volatile constituents of
the leaves, fruits and flowers of cashew (Anacardium occidentale L.). J
Food Compos Anal. 2000;13(3):227-232. [CrossRef]

Oliveira DR, Leitao GG, Santos SS, et al. Ethnopharmacological study of
two Lippia species from Oriximind, Brazil. J Ethnopharmacol.
2006;108(1):103-108. [CrossRef]

GOzcl S, Aksit Z, Aksit H, Simsek S, Korkmaz M. Chemical Composition
and Antibacterial Activity of Rosa villosa subsp. mollis R. Keller & Gams.,
Rosa hemisphaerica J. Herrm. and Natural Hybrid Rosa ozcelikii Korkmaz
& Kandemir Essential Oil. Flavour Fragr J. 2026;41(1):58-65. [CrossRef]
Gozclh S, Aksit Z, Aksit H. Antimicrobial Activity and Chemical
Composition of Essential Qil Extracted from Hyoscyamus niger L. Hu Y,
Inflorescence. Erzincan Univ Fen Bilim Enst Derg. 2024;17(3):751-760.
[CrossRef]

GOzcl S, Aksit Z. Chemical composition and antibacterial activity of three
volatile oils extracted from nigella sativa L. seeds. BS/ Health Sci.
2023:6(4):662-666. [CrossRef]

Aksit H, Simsek S, Aydin A, Bayar Y, Alkan M. Chemical Composition and
Bioactivities of Ferulago setifolia K. Koch. Essential Qil: Antifungal,
Insecticidal and Antiproliferative Potential. Flavour Fragr J.
2025:40(4):665-672. [CrossRef]

24.

25.

26.

27.

28

29.

30.

31

32.

33.

34.

35.

36.

37.

Aksit H, BayarY, Simsek S, Ulutas Y. Chemical composition and antifungal
activities of the essential oils of Thymus species (Thymus pectinatus,
Thymus convolutus, Thymus vulgaris) against plant pathogens. J Essent
Oil-Bear Plants. 2022;25(1):200-207. [CrossRef]

Nishio E, Ribeiro J, Oliveira A, et al. Antibacterial synergic effect of honey
from two stingless bees: Scaptotrigona bipunctata Lepeletier, 1836, and
S. postica Latreille, 1807. Sci Rep. 2016;6(1):21641. [CrossRef]
Domingos SCB, Clebis VH, Nakazato G, et al. Antibacterial activity of
honeys from Amazonian stingless bees of Melipona spp. and its effects
on bacterial cell morphology. J Sci Food Agric. 2021;101(5):2072-2077.
[CrossRef]

Gozcl S, Aksit Z, Simsek S, et al. Phytochemical analysis and biological
evaluation of Ferulago setifolia K. Koch. J Sci Food Agric.
2024;104(3):1382-1390. [CrossRef]

. Aalipour H, Nikbakht A, Sabzalian MR. Essential oil composition and total

phenolic content in Cupressus arizonica G. in response to microbial
inoculation under water stress conditions. Sci Rep. 2023;13(1):1209.
Cherrad S, Jaouadi |, Bouyahya A, et al. Phytochemical analysis and study
of antioxidant and antimicrobial activities of two parts of Cupressus
arizonica essential oils. J Food Qual. 2022;2022(1):8629974. [CrossRef]
Al-Mouhajer L, Chabo R, Saab AM, Saade K, Makhlouf H. Antibacterial
activities of essential oils isolated from two species Cupressus arizonica
Greene and Cupressus sempervirens L.(var. horizontalis and
pyramidalis). Eur J Biomed Pharm Sci. 2017;4(12):430-435.
Hosseinihashemi SK, Barzegari F, Baseri H, Barbosa LCA. Powerful
antioxidants within Cupressus arizonica Greene female cones and leaves
essential oil. Nat Prod Res. 2025;39(7):1783-1792. Crossref

Balti S, Mabrouk Y, Amri |, et al. Essential oils from Cupressus arizonica
Greene: chemical composition, antimicrobial and antienzymatic activity.
J Essent Oil Bear Plants. 2026;29:1-20. [CrossRef]

Aloui F, Baraket M, Jedidi S, et al. Chemical composition, anti-radical and
antibacterial activities of essential oils from needles of Pinus halepensis
Mill., P. pinaster Aiton., and P. pinea L. J Essent Oil-Bear Plants.
2021:24(3):453-460. [CrossRef]

Shu H, Chen H, Wang X, et al. Antimicrobial activity and proposed action
mechanism of 3-Carene against Brochothrix thermosphacta and
Pseudomonas fluorescens. Molecules. 2019;24(18):3246. [CrossRef]
HanY, Chen W, Sun Z. Antimicrobial activity and mechanism of limonene
against Staphylococcus aureus. J Food Saf. 2021;41(5):e12918.
[CrossRef]

Vuuren Sy, Viljoen AM. Antimicrobial activity of limonene enantiomers
and 1, 8-cineole alone and in combination. Flavour Fragr J.
2007;22(6):540-544. [CrossRef

Moo CL, Yang SK, Osman MA, et al. Antibacterial activity and mode of
action of B-caryophyllene on Bacillus cereus. Pol J Microbiol.
2020;69(1):49. [CrossRef]


https://doi.org/10.1093/ofid/ofz502
https://doi.org/10.1002/cbdv.202500455
https://doi.org/10.1016/j.ijantimicag.2011.05.005
https://doi.org/10.1016/j.foodcont.2011.12.015
https://doi.org/10.1006/jfca.2000.0894
https://doi.org/10.1016/j.jep.2006.04.018
https://doi.org/10.1002/ffj.70028
https://doi.org/10.18185/erzifbed.1522296
https://doi.org/10.19127/bshealthscience.1318520
https://doi.org/10.1002/ffj.3859
https://doi.org/10.1080/0972060X.2022.2043189
https://doi.org/10.1038/srep21641
https://doi.org/10.1002/jsfa.10828
https://doi.org/10.1002/jsfa.13017
https://doi.org/10.1155/2022/8629974
https://doi.org/10.1080/0972060X.2025.2595516
https://doi.org/10.1080/0972060X.2021.1943541
https://doi.org/10.3390/molecules24183246
https://doi.org/10.1111/jfs.12918
https://doi.org/10.1002/ffj.1843
https://doi.org/10.33073/pjm-2020-007

