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Abstract

Antibiotics misused lead to the emergence of resistant isolates, making most drugs
less effective. Therefore, several alternative antimicrobial compounds have been
explored, such as essential oils from medicinal plants. Essential oils of two medicinal
plants, Cupressus sempervirens and Fucalyptus, were used to evaluate their
antibacterial effects with Ciprofloxacin against Staphylococcus aureus, as a Gram-
positive bacterium, and Escherichia coli O157:H7, as a Gram-negative bacterium, that
were obtained from an M.Sc. student in the biology department who isolated them
from urinary tract infections. Identification of isolates was confirmed by some
biochemical tests and the VITEK-2 Compact system. The toxicity effect of the
essential oil of Cupressus sempervirens appears to have lower toxicity at 2500 ppm;
its hemolysis per cent was 2.6%, while Eucalyptus essential oil was 100% at the same
concentration. Cupressus sempervirens essential oil showed a higher antibacterial
effect against E. coli with MIC=5000 ppm than Fucalyptus essential oil, which gave
MIC=20000 ppm. All combinations of essential oils with Ciprofloxacin showed a
synergistic effect, killing bacteria in all prepared concentrations. The essential oil of
Cupressus sempervirens showed slightly lower activity against S. aureus, with the
MIC of (10000 ppm), while Eucalyptus essential oil showed the same effect against
E. coli. Generally, combinations showed slightly lower effects than those against .
coli.

Keywords: Escherichia coli O157:H7, Staphylococcus aureus, Cupressus
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1. Introduction

Plant components, such as volatile oils and some oils collectively named essential oils, are
active biological compounds against several species of bacteria, including Staphylococci and
colon bacteria. The most common Gram-negative bacterium, Escherichia coli, has developed
different resistance mechanisms against various antimicrobial components, including
antibiotics, especially those that inhibit the gyrase and topoisomerase enzymes, such as
Ciprofloxacin, and those that inhibit cell wall synthesis, carbapenems, which are often used in
emergency cases. The ability of bacteria to acquire resistance genes, leading to the formation
of resistance isolates, and transfer them through plasmids and other processes of gene
transformation [1]. Staphylococcus aureus, especially Methicillin-resistant Staphylococcus
aureus (MRSA), has become a big problem due to its resistance to antibiotics such as
methicillin and other groups of antibiotics, such as B-lactam antibiotics [2]. Urinary tract
infections (UTIs) are a common health issue in Iraq and the world, which can be caused by
different microbial agents. However, E. coli is the main responsible agent for UTIs, followed
by other agents such as Klebsiella pneumoniae, Enterococcus faecalis, Proteus mirabilis,
Staphylococcus saprophyticus, Pseudomonas aeruginosa, and others[3-5].
Staphylococcus aureus causes several diseases, including infections of the dermis, sepsis, and
pneumonia; however, treatment can be complicated due to antibiotic resistance. Strains of
bacteria that exhibit high resistance to antibiotics may lead to epidemic waves as a result of
methicillin resistance [6]. E. coli is a member of Enterobacteriaceae that colonizes the colon as
normal flora, but some strains, especially E. coli O157:H7[7], cause pain in the stomach,
diarrhea, vomiting, and nausea in persons with a normal immune system and who are taking
immunosuppressant drugs. Misuse and overuse of drugs (antibiotics), including not completing
or a full course of antibiotic treatment and inappropriate prescriptions, accelerate and prepare
conditions for the emergence of drug-resistant isolates or strains that have resistance to
antimicrobial compounds in both pathogenic and commensal strains of bacteria. The
distribution of bacterial isolates with high resistance traits leads to an emergence situation for
the health of communities, which makes illnesses more complicated, increases drug costs, and
death rates. Food pathogenic strains, especially during food manufacturing, also contribute to
this issue, posing a threat to public health [8,9].
Plant oils, especially essential oils, have been used for several years as protective agents against
the pathogenic effects of bacteria. Essential plant oils possess several characteristics that render
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them beneficial against bacteria, including antimicrobial effects and high antioxidant content
[10]. Moreover, they are appropriate for creating antimicrobial compounds without side effects
[11]. Researchers try different ways to examine their antimicrobial effect or anti-inflammatory
properties. Some essential oils have traits that make them safe and effective antioxidant extracts
[12]. Several benefits have been obtained from using natural alternative compounds, such as
essential oils, in the medical field, which can help cure some cases and alleviate pain [13].
Antibiotics, essential oils, and some other compounds are represented as secondary metabolites
and are produced during the stationary phase, and play a role in the defense and
competition[ 14].

Essential oils represent only a tiny amount of the total mass of a plant, but they have crucial
roles in the distinctive properties of the plant's aromatic traits. They are composed of many
substances that have biological activity. The most important compounds were sesquiterpenes
and monoterpenes, while ketones, phenols, and aldehydes represented oxygenated compounds.
Esters and ethers can also be found in large quantities. All these compounds enhance the
essential oils' odor and taste. They are considered available, safe substances with antimicrobial
activity, compounds with fewer side effects. They have shown higher effects and efficacy than
bench-used antimicrobial substances[15].

Cupressus is a plant (evergreen) that contains some oils (essential oils) in its aroma. It is
most used to treat diabetes, laryngitis, toothache, and inflammation. Cupressus has been used
extensively to treat flu, colds, and other diseases. Several parts of the Cupressus plant body
have beneficial effects in the medical field, for example, the leaves for stomach pain and
diabetes, dried fruit for laryngitis, and the branches of Cupressus used as an antiseptic [16].
Another aromatic plant widely used worldwide is the Eucalyptus species, which are distributed
in Australia, and have very important roles in paper and wood production [6]. Plantations of
Eucalyptus occupy approximately 5.7 million hectares of Brazil, the largest country in South
America [7], and play a vital role in the country's economic situation [17]. Some substances
with therapeutic effects are found in the Eucalyptus plant, including essential oils and limonene
[8]. Eucalyptus products (essential oils) have been noticed to have antibacterial action against
S. aureus and E. coli bacteria, indicating that the Eucalyptus essential oil can be prepared as an
alternative antibiotic for several diseases caused by these two bacteria [18]. Researchers have
noted that 1,8-cineole, which is represented as a primary compound of Eucalyptus, may be
responsible for therapeutic action [19].

2. Materials and Methods
Test Isolates

Two isolates from urinary tract infection cases were used as test isolates, obtained from the
Department of Biology, College of Science, University of Baghdad. The isolates belonged to
the Staphylococcaceae family, Gram-positive member, S. aureus, and the Enterobacteriaceae
family, the Gram-negative member, E. coli O157:H7.

The isolates were reidentified by being cultivated on 4-methylumbelliferyl-B-D-glucuronide
nutrient agar (MUG), MacConkey Agar, Eosin Methylene Blue (EMB) agar, and selective
media for Staphylococcus (Mannitol salt agar), and then incubated for 24 hours at 37°C. After
that, bacteria were identified using the Gram stain method and microscopic examination.
Biochemical tests were conducted to continue the identification process, and catalase, indole,
methyl red, and lactose fermentation tests were performed. Moreover, isolate identification was
confirmed by the VITEK 2 compact system.



Rasheed Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx

Antibiotic resistance test

The VITEK-2 compact system performed antibiotic resistance tests on isolates to confirm
that they were multidrug-resistant. The Antibiotic Susceptibility Card Types used AST—P515
for Staphylococcus aureus, while AST—NO10 was used for Gram-negative bacteria (E. coli
O157:H7).
Collection of plant samples

Plant samples included the aerial parts of Cupressus sempervirens, purchased from the local
market, and leaves of Eucalyptus, collected from the gardens of Baghdad University during
March and April. Cleaning of plants was the first step, then washed with water (tap water),
dried at 25°C (RT), and kept in appropriate conditions that were ready for later experiments.

Preparation of Essential Oil of Cupressus sempervirens and Eucalyptus

For the extraction of essential oils, 200 grams of dried Eucalyptus leaves and the petals of
Cupressus sempervirens were used, employing the steam distillation method (Cleavinger). The
leaves of Eucalyptus and the petals of Cupressus sempervirens were mixed with D.W (1.2 L)
and boiled for three hours; the essential oil was stored at 4°C until use [20,21]. The extraction
procedure is replicated twice to obtain the required quantity for the subsequent tests.

Hemolysis assay

Fresh human blood was obtained from a blood bottle, then red blood cells (RBCs) were
separated using a heparin tube, and the RBCs were washed three times with normal saline (0.9%
NaCl) using a centrifuge (3000 rpm for 15 min). Then the RBC was prepared as a stock solution
by using normal saline. 100 pL of the stock solution was mixed with 900 puL of normal saline
containing Fucalyptus or Cupressus sempervirens essential oil in different concentrations
(20000, 10000, 5000, 2500, 1250, and 625 ppm), and incubated for three hours at 37 °C. The
different mixtures were centrifuged for 16 min at 10000 rpm. The supernatant was isolated
from precipitated RBC, and its absorbance (AS) was determined at 540 nm. Distilled water is
used as a positive control (AP) while normal saline is used as a negative control (AN). The rate
of hemolysis (HR %) was calculated using the following equation [22]:
Hemolysis (%) = (AS(sample) — AN(saline))/(AP(D.W.) — AN(saline)) x100%
AS = sample absorbance
AN = negative control absorbance
AP = positive control absorbance

Antimicrobial effect of essential oils alone and in combination with antibiotics

Stock solution of essential oil

Microdilution assay: One hundred pl of bacterial suspension standardized according to the
MacFerland tube (No. 0.5) was inoculated in double-strength nutrient broth with different
concentrations of essential oil starting from the concentration 40000 ppm (v/v) by adding forty
microliters of the absolute extract of Eucalyptus or Cupressus sempervirens essential oil to 950
microliters of nutrient broth and 10 pl of Tween 80 as an emulsifier, then diluting to 20000,
10000, 5000, 2500, 1250, and 625 ppm (v/v). Negative control tubes contained broth only,
while positive control tubes contained bacteria and broth. All concentrations and control tubes
were incubated in the dark at 37 °C for 24 hours.

Then, combinations with antibiotics were prepared at the same different concentrations.
Then, the combination of all three substances (Cupressus sempervirens, Eucalyptus essential
oils, and Ciprofloxacin) was prepared by mixing equivalent concentrations.
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Results and Discussions
Confirmation of Escherichia coli and Staphylococcus aureus identification

Confirmatory tests were used for E. coli obtained from a Master student in the biology
department, and the identification of the isolates was based on the cultural characteristics of
three different selective and differential media for E. coli. Isolates appeared on MacConkey
agar as pink colonies, on EMB agar as green metallic sheen (Figure 1), and on MUG nutrient
agar as fluorescence colonies under the UV illuminator system.

The preliminary culturing results for the isolates agreed with the identification result
obtained using the VITEK 2 compact system.
Staphylococcus aureus appears as golden colonies on the Mannitol salt agar medium, which
differentiates it from other Staphylococcus species. Identification of isolates was confirmed by
the VITEK 2 compact system (Figure 1).

Figure 1: Preliminary identification of test isolates: A: E. coli on MacConkey agar. B: E. coli
on EMB agar. C: S. aureus on nutrient agar

Toxicity of essential oil

The different essential oil concentrations exhibited a gradual effect on RBC (Table 1),
particularly with Cupressus sempervirens, which still had a low impact at 5000 ppm. In
comparison, Eucalyptus caused complete RBC lysis at a concentration of 2500 ppm (Figure 2).
Alnaji et al. showed that when people swallow a small amount of Eucalyptus essential oil, their
hematological parameters increase: white blood cells increase, while RBCs, hemoglobin, and
blood platelets decrease [23]. Bushra et al. reported that Eucalyptus essential oil caused 68.77%
RBC lysis at a concentration of 500 mg/ml [24].

Cupressus essential oil (ppm.) Control(-)  control(+) Eucalyptus essential oil (ppm.)

40000 20000 10000 5000 2500 1250 625  Saline D.W. 40000 20000 10000 5000 2500

Figure 2: Hemolysis by essential oils of Eucalyptus and Cupressus.

Day et al. found that Eucalyptus essential oil was one of the causative agents that correlated
with poisoning incidence in the hospitals among children under five years old in the USA.
Several cases were noted to involve vaporiser solutions, as well as many products that contain
Eucalyptus essential oil preparations and other Eucalyptus-essential oil-containing medicinal
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products. About Cupressus sempervirens oil, some researchers revealed that it had the lowest
toxicity, compared to the other Cupressus sempervirens plant parts extract, especially
methanolic extracts, which had the highest toxic effect detected at 10000 pg/mL against Caco2
cell lines [25].

Galovicova et al mentioned that cell viability testing of Cupressus sempervirens essential oil
has no effects on the MRC-5 cell line. [26]

Table 1: Hemolysis % of Eucalyptus and Cupressus essential oils

Hemolysis %
Concentrations(ppm)
Eucalyptus essential oil Cupressus sempervirens essential oil.

40000 43.95 75.4
20000 75.9 72.5
10000 94 67.3
5000 98.8 13.8
2500 100 2.6

1250 36 24

625 4.7 2.3

Antimicrobial effect of Cupressus sempervirens, Eucalyptus essential oil, and Ciprofloxacin
combinations against E. coli O157:H7

Eucalyptus essential oil alone has not shown a strong effect, as it kills bacteria only at a high
concentration of 20,000 ppm, while lower concentrations have no effect. Cupressus essential
oil showed a higher effect, killing bacteria at a concentration of 5000 ppm. Ciprofloxacin
showed an MIC of 1250 ppm. All combinations (Cupressus sempervirens essential oil with
Ciprofloxacin, Eucalyptus essential oil with Ciprofloxacin and Cupressus sempervirens,
Eucalyptus essential oil, and Ciprofloxacin) showed the synergetic effect that kills at all
concentrations (Table 2).

Dhaouadi ef al., mentioned that the effect of Cupressus sempervirens essential oil on E. coli
ranged from 170 to 515 ng/ml, while the effect of Eucalyptus essential oil ranged from 53.33
to 512 pg/ml. The researcher also demonstrated an increasing synergistic effect between
Cupressus essential oil and Colistin against isolates that represent colistin-resistant, such as E.
coli, with a decrease in concentration ranging from fractional inhibitory concentration index
(FICI) 3 to 32-fold lower than the MICs when the compounds were used individually [27].

Cupressus sempervirens essential oil showed a low MIC (50) against Yersinia
enterocolitica and Salmonella enterica. At the same time, intermediate MIC values were
observed for Candida glabrata and the bacteria that produced biofilm, such as Salmonella
enterica. High MIC values were observed for Bacillus subtilis, Pseudomonas
aeruginosa, Enterococcus faecalis, Staphylococcus aureus, and Candida albicans[26].
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Table 2: Effect of Eucalyptus, Cupressus sempervirens essential oil, and Ciprofloxacin on E.
coli O157:H7

Eucaly
Encal Cupre prus,
Euca ?nés Ciprof ss;rg Cupr e
. ) an . an 5515,
Ppmiviv) {1;;::; Cipro loxaci Cipro es:u and
flxaci fixaci Ciprof
n n loxaci
n
20000 - - - - - -
10000 + - - - - -
5000 + - - - - -
2500 + - - - + -
1250 + - - - + -
625 + - + - + -
Control -ve
+ : there is growth - :there isno growth ) B ) B B B
Control +ve + + + + + +

Antimicrobial effect of Cupressus sempervirens, Eucalyptus essential oil, and Ciprofloxacin
combinations against Staphylococcus aureus

Eucalyptus essential oil alone has not shown a strong effect, as it kills bacteria at a concentration
of 20,000 ppm only, while lower concentrations have no effect. Cupressus sempervirens
essential oil showed a higher effect, killing bacteria at a concentration of 10000 ppm.
Ciprofloxacin showed an MIC of 5000 ppm. All combinations (Cupressus sempervirens
essential oil with Ciprofloxacin, Eucalyptus essential oil with Ciprofloxacin, and Cupressus
sempervirens, Eucalyptus essential oil, and Ciprofloxacin) showed the synergetic effect that
kills at lower concentrations (Table 3). But it can be noticed that the three compounds together
have a slightly lower impact than other combinations. It showed MIC at 2500 ppm. While other
combinations showed MIC at 1250 ppm, generally, there are no combinations of compounds
that affect S. aureus at 625 ppm. In contrast to E. coli, which was killed at 625 ppm with the
same compounds or combinations

Table 3: Effect of Fucalyptus, Cupressus sempervirens essential oil, and Ciprofloxacin on
Staphylococcus aureus

Eucalyptus Cupressus g uca;yp tus,

ppm(v/v) | Eucalyptus and Ciprofloxacin and Cupressus ucalyptus,

Ciprofloxacin Ciprofloxacin . and .

Ciprofloxacin
20000 - - _ : n -
10000 + - N ; a -
5000 + - N ; n -
2500 + - T N n -
1250 + - T ; " "
625 + + + n n "
Control -ve - - - - - -
Control + . R . N .
+ve

Pseudomonas aeruginosa, S.

aureus, and E. faecalis appeared as resistant to the antimicrobial

activity of Cupressus essential oil (zone of inhibition of 4.33 = 1.15 mm, 2.67 + 0.58 mm, and
1.00 = 0.00 mm, respectively), the agar microdilution method was more efficient against
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biofilm-producing bacteria and Gram-positive bacteria compared to the disk diffusion
method[26].

Cui et al., mentioned that the MIC (v/v%) of Eucalyptus essential oils the same (0.313) against
E. coli and Staphylococcus, while the optimum concentration was 12.50 against E. coli and
1.56 against S. aureus, Cupressus essential oil showed the same effect with the same
concentration against E. coli, but it exhibited the effect at 1.250 against S. aureus, optimum
concentrations were 6.25 against E. coli and 25 against Staphylococcus. Combinations of
essential oils from Eucalyptus and Cupressus, prepared with different antibiotics, exhibited
varying effects; however, most of them increased the inhibition zone [27, 28].

Farsi and Alaidaroos revealed that Eucalyptus essential oil had antibacterial activity against
different bacteria, such as MRSA, with diameters of inhibition zones of 11.33+0.66 mm, and it
showed antibacterial effect against E. coli with the diameter inhibition zone of 6.834+0.16 mm.
The highest activity was found against MRSA, whilst the least antibacterial activity appeared
with E. coli [29].

Akermi and coworkers used Cupressus sempervirens essential oil to screen for its antibacterial
activity against four bacterial strains (S. aureus, Listeria monocytogenes, Salmonella
typhimurium, and E. coli). Cupressus sempervirens essential oil showed antibacterial activity
against the four tested bacteria, with inhibition zones of 21 mm against S. aureus and Listeria
monocytogenes, while it exhibited a 1 5Smm inhibition zone against Salmonella typhimurium and
E. coli. The obtained MIC values indicated that Cupressus sempervirens essential oil was most
effective against Gram-positive bacteria (MICs = 6.25 pg/mL) than Gram-negative bacteria
[30].

Conclusions

Interesting results were obtained that should prompt us to consider the side effects of natural
compounds, such as essential oils, particularly in terms of their safety in use and the sensitivity
of RBCs. Essential oils increase activity against pathogenic bacteria, but this should be
accompanied by selecting the safe and appropriate concentrations. This approach will decrease
the dependence on antibiotics alone and will provide, as an alternative, natural compounds that
can be used for therapeutic applications with lower side effects. The current findings pave the
way for several combinations between the essential oils themselves and antibiotics.

Acknowledgement
Exceptionally appreciative to Dr. Ibrahim Abed for the help in the extraction of essential oil
of the plant, and grateful, also grateful to Atika Ali for providing me the test isolates

Conflict of interest
None

References

[1] G.Y.C. Cheung, J. S. Bae, and M. Otto, “Pathogenicity and virulence of Staphylococcus aureus,”
Virulence, vol. 12, pp. 547-569, 2021.

[2] T.A.T. Gomes, W. P. Elias, I. C A Scaletsky, B. E C Guth, J. F Rodrigues, R. M F Piazza, L. C S
Ferreira, and M.B. Martinez, “Diarrheagenic Escherichia coli,” Brazilian Journal of Microbiology,
vol. 47, pp. 3-30, 2016. doi:10.1016/j.bjm.2016.10.015.

[3] H.S. Auhim and N.H. Odaa, “Molecular detection and the frequency of a pore-forming toxin in
Enterococcus faecalis isolated from urinary tract infections,” Microbes and Infectious Diseases,
vol. 6, no. 2, pp. 948-956, 2025. doi: 10.21608/mid.. 2024.324353.2252.


https://pubmed.ncbi.nlm.nih.gov/?term=Cheung+GYC&cauthor_id=33522395
https://pubmed.ncbi.nlm.nih.gov/?term=Bae+JS&cauthor_id=33522395
https://pubmed.ncbi.nlm.nih.gov/?term=Otto+M&cauthor_id=33522395
https://pubmed.ncbi.nlm.nih.gov/?term=Gomes+TA&cauthor_id=27866935
https://pubmed.ncbi.nlm.nih.gov/?term=Elias+WP&cauthor_id=27866935
https://pubmed.ncbi.nlm.nih.gov/?term=Scaletsky+IC&cauthor_id=27866935
https://pubmed.ncbi.nlm.nih.gov/?term=Guth+BE&cauthor_id=27866935
https://pubmed.ncbi.nlm.nih.gov/?term=Rodrigues+JF&cauthor_id=27866935
https://pubmed.ncbi.nlm.nih.gov/?term=Piazza+RM&cauthor_id=27866935
https://pubmed.ncbi.nlm.nih.gov/?term=Ferreira+LC&cauthor_id=27866935
https://pubmed.ncbi.nlm.nih.gov/?term=Ferreira+LC&cauthor_id=27866935
https://pubmed.ncbi.nlm.nih.gov/?term=Martinez+MB&cauthor_id=27866935

Rasheed Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx

[4] D.K. Govindarajan and K. Kandaswamy, “Virulence factors of uropathogens and their role in host-
pathogen interactions,” Cell surface, vol. 8, p. 100075, 2022.
https://doi.org/10.1016/j.tcsw.2022.100075.

[S] N.H. Odaa and H.M. Rasheed, “Distribution of cytotoxic necrotizing factor type 1 in clinical
isolates of Escherichia coli isolated from urinary tract infections in Iraq,” Microbial Biosystems,
vol. 10, no. 1, pp. 33-38, 2025.

[6] L.W.Rily, “Extraintestinal foodborne pathogens,” Annual Review of Food Science and Technology,
vol. 11, pp.275-294, 2020. doi:10.1146/annurev-food-032519-051618.

[7] S.E. Haramain and S. O. Yagoub,“Antimicrobial susceptibility and detection of virulence genes
of Escherichia coli O157: H7 isolated from leafy green vegetables,” European Journal of Biology
and Biotechnology, vol. 2, no. 3, pp. 70-74, 2021. https://doi.org/10.24018/ejbi0.2021.2.3.206.

[8] K. Imre, A. Ban-Cucerzan, V. Herman, K. I. Sallam, R. T. Cristina, S. M. Abd-Elghany, D. Morar,
S. A. Popa, M. Imre, and A. Morar, “Occurrence, Pathogenic Potential and Antimicrobial
Resistance of Escherichia coli Isolated from Raw Milk Cheese Commercialized in Banat Region,
Romania,” Antibiotics, vol. 11, pp. 721-731, 2022. https://doi.org/10.3390/antibiotics11060721.

[9] A. Morar, A. Ban-Cucerzan ,V Herman ,E Tirziu ,K. I. Sallam, S. M. Abd-Elghany, and K. [.K.
Imre, “Multidrug-Resistant Coagulase-Positive Staphylococcus aureus and Their Enterotoxins
Detection in Traditional Cheeses Marketed in Banat Region, Romania,” Antibiotics, vol. 10, pp.
1458-1473, 2021. doi:10.3390/antibiotics10121458.

[10] C. G. da Rosaa, A. P. Z. de Meloa, W. G. Sganzerlac, M. H. Machadoa, M. R. Nunesc, M. V. de O.
B. Maciela, F. C. Bertoldid, and P. L. M. Barreto, “Application in situ of zein nanocapsules loaded
with Origanum vulgare Linneus and Thymus vulgaris as a preservative in bread,” Food
Hydrocolloids, vol. 99 p. 105339, 2020. doi:10.1016/j.foodhyd.2019.105339.

[11] A. Taglienti, L. Donati, L. Ferretti, L. Tomassoli, F. Sapienza, M. Sabatino, G. Di Massimo, S.
Fiorentino, V. Vecchiarelli, P. Nota, and R. Ragno, “In vivo Antiphytoviral Activity of Essential
Oils and Hydrosols From Origanum vulgare, Thymus vulgaris, and Rosmarinus officinalis to
Control Zucchini Yellow Mosaic Virus and Tomato Leaf Curl New Delhi Virus in Cucurbita pepo
L,” Frontier in Microbiology, vol. 13, p. 840893, 2022.
https://doi.org/10.3389/fmicb.2022.840893.

[12] A. P. Z. de Melo, M. V. de O. B. Maciel, W. G. Sganzerla, A. da R. Almeida, R. D. de Armas, M.
H. Machado, C. G. da Rosa, M. R. Nunes, F. C. Bertoldi, and P. L. M. Barreto, “Green synthesis,
characteristics, and antimicrobial activity of silver nanoparticles mediated by essential oils as
reducing agents,” Biocatalysis and Agricultural Biotechnology, vol. 28, p. 101746, 2020.
https://doi.org/10.1016/j.bcab.2020.101746.

[13] A. Brosset andJ. D. Blande,“Volatile-mediated plant-plant interactions: Volatile organic
compounds as modulators of receiver plant defence, growth, and reproduction,” Journal of
Experimental Botany, vol. 73, pp. 511-528, 2022. doi: 10.1093/jxb/erab487.

[14] N. J. Sadgrove, G. F. Padilla-Gonzalez, O. Leuner, I. Melnikovova, and E. Fernandez-Cusimamani,

[15] “Pharmacology of Natural Volatiles and Essential Oils in Food, Therapy, and Disease Prophylaxis,”
Frontiers in pharmacology, vol. 12, p. 740302, 2021. https://doi.org/10.3389/fphar.2021.740302.

[16] M, Cano-Lamadrid, M, Viuda-Martos, J. M. Garcia-Garvi, J. Clemente-Villalba, A, A. Carbonell-
Barrachina, and E Sendra, “Polyphenolic Profile and Antimicrobial Potential of Peel Extracts
Obtained from Organic Pomegranate (Punica granatum L.) Variety,“ Mollar De Elche,” Acta
Horticulturae et Regiotecturae. vol. 23, Issu 1, pp. 1-4, 2020. 10.2478/ahr-2020-0001.

[17] R. M. Harfouch, A. Barakat, F. Chouman, Y. Elshimali, and S. Latakia," Antibacterial Effect of
Essential Oil Extracted from Cupressus macrocarpa Leaves Against Several Bacterial
Strains," Annals of Clinical Reviews and Case Reports. vol. 1, no. 1, pp. 1-3, 2022.

[18] N. Sembiring, H. L. Napitupulu, M. T. Sembiring, A. Ishak, and H. A. Gunawan, “Fulfilling
Eucalyptus raw materials for pulp and paper production plants,” IOP Conference Series: Earth and
Environmental Science, vol. 912, pp. 1-5,2021. DOI 10.1088/1755-1315/912/1/012008.

[19] V. D. S. S. De Amorim, K. M. S. Monteiro, G. O. Sousa, J. F. Damascena, J. A. Pereira, and W. D.
S. Moraes, "The environmental benefits of Fucalyptus planting: literature review."Agrarian and
Biological Sciences, vol. 10, no. 11, pp. 1-5, 2021. doi: https://doi.org/10.33448/rsd-v10i11.19604.


https://pubmed.ncbi.nlm.nih.gov/?term=Taglienti+A&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Donati+L&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Ferretti+L&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Tomassoli+L&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Sapienza+F&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Sabatino+M&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Di+Massimo+G&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Fiorentino+S&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Fiorentino+S&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Vecchiarelli+V&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Nota+P&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Ragno+R&cauthor_id=35547120
https://pubmed.ncbi.nlm.nih.gov/?term=Brosset+A&cauthor_id=34791168
https://pubmed.ncbi.nlm.nih.gov/?term=Blande+JD&cauthor_id=34791168
https://pubmed.ncbi.nlm.nih.gov/?term=Sadgrove+NJ&cauthor_id=34744723
https://pubmed.ncbi.nlm.nih.gov/?term=Padilla-Gonz%C3%A1lez+GF&cauthor_id=34744723
https://pubmed.ncbi.nlm.nih.gov/?term=Leuner+O&cauthor_id=34744723
https://pubmed.ncbi.nlm.nih.gov/?term=Melnikovova+I&cauthor_id=34744723
https://pubmed.ncbi.nlm.nih.gov/?term=Fernandez-Cusimamani+E&cauthor_id=34744723

Rasheed Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx

[20] A. P. S. Silva and S. T. Coelho, “Biomass residues from sustainable forest management in Brazil,”
in Proceedings of the European Biomass Conference and Exhibition Proceedings,” Brazil vid Based
Complementary and Alternative Medicine, vol. 28, pp.1-7, 2023.doi: 10.1155/2023/2582698.

[21] I. J. Abed, A. R. Hussein, G. A. Abdulhasan, and A. N. Dubaish, "Microbiological effect of
lemongrass Cymbopogon citratus and spearmint Mentha spicata essential oils as preservatives and
flavor additives in yogurt," Iraqi Journal of Science, vol. 3, pp. 2839-2849, 2022.

[22] R. S. Augul, H. H. Al-Saffar, and 1. J. Abed, “Evaluation of the Effect of Some Plant Extracts in
Controlling the Oriental Hornet Vespa orientalis Linnaeus, 1771 Near the Apiaries,” 4th
International Agricultural Conference IOP Conf. Series: Earth and Environmental Science. pp. 1-
8,2023. (IAC-2023) doi 10.1088/1755-1315/1213/1/012016.

[23] X. Yang,J. Yang, L. Wang, B. Ran, Y. Jia, L. Zhang, G. Yang, H. Shao, and X. lJiang,
“Pharmaceutical Intermediate-Modified Gold Nanoparticles: against multidrug-resistant bacteria
and wound-healing application via an electrospun scaffold," ACS nano , vol.11, no. 6, pp. 5737-
5745, 2017. https://doi.org/10.1021/acsnano.7b01240.

[24] Z. M. Alnaji and A. K. Ali, "Histological and hematological study of Eucalyptus oil in the
respiratory tract of mice," Iranian Journal of Ichthyology. vol, 8, pp. 397-411, 2021.
https://doi.org/10.22034/iji.v8i0.737.

[25] B. Arooj, S. Asghar, M. Saleem, S. H. Khalid, M. Asif, T. Chohan, I. U. Khan, H. M. Zubair, and
H. S. Yaseen, "Anti-inflammatory mechanisms of eucalyptol-rich Eucalyptus globulus essential oil
alone and in combination with flurbiprofen," Inflammopharmacology, vol. 31, No. 4, pp. 1849-
1862, 2023. https://doi.org/10.1007/s10787-023-01237-6.

[26] N. A. Azzaz, S. S. Hamed, and T. A. Kenawy, "Chemical studies on cypress leaves (Cupressus
sempervirens) and their activity as antimicrobial agents," Al-Azhar Journal of Agricultural
Research, vol. 44, no. 2, pp. 100-109, 2019. https://doi.org/10.1155/2022/8629974.

[27] L. Galovi¢ova, N. Cmikova, M. Schwarzova, M. D. Vukic, N. L. Vukovic, P. £. Kowalczewski, L.,
Bakay, M. 1., Kluz, C., Puchalski, and D. Obradovic, "Biological activity of Cupressus
sempervirens  essential  oil." Plants, vol. 12, no. 5, pp. 1097-1109, 2023.
https://doi.org/10.3390/plants12051097.

[28] S. Dhaouadi, S. K. B. Ghorbel, W. Bouglita, S. Chaari, W. Dhifi, R. Khrouf, A. Cherif, and R. B.
Elandoulsl, “The potency of Cupressus sempervirens and Eucalyptus globulus Essential Oils
Against Antibiotic-Resistant Escherichia coli and Mammalisticoccus sciuri from Diseased Animals
in Tunisia,” Current Microbiology, vol. 82, no. 1, pp. 14-27, 2025. doi:10.1007/s00284-024-
03981-6.

[29] Z. H. H. Cui, W. Shuai-Bin, D. Chun-Liu, L. Si-Ya, S. Ti-Jiang, F. X. Liang-Xing, Y. L. Liao,
and S. Jian, "Rapid screening of essential oils as substances which enhance antibiotic activity using
a modified well diffusion method," Antibiotics, vol. 10, No. 4, p. 463, 2021.

[30] R. Farsi and B. Alaidaroos, "Antibacterial Activity of Eucalyptus Essential Qil loaded on Silica
Dioxide Nanoparticles (SiNPs) Against Some Pathogenic Bacteria," International Journal of
Pharmacy Phytopharm, vol. 12, pp. 29-37, 2022.

[31] S. Akermi, S. Slim, E. Khaoula, F. Mariam, L. Nacim, C. Moufida, C. M. Ahlem, B. Aissette,
M. Saber, and M. Lotfi, "Cupressus sempervirens essential oil: exploring the antibacterial
multitarget mechanisms, chemcomputational toxicity prediction, and safety assessment in zebrafish
embryos," Molecules, vol. 27, n0. 9, p. 2630, 2022. https://doi.org/10.3390/molecules27092630


https://pubmed.ncbi.nlm.nih.gov/?term=Yang+X&cauthor_id=28531351
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+J&cauthor_id=28531351
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+L&cauthor_id=28531351
https://pubmed.ncbi.nlm.nih.gov/?term=Ran+B&cauthor_id=28531351
https://pubmed.ncbi.nlm.nih.gov/?term=Jia+Y&cauthor_id=28531351
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+L&cauthor_id=28531351
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+G&cauthor_id=28531351
https://pubmed.ncbi.nlm.nih.gov/?term=Shao+H&cauthor_id=28531351
https://pubmed.ncbi.nlm.nih.gov/?term=Jiang+X&cauthor_id=28531351
https://pubmed.ncbi.nlm.nih.gov/?term=Arooj+B&cauthor_id=37179510
https://pubmed.ncbi.nlm.nih.gov/?term=Asghar+S&cauthor_id=37179510
https://pubmed.ncbi.nlm.nih.gov/?term=Saleem+M&cauthor_id=37179510
https://pubmed.ncbi.nlm.nih.gov/?term=Khalid+SH&cauthor_id=37179510
https://pubmed.ncbi.nlm.nih.gov/?term=Asif+M&cauthor_id=37179510
https://pubmed.ncbi.nlm.nih.gov/?term=Chohan+T&cauthor_id=37179510
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+IU&cauthor_id=37179510
https://pubmed.ncbi.nlm.nih.gov/?term=Zubair+HM&cauthor_id=37179510
https://pubmed.ncbi.nlm.nih.gov/?term=Yaseen+HS&cauthor_id=37179510
https://journals.ekb.eg/?_action=article&au=232609&_au=N.+A.+Azzaz
https://journals.ekb.eg/?_action=article&au=232610&_au=S.+S.+Hamed
https://journals.ekb.eg/?_action=article&au=149704&_au=Talaat+A.+Kenawy
https://pubmed.ncbi.nlm.nih.gov/?term=Dhaouadi+S&cauthor_id=39592457
https://pubmed.ncbi.nlm.nih.gov/?term=Ghorbel+SKB&cauthor_id=39592457
https://pubmed.ncbi.nlm.nih.gov/?term=Bouglita+W&cauthor_id=39592457
https://pubmed.ncbi.nlm.nih.gov/?term=Chaari+S&cauthor_id=39592457
https://pubmed.ncbi.nlm.nih.gov/?term=Dhifi+W&cauthor_id=39592457
https://pubmed.ncbi.nlm.nih.gov/?term=Khrouf+R&cauthor_id=39592457
https://pubmed.ncbi.nlm.nih.gov/?term=Cherif+A&cauthor_id=39592457
https://pubmed.ncbi.nlm.nih.gov/?term=Elandoulsi+RB&cauthor_id=39592457
https://pubmed.ncbi.nlm.nih.gov/?term=Elandoulsi+RB&cauthor_id=39592457

