
R E S E A R C H Open Access

© The Author(s) 2026. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

Hashad et al. BMC Complementary Medicine and Therapies          (2026) 26:165 
https://doi.org/10.1186/s12906-026-05376-5

BMC Complementary 
Medicine and Therapies

†Nashwa Hashad and Hanan G. Sary contributed equally to this work.

*Correspondence:
Nashwa Hashad
nashwa.elsayed@pharm.helwan.edu.eg

Full list of author information is available at the end of the article

Abstract
Background  Salvia fruticosa (Lamiaceae) is traditionally used to treat gastrointestinal (GIT) issues, stomach and 
abdominal pain, and ulcers. In this work, we aimed to extract essential oils (EOs) from the aerial parts of S. fruticosa, a 
plant commonly found in Egypt, and to evaluate their antibacterial activity against GIT pathogens.

Methods  Fresh samples’ essential oils (EOs) were extracted using hydrodistillation (HD) and headspace (HS) 
techniques, while dried samples’ EOs were obtained via supercritical fluid (SF) extraction. GC/MS analysis was 
used to analyze the EOs. Their antibacterial activity was tested against Clostridium perfringens ATCC 13124, Listeria 
monocytogenes ATCC 7644, Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC 
8739, and Salmonella enterica ATCC 14028 through agar diffusion, microwell dilution, time-kill, and biofilm formation 
methods.

Results  The SF method yielded the highest EO (0.6 mL/100 g). In HD and SF-EOs, oxygenated compounds were 
predominant, accounting for 68.74% and 41.71%, respectively, while non-oxygenated compounds were most 
common in HS-EOs at 53.64%. Eucalyptol was the main component in both HD (43.87%) and HS-EOs (35.67%), 
whereas iso-caryophyllene (17.07%) and 13-epi-manoyl oxide (12.52%) were key in SF-EOs. Both HD and SF EOs 
showed kinetics similar to the bacterial control, indicating their potential as effective antimicrobials. Significantly, 
these EOs exhibited strong bactericidal activity against GIT pathogens, including C. perfringens (MBC: 500 µg/mL), L. 
monocytogenes (MBC: 125 µg/mL), S. aureus (MBC: 31.25 µg/mL), E. faecalis (MBC: 125 µg/mL), E. coli (MBC: 500 µg/mL), 
and S. enterica (MBC: 250 µg/mL). The reductions in colony-forming units (CFU/mL) were 3.8, 3.94, 7.76, 6.2, 3.7, and 
5.47 log10 CFU/mL for each pathogen, with effects lasting 24 h at concentrations of 2× MIC. The MICs ranged from 
31.25 to 250 µg/mL for HD and from 3.91 to 250 µg/mL for SF-EOs, demonstrating their superior antibacterial activity 
against GIT pathogens compared to previous research.

Conclusion  S. fruticose EO includes both oxygenated and non-oxygenated volatile compounds and exhibits potent 
antibacterial effects. They are recommended as bioactive agents for the treatment of gastrointestinal infections, 
although further research is required to verify their safety for clinical use.
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Introduction
The human gastrointestinal tract (GIT) harbors diverse 
microorganisms that are essential for health, aiding 
digestion, immune regulation, and protection against 
microbes. Their long coevolution with the host led to a 
symbiotic relationship that influences immune responses 
[1]. Disruptions, or dysbiosis, caused by infections, anti-
biotics, or lifestyle factors can lead to gastrointestinal 
issues such as diarrhea, inflammatory bowel disease, and 
irritable bowel syndrome [1, 2], underscoring the impor-
tance of a balanced microbiome for immune health. 
Additionally, the gut is an entry point for food-borne bac-
terial pathogens; these pathogens need to interact with 
the microbiota to colonize the gut, disrupting its balance. 
The host’s immune responses are adjusted to tolerate 
commensal bacteria while defending against infections 
[3]. Pathogenic bacteria such as Escherichia coli, Clostrid-
ium perfringens, and Salmonella enterica are concerning 
due to links with acute and chronic illnesses. Microor-
ganisms form biofilms to protect from stress, facilitate 
communication, increase virulence, and support growth. 
They have defense, sustainability, and survival mecha-
nisms that resist environmental challenges, immune 
responses, and antibiotics [4]. Several gastrointestinal 
pathogens form biofilms, leading to chronic, recurrent 
infections less responsive to antibiotics. Managing these 
infections often requires combination therapy, higher 
doses, or agents that can break down the biofilm matrix. 
Understanding how biofilms form in GI pathogens is vital 
for developing treatments. Future therapies may focus on 
preventing or disrupting biofilms or improving antibiotic 
penetration. Conventional treatments involve antibiot-
ics, which are effective but can cause side effects such as 
disrupting the gut microbiome, fostering resistance, and 
leading to recurrent infections. Thus, there’s increas-
ing interest in alternative therapies. EOs have activity 
against GIT infections [5–10] due to their biocidal [9, 10] 
and anti-inflammatory effects [11], making them prom-
ising for new treatments without promoting resistance. 
They are hydrophobic, complex mixtures of volatile com-
pounds, mainly terpenoids, classified into oxygenated 
and non-oxygenated groups [12, 13]. Their composition 
depends on factors like extraction, location, environ-
ment, plant maturity, part used, and genetics [14, 15]. 
Many medicinal plants, including Salvia, produce EOs 
[16]. The genus Salvia (Lamiaceae) comprises around 900 
species, including shrubs, perennial herbs, and annuals. 
These plants are distributed globally, with notable pres-
ence in Central and South America, Central Asia, the 

Mediterranean, tropical Africa, and eastern Asia [17]. 
Salvia species are widely used in folk medicine due to 
their therapeutic properties, which include antibacterial, 
spasmolytic, and hemostatic effects, making them popu-
lar in traditional remedies [18]. Salvia fruticosa Mill., also 
known as Greek sage, with synonyms such as S. triloba 
L., S. libanotica Boiss. and Gaill., is a perennial aromatic 
shrub native to the Eastern Mediterranean and North 
Africa. Due to its value in EOs production, it has been 
introduced globally [19]. Historically, S. fruticosa has 
been used in folk medicine for various ailments [20], with 
the infusion of its leaves particularly popular among Pal-
estinians for treating gastrointestinal issues, stomach and 
abdominal pains, ulcers, headaches, rheumatism, colds, 
coughs, and influenza [21–23]. In several countries, it 
is also employed for rheumatic pain relief, as a sedative, 
carminative, and stomachic [6, 19, 24]. Rich in EOs, S. 
fruticosa has attracted scientific interest for the extrac-
tion and analysis of its biological activities using various 
methods. EOs from Egyptian S. fruticosa were obtained 
mainly via hydrodistillation (HD) [25–28]; although 
some studies explore supercritical extraction [29, 30] and 
a single study on headspace extraction [31], HD remains 
the dominant global method [19]. Its EOs have been 
studied for antimicrobial [26, 32, 33], antifungal [32, 34], 
anti-inflammatory [35], antitrypanosomal [25], and anti-
cancer properties [36], as well as for cholinergic cogni-
tive-enhancing effects [33, 37].

We investigated, for the first time, how the extraction 
method affects the physical and chemical properties of 
S. fruticosa EOs, using three different techniques and 
analyzing them by Gas Chromatography-Mass spec-
trometry (GC/MS). We also examined their potential 
to inhibit pathogens linked to GIT infections, exploring 
their possible use as alternative treatments for bacterial 
GIT issues.

Materials and methods
Aerial parts of S. fruticosa Mill. (S. triloba L.), without 
flowers, were collected from El-Shikh Zoaid, Sinai, Egypt, 
in September 2024. In accordance with Egypt’s collection 
laws and local protected area regulations, the plant was 
collected after obtaining permission from the authorities 
responsible for protected areas. It was authenticated by 
Prof. Abduo M. Hamed, a plant ecology expert (Faculty 
of Science, Al-Azhar University boys, Cairo). A voucher 
sample (12Sfr1/2025) was stored in the Herbarium of the 
Pharmacognosy Department (Faculty of Pharmacy, Capi-
tal University (Formerly Helwan University), Egypt.
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Essential oils extraction
Hydrodistillation (HD)
250  g of the fresh aerials were used to extract EOs as 
described in the previous work [38]. Detailed method 
represented in the supplementary data.

Supercritical fluid extraction (SF)
160 g of the dried aerial parts l were used to extract EOs 
according to the previous work [38]. The detailed method 
is represented in the supplementary data.

The EOs percentages obtained from HD and SF were 
reported in mL/100 g of aerial parts [38].

Dynamic head-space GC/MS analysis
Fresh aerial parts were used to extract EOs according to 
the previous work [38]and [39]. The detailed method is 
represented in the supplementary data.

Gas chromatography-mass spectrometry (GC-MS) analysis
The analysis was performed using a Shimadzu GC-MS-
QP2010 (Tokyo, Japan). An Rtx-1MS column (30  m x 
0.25  mm i.d. x 0.25  μm film thickness, Restek, USA) 
with a split-splitless injector was utilized. The initial 
column temperature was set at 45 °C for 2 min (isother-
mal), then increased to 300 °C at a rate of 5 °C/min and 
maintained at 300  °C for 5  min (isothermal). The flame 
ionization detector was operated at 280 °C. The flow rate 
of the carrier gas (Helium) is 1.41 mL/min. The MS ion 
source was maintained at 200  °C, and the interface at 
280 °C, with electron ionization at 70 eV, scanning from 
35 to 500 amu. An oil sample (1 µL) was injected in split 
mode (1:15). EO components were identified by compar-
ing Kovats’ retention indices (RI) with those of n-alkane 
standards (C8-C28) and by matching MS spectra with 
NIST and Wiley databases (similarity index > 90%).

Antibacterial activity
Material
Clostridium perfringens ATCC 13124, Listeria monocyto-
genes ATCC 7644, Staphylococcus aureus ATCC 25923, 
Enterococcus faecalis ATCC 29212, Escherichia coli 
ATCC 8739, and Salmonella enterica ATCC 14028. They 
were obtained from the American Type Culture Col-
lection (ATCC, USA). Mueller-Hinton agar (MHA) and 
broth (MHB), DMSO were obtained from Sigma-Aldrich 
(USA), while antibiotic discs (6.0  mm, Oxoid, Thermo 
Fisher Scientific, USA) were used.

Susceptibility test
Using the agar well-diffusion method, we performed the test 
according to guidelines from the Clinical and Laboratory 
Standards Institute [40] and [41]. We tested four Gram-pos-
itive bacteria (C. perfringens ATCC 13124, L. monocytogenes 
ATCC 7644, S. aureus ATCC 25923, and E. faecalis ATCC 

29212) and two Gram-negative bacteria (E. coli ATCC 8739 
and S. enterica ATCC 14028). We use different antibiot-
ics with various mechanisms of action as reference drugs, 
while 10% DMSO serves as a negative control. We created a 
100 µL suspension with 1 × 105 cells of each reference strain 
(optical density, OD600 = 0.2) and spread it onto MHA 
plates. After the agar solidified, we used a 0.6 cm diameter 
drill bit to create wells and added 50 µL of the tested sample 
at concentrations of 50, 1, and 0.5 mg/mL. We then refrig-
erated the plates to facilitate diffusion of the tested samples 
[42] and incubated them at 37 °C for 24 h. For C. perfringens, 
we incubated them in an anaerobic jar.

We measured the antimicrobial activity of the extracts 
by the diameter of the zones of inhibition (ZOI) in 
millimeters.

Determination of minimum inhibitory concentrations (MIC)
For HD and SF, the assay was conducted using a broth 
microdilution method, following the guidelines of 
Balouiri et al. [43] and [40]. The detailed method was rep-
resented in the supplementary data.

Determination of the minimum bactericidal concentration 
(MBC)
Using the broth dilution method, as outlined in the 
[40] guidelines, we determined the results. The detailed 
method was represented in the supplementary data.

Time kill test
According to the methods reported by Foerster et al. [44] 
and Khazaal et al. [45], the detailed methods are provided 
in the supplementary data.

Anti-biofilm formation quantitative assay
The experiment followed the methods outlined by Kang 
et al. [46] and Salem et al. [47], with minor modifications 
(see supplementary data).

Statistical analysis
Statistical methods included ANOVA followed by Dun-
nett’s post-hoc test using GraphPad Prism 5 (GraphPad 
Inc., CA, USA), and Duncan’s post-hoc test with IBM 
SPSS version 20 software. We used these methods to 
compare the decrease in bacterial colony-forming units 
(CFU/mL), optical density (OD) for viability, and biofilm 
percentage for each sample relative to the untreated con-
trol, with number of replicates for each analysis (n = 3).

Results
Deciding on the best method for extracting EOs from 
fragrant plants is complex due to various factors [48]. 
The HD is the most common technique; however, it has 
its downsides, including the polymerization and isom-
erization of delicate components [49]. On the other hand, 
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solvent-free (SF) methods are eco-friendly and produce 
high-quality EOs with minimal degradation in a short 
duration [50]. SF techniques also offer benefits, including 
high diffusion rates, increased oil yields, and reduced vis-
cosity. Additionally, the head apace solid-phase microex-
traction (HS-SPME) method is user-friendly and efficient, 
requiring minimal plant samples and enabling eco-
friendly reuse [23]. Since each method varies in approach 
and operation, it influences the yield and the physical and 
chemical properties of the oil. This study extracted EO 
from S. fruticosa aerial parts grown in Egypt using HD, 
SF, and HS-SPME to assess how the technique impacts 
yield and volatility of components. In Egypt, HD is the 
prevalent extraction method for S. fruticosa EO [25–28], 

but this is the first comparison involving EO obtained 
via HS and SF techniques. Results indicated that the 
extraction method significantly affected the yield, with 
0.6 mL/100  g from HD and 0.4 mL/100  g from SF. The 
observed colors were shiny yellow for HD and dark yel-
low for SF, Because HS-SPME directly captures volatile 
constituents, yield measurement is not applicable. Find-
ings show that the composition of the EO is affected 
both in terms of quality and quantity by the extraction 
method used for S. fruticosa. A total of 24, 17, and 19 
compounds were identified in the cases of HD, HS, and 
SF, respectively, accounting for 94.07% (HD), 94.11% 
(HS), and 69.23% (SF) (Table  1, Figs. S1-3). Variations 
in the amount and type of identified compounds were 

Table 1  Identified chemical composition of S. fruticosa aerial parts EO extracted by HD, HS, and SF
Peak Rt Compound M.F. RIexp RIst Content % Ident

HD HS SF
1 7.325 α-Thujene C10H16 915 915 5.45 24.88 ---- MS, RI

2 7.786 Camphene C10H16 935 935 2.15 8.77 ---- MS, RI

3 8.685 (-)-α-Pinene C10H16 965 963.45 2.19 9.66 0.19 MS, RI

4 9.190 Sabinene C10H16 983 983.56 2.12 7.92 ---- MS, RI

5 9.495 α-Phellandrene C10H16 994 994 ---- 0.25 ---- MS, RI

6 9.970 (+)-4-Carene C₁₀H₁₆ 1003 998 0.22 ---- ---- MS, RI

7 10.085 m-Cymene C₁₀H₁₄ 1006 1010 1.85 ---- ---- MS, RI

8 10.361 Eucalyptol C₁₀H₁₈O 1014 1014 43.87 35.67 7.57 MS, RI

9 11.135 γ-Terpinene C10H16 1048 1048 0.16 0.35 ---- MS, RI

10 11.250 Sabinene hydrate C10H18O 1051 1051 ---- 0.03 ---- MS, RI

11 12.220 β-Thujone C₁₀H₁₆O 1083 1081 1.20 0.56 ---- MS, RI

12 13.370 Camphor C10H16O 1111 1111 9.99 3.28 4.20 MS, RI

13 13.755 trans-3-Pinanone C10H16O 1132 1134 ---- 0.25 ---- MS, RI

14 13.880 (1R)-(+)-Nopinone C₉H₁₄O 1128 1129 0.75 ---- ---- MS, RI

15 14.155 Endo-Borneol C10H18O 1145 1145 ---- 0.41 1.87 MS, RI

16 14.305 Iso borneol C₁₀H₁₈O 1142 1142 3.20 ---- ---- MS, RI

17 14.705 Terpinen-4-ol C10H18O 1155 1155 0.86 0.09 ---- MS, RI

18 15.085 α-Terpineol C₁₀H₁₈O 1167 1167 4.71 ---- 2.97 MS, RI

19 15.245 Myrtenol C₁₀H₁₆O 1172 1172 0.43 ---- ---- MS, RI

20 17.815 (-)-Bornyl acetate C12H20O2 1259 1259 0.83 ---- 0.55 MS, RI

21 19.717 α-Terpinyl acetate C12H20O2 1325 1324 0.96 0.18 1.48 MS, RI

22 21.875 Iso caryophyllene C15H24 1404 1404 ---- ---- 17.07 MS, RI

23 21,915 Caryophyllene C₁₅H₂₄ 1405 1405 3.46 1.43 ---- MS, RI

24 22.509 α-Guaiene C15H24 1427 1428 0.42 0.21 5.08 MS, RI

25 22.832 α-Humulene C15H24 1436 1436 0.63 0.17 3.23 MS, RI

26 23.810 (+)-Ledene C15H24 1478 1474 ---- ---- 1.19 MS, RI

27 24.205 γ-Muurolene C15H24 1493 1494 ---- ---- 0.34 MS, RI

28 25.610 (+)- Spathulenol C15H24O 1562 1562 0.30 ---- 1.52 MS, RI

29 25.855 (-)-Globulol C15H26O 1575 1576 ---- ---- 0.31 MS, RI

30 25.872 Caryophyllene oxide C15H24O 1568 1568 0.41 ---- 2.44 MS, RI

31 26.218 Viridiflorol C15H26O 1584 1584 1.23 ---- 5.62 MS, RI

32 26.335 Humulene epoxide II C15H24O 1599 1599 ---- ---- 0.66 MS, RI

33 34.410 n-Hexadecanoic acid C₁₆H₃₂O₂ 1943 1943 6.68 ---- ---- MS, RI

34 35.940 Dehydroabietan C20H30 2020 2021 ---- ---- 0.42 MS, RI

35 36.065 13-epi-Manoyl oxide C20H34O 2026 2000 ---- ---- 12.52 MS, RI

Total identified compounds 94.07 94.11 69.23
* HD hydrodistillation, HS headspace, SFE Supercritical fluid extraction
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evident. In HD EO, eucalyptol (43.87%) and camphor 
(9.99%) showed the highest percentages, while in HS, as 
in HD EO, eucalyptol (35.67%) was the most abundant, 
along with α-thujene (24.88%), (-)-α-pinene (9.66%), and 
camphene (8.77%). Moreover, in SF, iso-caryophyllene 
(17.07%) and 13-epi-manoyl oxide (12.52%) were the 
main components, whereas eucalyptol accounted for a 
lower amount than in the HD and HS EOs (7.57%). Addi-
tionally, the extraction method affects the distribution of 
chemical classes, as reflected by differences in S. fruti-
cosa EO. Oxygenated components account for the high-
est percentages in HD and SF EOs, at 68.74% and 41.71%, 
respectively (Table  2). In the case of HS EOs, non-oxy-
genated compounds account for the highest percentage at 
53.64%, compared to 40.47% for oxygenated components. 
Furthermore, notable variations were observed among 
chemical classes, with oxygenated monoterpenes (OM) 
constituting the most significant percentage in HD EOs 
at 66.80%, followed by HS at 40.47%, while SF showed 
the lowest percentage of OM (18.6). In contrast, mono-
terpene hydrocarbons (MH) form the majority in HS at 
51.83%. Moreover, sesquiterpene hydrocarbons (SH) rep-
resent the highest percentage in SF EOs, at 26.91%.

Antibacterial activity
It was tested against six common GIT pathogens, includ-
ing four Gram-positive bacteria (C. perfringens, L. 

monocytogenes, S. aureus, and E. faecalis) and two Gram-
negative bacteria (E. coli and S. enterica). The assessment 
involved measuring zones of inhibition (ZOI), Minimum 
inhibitory concentration (MICs), Minimum bactericidal 
concentration (MBCs), time-kill kinetics, and evaluating 
biofilm inhibition using the crystal violet test.

Susceptibility test
The antibacterial activity of HD and SF was first assessed 
using an agar well diffusion assay. against six bacte-
rial strains, with the results presented as ZOI (mm). As 
shown in Table 3, L. monocytogenes, S. aureus, and E. fae-
calis demonstrated strong susceptibility to both HD and 
SF, with ZOI values of 20–30 (20–26), 20–32 (14–30), and 
12–27 mm at concentrations of 250–1000 µg/mL of HD 
and SF, respectively. Additionally, a ZOI of 13–21  mm 
was observed against E. faecalis at 500–1000  µg/mL of 
SF. This effect was more significant than that of the stan-
dard tested antibiotics, which had ZOI values of 7–8 and 
21–25 mm.

Following this, C. perfringens and S. enterica showed 
moderate susceptibility to SF, especially at the higher 
concentration of 1000  µg/mL, with a ZOI value of 
12 mm, which is relatively lower than the standard anti-
biotics’ range of 18–35 mm. Notably, these strains exhib-
ited resistance to HD. Additionally, E. coli demonstrated 
resistance to both HD and SF. Low ZOI measurements 

Table 2  Percentage of different EOs classes for S. fruticosa aerial parts EO extracted by HD, HS, and SF*
Class of compounds Content %

HD HS SF
Non-oxygenated compounds 18.65 53.64 27.52

Monoterpene hydrocarbons (MH) 12.29 51.83 0.19

Sesquiterpene hydrocarbons (SH) 4.51 1.81 26.91

Diterpene hydrocarbons (DH) ----- ----- 0.42

Aromatic hydrocarbons (ArH) 1.85 ----- -----
Oxygenated compounds 68.74 40.47 41.71

Oxygenated monoterpenes (OM) 66.80 40.47 18.64

Oxygenated sesquiterpenes (OS) 1.94 ----- 10.55

Oxygenated diterpenes (OD) ----- ----- 12.52

Miscellaneous compounds 6.68 ----- -----
* HD hydrodistillation, HS headspace, SFE Supercritical fluid extraction

Table 3  Zone of inhibition (ZOI) of the S. fruticosa aerial parts extracted essential oils by HD and SF against tested reference strains
Reference strains ZOI (mm) 

Sample conc. µg/mL / AK 30 AX 25 NOR 10

HD SFE
1000 500 250 1000 500 250

C. perfringens ATCC 13124 - - - 12 - - 23 18 34

L. monocytogenes ATCC 7644 30 20 20 26 24 20 7 7 8

S. aureus ATCC 25923 32 22 20 30 20 14 22 21 25

E. faecalis ATCC 29212 27 14 12 21 13 - 22 21 25

E. coli ATCC 8739 - - - - - - 22 - 30

S. enterica ATCC 14028 - - - 12 11 10 21 21 35
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may be due to the oils not diffusing well in the agar 
medium. To get a more accurate picture of the oils’ inhib-
itory effects, we measured MICs and MBCs as part of a 
follow-up investigation.

Results were expressed as mean (n = 3) with SD ± 1. 
(-), not detected; (ZOI), zone of inhibition measured in 
mm; (AK 30), amikacin; (AX 25), amoxicillin; (NOR 10), 
norfloxacin.

Measurements of MIC and MBC
As shown in Tables 4 and 5, and 6, the MIC results and 
corresponding viability percentages reveal that the inves-
tigated HD and SF have a promising ability to inhibit the 
growth of specific bacterial strains that cause GT infec-
tion. The potency levels of these strains vary. Notably, 
the SF showed more potent activity than the HD; it dem-
onstrated strong growth inhibition against the tested 
Gram-positive bacteria with MICs of 3.91 and 125  µg/

mL, and against the Gram-positive E. faecalis with an 
MIC of 15.63 µg/mL, with the lowest viability percentage 
of 6.08% against S. aureus at 1.95 µg/mL. Meanwhile, the 
HD showed inhibitory activity against the tested Gram-
negative bacteria E. coli and S. enterica, with MICs of 
62.5 and 125  µg/mL, respectively, which are lower than 
those of SF (MICs = 250  µg/mL), with the lowest viabil-
ity percentage of 5.53% against S. enterica at 62.5 µg/mL. 
This effect was more significant than that of the standard 
tested antibiotics, which had MICs ranging from 125 to 
500  µg/mL. For the tested EOS, the MBC values were 
generally higher than the MICs, with significant varia-
tions among the different strains. Table 4 shows the MBC 
values (µg/mL) recorded, which range from 31.25 to 
500 µg/mL for both HD and SF. Their low MIC and MBC 
values demonstrate the strong effectiveness of the EOs. 
The bactericidal effect of the tested EOs was further veri-
fied through the time-kill kinetics analysis.

Table 4  MICs and MBCs of the S. fruticosa aerial parts extracted essential oils by HD and SF methods
Reference strains MIC

µg/mL
MBC
µg/mL

HD SFE C CIP HD SFE
C. perfringens ATCC 13124 250 125 500 500 500 500

L. monocytogenes ATCC 7644 62.5 3.91 500 250 125 62.5

S. aureus ATCC 25923 31.25 3.91 250 500 31.25 31.25

E. faecalis ATCC 29212 62.5 15.63 250 125 125 62.5

E. coli ATCC 8739 62.5 250 500 250 500 500

S. enterica ATCC 14028 125 250 250 250 250 500
MIC minimum inhibitory concentration, MBC minimum bactericidal concentration. Results were expressed as mean (n = 3); (CIP, 1.0 mg/mL), ciprofloxacin; (C, 1.0 mg/
mL), chloramphenicol

Table 5  Dose–response effect of the S. fruticosa aerial parts extracted essential oils by the HD method, on the viability % of the GT 
pathogens in the broth dilution assay
Samples Conc. µg/mL*

1000 500 250 125 62.5 31.25 15.63 7.81 3.91 1.95
C. perfringens ATCC 13124 0.00 a 0.00 a 0.00 a 7.01 b 11.87 c 17.17 d 32.90 e 47.21 f 55.79 g 60.09 h

L. monocytogenes ATCC 7644 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 8.53 b 24.55 c 33.59 d 40.05 e 55.56 f

S. aureus ATCC 25923 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 12.92 b 25.84 c 42.55 d 56.23 e

E. faecalis ATCC 29212 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 5.81 b 19.37 c 35.77 d 52.16 e 65.57 f

E. coli ATCC 8739 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 10.87 b 24.46 c 38.04 d 57.07 e 63.86 f

S. enterica ATCC 14028 0.00 a 0.00 a 0.00 a 0.00 a 5.53 b 11.69 c 25.28 d 45.81 e 58.45 f 71.09 g

Different letters of the means are significantly different (p < 0.00001) using Duncan’s post hoc test. Results were expressed as mean (n = 3)

Table 6  Dose–response effect of the S. fruticosa aerial parts extracted essential oils by the SF method, on viability % of the GT 
pathogens in the broth dilution assay
Samples Conc. µg/mL*

1000 500 250 125 62.5 31.25 15.63 7.81 3.91 1.95
C. perfringens ATCC 13124 0.00 a 0.00 a 0.00 a 0.00 a 10.01 b 24.32 c 41.49 d 58.66 e 67.24 f 74.39 g

L. monocytogenes ATCC 7644 0.00 a 0.00a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 10.34 b

S. aureus ATCC 25923 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 6.08b

E. faecalis ATCC 29212 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 11.03 b 22.35 c 41.73 d

E. coli ATCC 8739 0.00 a 0.00a 0.00 a 9.78 b 33.97c 42.12d 52.99 e 65.22 f 70.65 g 80.16 h

S. enterica ATCC 14028 0.00 a 0.00 a 0.00 a 12.80b 23.70 c 44.23d 50.55 e 77.41 f 80.57 g 96.37 h

Different letters of the means are significantly different (p < 0.00001) using Duncan’s post hoc test. Results were expressed as mean (n = 3)
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Time kill assay
Figure 1 displays the time-kill kinetics of HD and SF-EOs 
against six bacterial strains. The kinetics of the EOs were 
comparable to those of the bacterial control. Notably, 
the bactericidal activity was quite similar after treatment 
with HD and SF-EOs against C. perfringens, S. aureus, 
and E. coli. At first, the effect was only weakly inhibi-
tory, but it eventually became bacteriostatic. Here are the 
reductions in bacterial colony-forming units (cfu/mL) 
at various time points: 0 h − 6.7 log10 CFU/mL, 2 h − 5.2 
log10 CFU/mL, 4 h − 4.7 log10 CFU/mL, and 6 h − 3.5 log10 
CFU/mL, indicating bactericidal effects. This bactericidal 
activity lasted for up to 24 h, with reductions of 2.9, 0.07, 
and 3.7 log10 cfu/mL against C. perfringens, S. aureus, and 
E. coli, respectively (Fig. 1A, C, and E).

Notably, the SF EOs showed a greater reduction effect 
against L. monocytogenes and E. faecalis compared to 
HD. Starting with the bacteriostatic effect 4 h after treat-
ment, both SF and HD caused reductions of 4.1–5.1 and 
4.1–6.1 log10 CFU/mL, respectively. Next, there was a 
rise in bactericidal activity, with reductions of 3.9–1.3 
(3.9–2.3) log10 CFU /mL for L. monocytogenes and 4.1–
1.4 (4.1–2.4) log10 CFU /mL for E. faecalis after 6 to 24 h 
of treatment with SF and (HD) (Fig. 1B and D).

Additionally, HD exhibited a greater reduction in S. 
enterica count than the SF, with a bacteriostatic effect 

of 4.4 (4.5) log10 CFU /mL after 4  h of incubation, 
followed by a rise in bactericidal activity of 3.3–1.7 
(3.4–2.1) log10 CFU /mL after 6–24  h of incubation 
(Fig. 1F).

Antibiofilm quantitative assay
The biofilm inhibition percentages (BI %) of HD and SF 
EOs against various bacterial strains are summarized in 
Tables  7 and 8, and Fig.  2. The results show that both 
EOs exhibited significant (p < 0.000001) biofilm inhi-
bition across all tested concentrations, with the high-
est concentrations producing the most notable effects. 
Notably, HD EO shows higher potency against the six 
bacterial strains at 1000 µg/mL compared to other treat-
ments, SF. For the Gram-positive bacteria, the BI% was 
91.65–98.21 (88.89–94.98), which was greater than 
the values obtained against the Gram-negative bac-
teria, 89.87–96.85 (82.62–92.55%). As the concentra-
tion decreased, the inhibition also reduced. Notably, at 
the lowest tested concentration of 1.95 µg/mL, the HD 
exhibited 9.85 and 22.85 BI% against C. perfringens and 
L. monocytogenes, greater than the BI% of 4.15 and 14.73 
for SF. In contrast, for S. aureus, E. faecalis, E. coli, and 
S. enerica, the SF exhibited increased BI% of 7.29, 37.41, 
8.97, and 5.21, compared to BI% of 5.02, 5.43, 8.81, and 
2.44 for the HD.

Fig. 1  Time kill kinetics of HD and SF at 2× MIC, against the six tested gastrointestinal tract infection pathogens, A) C. perfringens (P-value ***=0.0003); B) 
L. monocytogenes (P-value ***=0.0004); C) S. aureus (P-value **=0.007); D) E. faecalis (P-value **=0.003); (E)E. coli (P-value ****= ˂ 0.0001); and (F)S. enterica 
(P-value ***=0.0007). Results were expressed as mean (n = 3)
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Table 7  Biofilm inhibition % (BI%) of the S. fruticosa aerial parts’ essential oils extracted by the HD method
Samples Conc. µg/mL*

1000 500 250 125 62.5 31.25 15.63 7.81 3.91 1.95
C. perfringens ATCC 13124 91.65 86.64 76.63 54.92 48.25 36.56 29.88 21.54 14.86 9.85

L. monocytogenes ATCC 7644 92.58 86.65 82.20 74.78 68.84 65.88 45.10 39.17 36.20 22.85

S. aureus ATCC 25923 98.21 97.85 85.84 85.48 82.08 76.70 51.61 30.11 8.60 5.02

E. faecalis ATCC 29212 96.85 90.89 88.27 82.49 71.98 57.97 50.96 42.21 26.44 5.43

E. coli ATCC 8739 92.14 85.85 70.13 66.98 60.69 57.55 49.69 32.39 26.10 8.81

S. enterica ATCC 14028 89.87 82.18 58.72 56.85 49.34 39.96 26.83 23.08 17.45 2.44
P-value * < 0.000001. Results were expressed as mean (n = 3)

Table 8  Biofilm inhibition % (BI%) of the S. fruticosa aerial parts’ essential oils extracted by the SF method
Samples Conc. µg/mL*

1000 500 250 125 62.5 31.25 15.63 7.81 3.91 1.95
C. perfringens ATCC 13124 89.13 78.54 68.53 64.23 55.65 52.79 35.62 29.90 19.89 4.15

L. monocytogenes ATCC 7644 88.89 88.50 84.50 76.74 74.16 71.58 65.12 59.95 56.07 14.73

S. aureus ATCC 25923 94.98 93.77 88.91 85.26 83.28 71.12 57.45 55.93 39.21 7.29

E. faecalis ATCC 29212 92.55 90.91 83.61 76.15 76.15 61.25 58.27 56.78 50.82 37.41

E. coli ATCC 8739 86.41 79.62 78.26 71.47 66.03 52.45 36.14 25.27 21.20 8.97

S. enterica ATCC 14028 82.62 79.46 65.24 58.93 44.71 43.13 33.65 28.91 9.16 5.21
P-value * < 0.000001. Results were expressed as mean (n = 3)

Experimental design

Discussion
The EO of S. fruticosa was obtained using three methods 
to evaluate how different extraction techniques affect 
the physical and chemical properties of the EOs. The SF 
technique produced higher EO output than HD because 
supercritical CO2 (SCC) was used as the extraction sol-
vent. SCC’s low viscosity and surface tension improve 
penetration, leading to more effective extraction and 
higher oil yield [47]. Its solvation power also co-solubi-
lizes fatty components, giving SF oils a dark color and 
viscous consistency. The extracted EOs were analyzed 
by GC/MS for qualitative and quantitative identification. 

The results showed that volatile components varied by 
extraction method, likely due to changes in plant sample 
condition, pressure, temperature, and extraction time. 
In SF, dried plant material was extracted with SCC; in 
HD, fresh material was boiled in water; and in HS, the 
fresh sample was heated until the essential oil volatilized, 
explaining the observed differences [38, 51]. Although 
both HD and HS used fresh materials, temperature and 
time significantly affected the stability and quantity of 
volatile components. The solvent choice is also critical. In 
HD, water vapor penetrates better, extracting low-molec-
ular-weight oxygenated and non-oxygenated compounds 
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more than high-molecular-weight ones, due to longer 
times and higher temperatures [52, 53]. SF uses SCC, a 
lipophilic solvent with broad selectivity, detecting 13-epi-
manoyl oxide only in SF-EOs. HS is a cutting-edge tech-
nique that extracts volatile components with different 
boiling points without artifacts [54]. The present findings 
align with previous reports on S. fruticosa.

EO extracted by HD from different Egyptian regions 
[25–28], showing that oxygenated monoterpenes are 

the main components (Eucalyptol, 43.87%). Variations 
in components likely result from environmental condi-
tions, genetics, collection timing, drying, temperature, 
and plant age, which significantly affect their chemical 
makeup [55, 56].

The antibacterial activity of the extracted EOs was 
tested against six GIT pathogens: C. perfringens, L. mono-
cytogenes, S. aureus, E. faecalis, E. coli, and S. enterica, 
selected for their availability and association with GIT 

Fig. 2  Dose–response effect of HD (A); and SF (B), on selected Gastrointestinal infection pathogens in biofilm formation test with concentration value “0” 
as a control. Error bars represent SD from the means (n = 3). The results indicate that both extracts demonstrated significant (p < 0.000001) biofilm inhibi-
tion across all tested concentrations
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infections. C. perfringens, a Gram-positive, anaerobic, 
spore-forming bacterium, is a common foodborne patho-
gen and gut commensal that causes diarrheal illnesses 
and enteric diseases through toxins [57–58]. It also forms 
spores and biofilms, aiding environmental persistence 
and transmission [59].

L. monocytogenes is a foodborne pathogen causing 
human listeriosis, prevalent in water, soil, and vegeta-
tion [60]. It usually leads to gastroenteritis, but can cause 
severe invasive disease in immunocompromised people. 
Symptoms include fever, diarrhea, nausea, headache, and 
joint and muscle pains [61]. S. aureus is a major pathogen 
causing infections across organs in hospitals and commu-
nities, leading to diseases like antibiotic-associated diar-
rhea [62]. Reduced stomach acidity aids colonization by 
helping it survive gastric barriers [62]. Gut overgrowth 
causes enteritis and diarrhea and is linked to inflam-
matory bowel disease through gut antigen-triggered 
inflammation [63]. Its toxins damage intestinal barriers 
by disrupting cell junctions [64]. E. faecalis is a Gram-
positive bacterium common in the human GIT and an 
opportunistic pathogen of growing concern. It is among 
the first colonizers of the infant GIT [65]. Usually harm-
less, disrupting its relationship with the host can make it 
pathogenic, causing life-threatening infections like bac-
teremia and intra-abdominal infections, often with high 
mortality [66]. E. coli is the most common aerobic spe-
cies in the human gut. Normal strains are commensals 
that interact positively with the microbiota and support 
the host by providing essential nutrients, such as vita-
mins. Diet mainly influences gut microbiota structure 
[67]. Pathogenic E. coli causes severe diarrhea via entero-
toxins and other damaging toxins [68], worsening inflam-
matory bowel disease [69]. It can also cause vomiting, 
bloody diarrhea, hemorrhagic colitis, and hemolytic ure-
mic syndrome.

Salmonella infections caused by various serotypes, 
such as S. enterica, pose significant economic and pub-
lic health issues. Salmonellosis manifests as gastroenteri-
tis, inflammation, enteric fever, bacteremia, and other 
conditions [70]. The most common form, Salmonella 
gastroenteritis, causes stomach cramps, diarrhea, fever, 
and sometimes vomiting [71]. Human cases often result 
from the ingestion of contaminated food, enabling Sal-
monella to colonize the gut [71]. Four tests evaluated 
the antibacterial effects of the EOs: agar diffusion, broth 
microdilution, time-kill assay, and biofilm formation. 
Results showed L. monocytogenes, S. aureus, and E. fae-
calis were highly susceptible to HD and SF, while E. coli 
and S. enterica were resistant to both oils. This suggests 
that Gram-positive strains are more sensitive to EOs in 
a dose-dependent manner, while Gram-negative bacteria 
are less sensitive, likely due to their peptidoglycan layer 
outside the outer membrane. Gram-negative bacteria 

have a double phospholipid membrane with lipopolysac-
charides, which block hydrophobic EO components and 
enable rapid resistance [72].

While the agar diffusion test shows that antibacterial 
agents spread quickly through solid media [43], this can 
sometimes lead to deviations due to variability in volatile 
compound diffusion. To improve accuracy and address 
agar diffusion limitations [41, 43], we used a microdi-
lution test. Results showed SF-EOs strongly inhibited 
gram-positive bacteria in a dose-dependent manner, 
while HD-EOs inhibited gram-negative bacteria. Thus, 
the promising antibacterial activity of SF-EOs against 
gram-positive bacteria and HD-EOs against gram-nega-
tive bacteria is not detectable by the agar diffusion test. 
The oils’ antibacterial effects are linked to their chemi-
cal compounds. For example, the HD-EOs of S. fruticosa 
are rich in oxygenated monoterpenes, such as eucalyp-
tol, and exhibit promising antimicrobial activity [73–76]. 
Camphor also has strong antibacterial properties [77, 
78]. SF-EOs contain a high percentage of iso-caryophyl-
lene (17.07%, β-caryophyllene), which is effective against 
Gram-positive bacteria [79–81]. It contains 13-epi-
manoyl oxide, which shows stronger antibacterial activ-
ity against Gram-positive bacteria [82]. The activity may 
result from main compounds and their interactions with 
each other and other compounds [83, 84]. The combined 
effects of EO compounds may increase plasma mem-
brane permeability, consistent with reports that EO com-
ponents act synergistically and that their biosynthesis 
and accumulation influence biological activity [85].

It has been reported that eucalyptol, abundant in HD-
EOs, shows potent antibacterial effects against S. aureus. 
This effect alters the bacterial surface charge and triggers 
oxidative stress, leading to membrane damage, leakage 
of internal contents, and lipid oxidation. Additionally, 
ROS buildup hampers antioxidant enzymes and harms 
large molecules, leading to bacterial damage and cell 
death [86]. Additionally, it can influence the carbohydrate 
metabolism of S. enterica [87].

The time–kill test is a reliable method for assessing the 
bactericidal potential of an agent [43]. As illustrated, both 
EOs demonstrated kinetics comparable to those of the 
bacterial control, indicating their potential effectiveness 
as antimicrobial agents. Of great significance, the HD and 
SF-EOs demonstrated bactericidal properties leading to 
a decline of 3.8 (4.68), 3.94 (4.94), 7.76 (7.85), 6.2 (7.19), 
3.7 (4), and 5.47 (4.46) log10 CFU/mL, respectively, in 
bacterial count of the tested GIT pathogens: C. perfrin-
gens, L. monocytogenes, S. aureus E. faecalis, E. coli, and S. 
enterica compared to the initial inoculum, and persisted 
for 24 h of treatment at concentration of 2x MIC.

The antimicrobial results from this study show that S. 
fruticose EO, commonly found in Egypt, exhibits strong 
activity, with MIC values of 31.25–250  µg/mL for HD 
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and 3.91–250 µg/mL for SF-EOs. These results are better 
than those reported by Giweli et al. [32], who found that 
S. fruticosa essential oil had MIC values of 0.125-1.5 mg/
mL and MBC values of 0.5-2.0  mg/mL. Biofilms differ 
significantly from suspended bacteria because they are 
in their natural habitat. Research shows EOs can prevent 
biofilm formation in several ways. They may disrupt the 
cytoplasmic membrane, causing leakage of contents or 
enzyme inactivation [88]; or interfere with quorum sens-
ing, suppressing flagellar gene transcription and motil-
ity [89]; reduce bacterial adherence to surfaces [90]; or 
induce reactive oxygen species buildup, leading to oxida-
tive stress and cell death [91]. This study focused on EO’s 
ability to inhibit biofilm development. Results showed 
that both oils inhibited Gram-positive bacterial biofilms 
more effectively than Gram-negative biofilms. HD-EOs 
were more potent at high doses against six strains than 
SF-EOs. HD-EOs, rich in eucalyptol, strongly inhibit E. 
coli [73] and S. aureus [92]. We hypothesize that each 
EO’s unique makeup might limit resistance, unlike 
synthetic agents [93]. While some EOs are safe, more 
research is needed on their safety and dosing in clinical 
use.

Conclusion
EOs from S. fruticosa aerial parts were extracted using 
three methods, and their compositions were qualitatively 
and quantitatively compared. The SF technique pro-
duced a higher EOs yield. Eucalyptol was the dominant 
compound in both HD and HS-EOs, while iso-caryoph-
yllene and 13-epi-manoyl oxide were the main constitu-
ents of SF-EO. Both HD and SF-EOs were active against 
L. monocytogenes, S. aureus, and E. faecalis; addition-
ally, SF-EO affected S. enterica in agar diffusion tests. 
SF-EO showed strong inhibition of L. monocytogenes, 
S. aureus, and E. faecalis growth, surpassing HD-EO in 
microdilution assays. HD-EO is mainly effective against 
E. coli. Both oils significantly inhibited biofilm formation 
in Gram-positive bacteria more than in Gram-negative 
bacteria. The volatile compounds in S. fruticosa exhibit 
antibacterial activity against gastrointestinal pathogens, 
suggesting their potential as bioactive agents for the 
treatment of GIT infections. Nonetheless, further studies 
on toxicity, including in vivo tests and pharmacokinetics, 
are necessary to confirm their safety for clinical use.

Abbreviations
EOs	� Essential Oils
HD	� Hydrodistillation
SF	� Supercritical Fluid
HS	� Head- Space
MBC	� Minimum Bactericidal Concentration
CFU	� Colony-forming Unit
MIC	� Minimum Inhibitory Concentration
SPME	� Solid-phase Microextraction

GIT	� Gastrointestinal Tract
GC/MS	� Gas Chromatography-Mass Spectrometry
MHA	� Mueller Hinton Agar
MHB	� Mueller Hinton Broth
DMSO	� Dimethyl Sulfoxide
AK	� Amikacin
AX	� Amoxycillin
NOR	� Norfloxacin
ZOI	� Zone of Inhibition
BI%	� Biofilm Inhibition Percentages
SCC	� Supercritical Carbon Dioxide
APCI	� Atmospheric Pressure Chemical Ionization
CLSI	� Clinical and Laboratory Standards Institute

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​0​6​-​0​2​6​-​0​5​3​7​6​-​5.

Supplementary Material 1.

Acknowledgements
Not applicable.

Authors’ contributions
N.H.: Investigation, methodology, validation, resources, revising the first draft, 
and finalizing the manuscript. H.G.S.: Investigation, methodology, resources, 
validation, revising the first draft, and finalizing the manuscript. M.T.K.: 
Investigation, conceptualization, methodology, resources, validation, formal 
analysis software, revising the first draft, and finalizing the manuscript. F.A. 
M.: Investigation, conceptualization, revising the first draft, and finalizing the 
manuscript. All authors approved the manuscript submission.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB). This research received no specific funding from agencies in the public, 
commercial, or not-for-profit sectors.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on responsible request.

Declarations

Ethics approval and consent to participate
In accordance with Egypt’s collection laws and local protected area 
regulations, the plant was collected after obtaining permission from the 
authorities responsible for protected areas.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Pharmacognosy, Faculty of Pharmacy, Capital University 
(Formerly Helwan University), Ein Helwan, Cairo  11795, Egypt
2Department of Pharmacognosy, Faculty of Pharmacy, Ain-Shams 
University, Cairo, Egypt
3Department of Pharmaceutical Chemistry, College of Pharmacy, Kuwait 
University, Kuwait, Kuwait
4Department of Botany and Microbiology, Faculty of Science, Capital 
University (Formerly Helwan University), Ein Helwan, Cairo 11795, Egypt

Received: 22 September 2025 / Accepted: 8 April 2026

https://doi.org/10.1186/s12906-026-05376-5
https://doi.org/10.1186/s12906-026-05376-5


Page 12 of 14Hashad et al. BMC Complementary Medicine and Therapies          (2026) 26:165 

References
1.	 Round JL, Mazmanian SK. The gut microbiota shapes intestinal immune 

responses during health and disease. Nat Rev Immunol. 2009;9(5):313–23. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​n​​r​i​2​5​1​5.

2.	 Carding S, Verbeke K, Vipond DT, Corfe BM, Owen LJ. Dysbiosis of the gut 
microbiota in disease. Microb Ecol Health Dis. 2015;26(1):26191. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​3​4​0​2​​/​m​​e​h​d​.​v​2​6​.​2​6​1​9​1.

3.	 Chung LK, Raffatellu M. GI pros: Antimicrobial defense in the gastrointestinal 
tract. Semin Cell Dev Biol. 2019;88:129–37. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​e​​m​c​d​​b​.​
2​0​​1​8​​.​0​2​.​0​0​1.

4.	 Kravvas G, Veitch D, Al-Niaimi F. The increasing relevance of biofilms in com-
mon dermatological conditions. J Dermatolog Treat. 2018;29(2):202–7. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​9​5​4​​6​6​3​​4​.​2​0​​1​7​​.​1​3​6​0​9​8​9.

5.	 Sounouvou HT, Toukourou H, Catteau L, Toukourou F, Evrard B, Van Bambeke 
F, Quetin-Leclercq J. Antimicrobial potentials of essential oils extracted 
from West African aromatic plants on common skin infections. Sci Afr. 
2021;11:e00706. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​c​​i​a​f​​.​2​0​2​​1​.​​e​0​0​7​0​6.

6.	 Wińska K, Mączka W, Łyczko J, Grabarczyk M, Czubaszek A, Szumny A. 
Essential oils as antimicrobial agents—myth or real alternative? Molecules. 
2019;24(11):2130. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​o​l​e​c​u​l​e​s​2​4​1​1​2​1​3​0.

7.	 Davis SC, Perez R. Cosmeceuticals and natural products: wound healing. Clin 
Dermatol. 2009;27(5):502–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​l​​i​n​d​​e​r​m​a​​t​o​​l​.​2​0​0​9​.​0​5​.​0​1​
5.

8.	 Kozics K, Bučková M, Puškárová A, Kalászová V, Cabicarová T, Pangallo D. The 
effect of ten essential oils on several cutaneous drug-resistant microor-
ganisms and their cyto/genotoxic and antioxidant properties. Molecules. 
2019;24(24):4570. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​o​l​e​c​u​l​e​s​2​4​2​4​4​5​7​0.

9.	 Mayaud L, Carricajo A, Zhiri A, Aubert G. Comparison of bacteriostatic and 
bactericidal activity of 13 essential oils against strains with varying sensitivity 
to antibiotics. Lett Appl Microbiol. 2008;47(3):167–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​
/​j​​.​1​4​​7​2​-​​7​6​5​X​​.​2​​0​0​8​.​0​2​4​0​6​.​x.

10.	 Bučková M, Puškárová A, Kalászová V, Kisová Z, Pangallo D. Essen-
tial oils against multidrug resistant gram-negative bacteria. Biologia. 
2018;73(8):803–8.

11.	 Miguel MG. Antioxidant and anti-inflammatory activities of essential oils: a 
short review. Molecules. 2010;15(12):9252–87. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​o​l​e​c​
u​l​e​s​1​5​1​2​9​2​5​2.

12.	 Ait-Ouazzou A, Lorán S, Bakkali M, Laglaoui A, Rota C, Herrera A, Pagan R, 
Conchello P. Chemical composition and antimicrobial activity of essential oils 
of Thymus algeriensis, Eucalyptus globulus and Rosmarinus officinalis from 
Morocco. J Sci Food Agric. 2011;91(14):2643–26517. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​j​​
s​f​a​.​4​5​0​5.

13.	 Sell C, Sell CS. The chemistry of fragrances: from perfumer to consumer. Royal 
Society of Chemistry. 2nd ed. Cambridge, UK: The Royal Society of Chemistry; 
2006.

14.	 Barra A. Factors affecting chemical variability of essential oils: a review of 
recent developments. Nat Prod Commun. 2009;4(8):1147–54. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​1​7​7​​/​1​​9​3​4​5​7​8​X​0​9​0​0​4​0​0​8​2​7.

15.	 Anwar F, Hussain AI, Sherazi STH, Bhanger MI. Changes in composition and 
antioxidant and antimicrobial activities of essential oil of fennel (Foeniculum 
vulgare Mill.) fruit at different stages of maturity. J Herbs Spices Med Plants. 
2009;15(2):187–202. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​0​4​9​6​4​7​0​9​0​3​1​3​9​4​8​8.

16.	 Asgarpanah J. A review on the essential oil chemical profile of Salvia genus 
from Iran. Nat Volatiles Essent Oils. 2021;8(3):1–28. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​7​9​2​​9​/​​n​
v​e​o​.​8​5​2​7​9​4.

17.	 Walker JB, Sytsma KJ, Treutlein J, Wink M. Salvia (Lamiaceae) is not monophy-
letic: implications for the systematics, radiation, and ecological specializations 
of Salvia and tribe Mentheae. Am J Bot. 2004;91(7):1115–25. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​3​7​3​2​​/​a​​j​b​.​9​1​.​7​.​1​1​1​5.

18.	 Ulubelen A, Birman H, Öksüz S, Topçu G, Kolak U, Barla A, Voelter W. 
Cardioactive diterpenes from the roots of Salvia eriophora. Planta Med. 
2002;68(09):818–21. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​5​​/​s​​-​2​0​0​2​-​3​4​4​0​8.

19.	 Nabi HB, Ahmed M, Mia S, Islam S, Zzaman W. Essential oils: Advances in 
extraction techniques, chemical composition, bioactivities, and emerging 
applications. Food Chem Adv. 2025;8:101048. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​f​o​​c​h​a​​.​
2​0​2​​5​.​​1​0​1​0​4​8.

20.	 Halcón L, Milkus K. Staphylococcus aureus and wounds: a review of tea tree 
oil as a promising antimicrobial. Am J Infect Control. 2004;32(7):402–8. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​j​i​c​.​2​0​0​3​.​1​2​.​0​0​8.

21.	 Moharram FA, Mahmoud II, Mahmoud MR, Sabry SA. Polyphenolic profile and 
biological study of Salvia fruticosa. Nat Prod Commun. 2006;1(9):745–50. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​1​​9​3​4​5​7​8​X​0​6​0​0​1​0​0​9​0​9.

22.	 Kirby JP, Mazuski JE. Prevention of surgical site infection. Surg Clin North Am. 
2009; 89(2):365–389; ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​u​c​.​2​0​0​9​.​0​1​.​0​0​1.

23.	 Kuchar E, Karlikowska-Skwarnik M, Wawrzuta D. Anti-inflammatory therapy of 
infections. Encyclopedia Infect Immun. 2022;791–7.

24.	 Saporito F, Sandri G, Bonferoni MC, Rossi S, Boselli C, Icaro Cornaglia A, Man-
nucci B, Grisoli P, Vigani B, Ferrari F. Essential oil-loaded lipid nanoparticles for 
wound healing. Int J Nanomed. 2018;13:175–86. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​4​7​​/​I​​J​N​.​S​
1​5​2​5​2​9.

25.	 Barghash S. Antitrypansomal activity of essential oils extracted from Rosmari-
nus officinalis and Salvia fruticosa. Eur J Biomed Pharm Sci. 2021;8(4):37–45.

26.	 Ahmed FA, Ouda NHS, Husseiny SM, Adel A. Antibacterial activity and 
composition of essential oils extracted from some plants belonging to family 
Lamiaceae against some multidrug resistant gram negative bacteria. Indo 
Am j pharm sci. 2018;05(01):475–463. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​2​8​1​​/​z​​e​n​o​d​o​.​1​1​6​1​3​3​
9.

27.	 El-Wahab A, Mohamed A, Toaima WI, Hamed ES. Effect of different plant-
ing locations in Egypt on Salvia fruticosa mill. Plants Egypt J Desert Res. 
2015;65(2):291–307. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​6​0​​8​/​​e​j​d​r​.​2​0​1​5​.​5​9​5​5.

28.	 Toaima WI. Effect of organic fertilization and active dry yeast on productivity 
of three-lobed sage (Salvia fruticosa Mill.) plants under Siwa Oasis conditions. 
Egypt J Desert Res. 2014;64(1):153–66. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​6​0​​8​/​​e​j​d​r​.​2​0​1​4​.​5​8​1​
5.

29.	 Kakasy A, Szöke E, Simái B, Lemberkovics E. Effect of extraction methods on 
the composition of essential oils. In International Conference on Medicinal and 
Aromatic Plants (Part II). Acta Hortic. 2001;597:49–56; ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​7​6​6​​0​
/​​A​c​t​a​H​o​r​t​i​c​.​2​0​0​3.

30.	 Rónyai E, Simándi B, Veress T, Lemberkovics É, Patiaka D. Comparison 
between the essential oil and supercritical carbon dioxide extract of salvia 
fruticosa Mill. J Essent Oil Res. 1999;11(4):499–502. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​0​
4​1​2​9​0​5​.​1​9​9​9.

31.	 Sajewicz M, Rzepa J, Hajnos M, Wojtal Ł, Staszek D, Kowalska T, Waksmundzka-
Hajnos M. GC-MS study of the performance of different techniques for 
isolating the volatile fraction from sage (Salvia L.) species, and comparison 
of seasonal differences in the composition of this fraction. Acta Chromatogr. 
2009;21(3):453–71. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​5​6​​/​A​​C​h​r​o​m​.​2​1​.​2​0​0​9​.​3​.​9.

32.	 Giweli AA, Džamić AM, Soković M, Ristić MS, Janaćković P, Marin PD. The 
chemical composition, antimicrobial and antioxidant activities of the essen-
tial oil of Salvia fruticosa growing wild in Libya. Arch Biol Sci. 2013;65(1):321–9. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​2​9​8​​/​A​​B​S​1​3​0​1​3​2​1​G.

33.	 Topcu G, Öztürk M, Kuşman T, Demirkoz AAB, Kolak U, Ulubelen A. Terpe-
noids, essential oil composition, fatty acid profile, and biological activities of 
Anatolian Salvia fruticosa Mill. Turk J Chem. 2013;37(4):619–32. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​3​9​0​6​​/​k​​i​m​-​1​3​0​3​-​2​5.

34.	 Pitarokili D, Tzakou O, Loukis A, Harvala C. Volatile metabolites from Salvia 
fruticosa as antifungal agents in soilborne pathogens. J Agric Food Chem. 
2003;51(11):3294–301. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​2​1​​/​j​​f​0​2​1​1​5​3​4.

35.	 Alqudah A, Qnais E, Gammoh O, Bseiso Y, Wedyan M. Potential anti-inflamma-
tory activity of the Salvia fruticosa Mill. essential oil. J pharm pharmacogn res. 
2024;12(1):14–26. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​6​4​9​​9​/​​j​p​p​​r​e​s​​2​3​.​1​​7​2​​4​_​1​2​.​1​.​1​4.

36.	 Gali-Muhtasib HU, Affara NI. Chemopreventive effects of sage oil on skin 
papillomas in mice. Phytomedicine. 2000;7:129–36. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​
0​9​4​4​-​7​1​1​3​(​0​0​)​8​0​0​8​5​-​9.

37.	 Ertosun GB, Ergen M, Bardakcı H, Barak TH, Suyen G. Cholinergic cognitive 
enhancer effect of Salvia triloba L. essential oil inhalation in rats. Marmara 
Med J. 2023;36(3):361–70. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​4​7​2​​/​m​​a​r​u​m​j​.​1​3​6​8​3​4​5.

38.	 Elsayed HE, El-Deeb EM, Taha H, Taha HS, Elgindi MR, Moharram FA. Essential 
oils of Psidium cattleianum Sabine leaves and flowers: Anti-inflammatory and 
cytotoxic activities. Front. Chem. 2023;11:1120432; ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​c​
h​e​m. 

39.	 Hashemi P, Yarahmadi A, Shamizadeh M, Khademi K. Comparison of head-
space solvent microextraction, hydrodistillation solvent microextraction, and 
solid-phase microextraction for the study of volatile components of Kelussia 
odoratissima Mozaff. by GC-MS. Acta Chromatogr. 2012;24(1):97–109. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​5​6​​/​A​​C​h​r​o​m​.​2​4​.​2​0​1​2​.​1​.​9.

40.	 Clinical and Laboratory Standard Institute (CLSI). Performance standard for 
antimicrobial susceptibility testing. 35th ed. CLSI suppl. M100; 2025.

41.	 Gholizadeh SS, Baserisalehi M, Bahador N. Study on bioactive compounds 
produced by soil origin Brevibacillus spp. Nat Environ Pollut Technol. 
2013;12(2):209.

42.	 Shinde RA, Adole VA, Jagdale BS. Antimicrobial and computational investiga-
tion of two 2, 3-dihydro‐1 H‐inden‐1‐one derived fluorinated chalcone 

https://doi.org/10.1038/nri2515
https://doi.org/10.1038/nri2515
https://doi.org/10.3402/mehd.v26.26191
https://doi.org/10.3402/mehd.v26.26191
https://doi.org/10.1016/j.semcdb.2018.02.001
https://doi.org/10.1016/j.semcdb.2018.02.001
https://doi.org/10.1080/09546634.2017.1360989
https://doi.org/10.1080/09546634.2017.1360989
https://doi.org/10.1016/j.sciaf.2021.e00706
https://doi.org/10.3390/molecules24112130
https://doi.org/10.1016/j.clindermatol.2009.05.015
https://doi.org/10.1016/j.clindermatol.2009.05.015
https://doi.org/10.3390/molecules24244570
https://doi.org/10.1111/j.1472-765X.2008.02406.x
https://doi.org/10.1111/j.1472-765X.2008.02406.x
https://doi.org/10.3390/molecules15129252
https://doi.org/10.3390/molecules15129252
https://doi.org/10.1002/jsfa.4505
https://doi.org/10.1002/jsfa.4505
https://doi.org/10.1177/1934578X0900400827
https://doi.org/10.1177/1934578X0900400827
https://doi.org/10.1080/10496470903139488
https://doi.org/10.37929/nveo.852794
https://doi.org/10.37929/nveo.852794
https://doi.org/10.3732/ajb.91.7.1115
https://doi.org/10.3732/ajb.91.7.1115
https://doi.org/10.1055/s-2002-34408
https://doi.org/10.1016/j.focha.2025.101048
https://doi.org/10.1016/j.focha.2025.101048
https://doi.org/10.1016/j.ajic.2003.12.008
https://doi.org/10.1016/j.ajic.2003.12.008
https://doi.org/10.1177/1934578X0600100909
https://doi.org/10.1177/1934578X0600100909
https://doi.org/10.1016/j.suc.2009.01.001
https://doi.org/10.2147/IJN.S152529
https://doi.org/10.2147/IJN.S152529
https://doi.org/10.5281/zenodo.1161339
https://doi.org/10.5281/zenodo.1161339
https://doi.org/10.21608/ejdr.2015.5955
https://doi.org/10.21608/ejdr.2014.5815
https://doi.org/10.21608/ejdr.2014.5815
https://doi.org/10.17660/ActaHortic.2003
https://doi.org/10.17660/ActaHortic.2003
https://doi.org/10.1080/10412905.1999
https://doi.org/10.1080/10412905.1999
https://doi.org/10.1556/AChrom.21.2009.3.9
https://doi.org/10.2298/ABS1301321G
https://doi.org/10.2298/ABS1301321G
https://doi.org/10.3906/kim-1303-25
https://doi.org/10.3906/kim-1303-25
https://doi.org/10.1021/jf0211534
https://doi.org/10.56499/jppres23.1724_12.1.14
https://doi.org/10.1016/S0944-7113(00)80085-9
https://doi.org/10.1016/S0944-7113(00)80085-9
https://doi.org/10.5472/marumj.1368345
https://doi.org/10.3389/fchem
https://doi.org/10.3389/fchem
https://doi.org/10.1556/AChrom.24.2012.1.9
https://doi.org/10.1556/AChrom.24.2012.1.9


Page 13 of 14Hashad et al. BMC Complementary Medicine and Therapies          (2026) 26:165 

motifs. Vietnam J Chem. 2021;59(6):800–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​v​​j​c​h​.​2​0​2​1​
0​0​0​2​8.

43.	 Balouiri M, Sadiki M, Ibnsouda SK. Methods for in vitro evaluating antimicro-
bial activity: A review. J Pharm Anal. 2016;6(2):71–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​
p​h​a​.​2​0​1​5​.​1​1​.​0​0​5.

44.	 Foerster S, Unemo M, Hathaway LJ, Low N, Althaus CL. Time-kill curve analysis 
and pharmacodynamic modelling for in vitro evaluation of antimicrobials 
against Neisseria gonorrhoeae. BMC microbiol. 2016;16(1):216. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​1​8​6​​/​s​​1​2​8​6​6​-​0​1​6​-​0​8​3​8​-​9.

45.	 Khazaal MT, Faraag AH, El-Hendawy HH. In vitro and in silico studies of entero-
bactin-inspired Ciprofloxacin and Fosfomycin first generation conjugates on 
the antibiotic resistant E. coli OQ866153. BMC microbiol. 2024; 24(1):95; ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​6​6​-​0​2​4​-​0​3​2​4​8​-​x

46.	 Kang J, Jin W, Wang J, Sun Y, Wu X, Liu L. Antibacterial and anti-biofilm activi-
ties of peppermint essential oil against Staphylococcus aureus. LWT - Food Sci 
Technol. 2019;101:639–45. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​l​w​t​.​2​0​1​8​.​1​1​.​0​9​3.

47.	 Salem SS, Elsayed HE, Shabana S, Khazaal MT, Moharram FA. Phytochemical 
profile and antimicrobial activity of essential oils from two Syzygium species 
against selected oral pathogens. BMC complement med ther. 2023;23(1):448. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​0​6​-​0​2​3​-​0​4​2​7​7​-​1.

48.	 Rassem HH, Nour AH, Yunus RM. Techniques for extraction of essential oils 
from plants: a review. Aust j basic appl sci. 2016;10(16):117–27.

49.	 Kamel RA, Teiama MS, El-Hagrassi AM, Elgayed SH, Khattab MA, El-Sayed 
EK, Ibrahim MT, Mady MS, Moharram FA. Appraisal on the wound healing 
potential of Deverra tortuosa DC. and Deverra triradiata Hochst essential oil 
nanoemulsion topical preparation. Front Pharmacol. 2022;13:940988. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​p​h​a​r​.​2​0​2​2​.​9​4​0​9​8​8.

50.	 Mishra S, Rathore AK. Comparative study of the performance of supercritical 
fluid extraction, microwave assisted hydro-distillation and hydro-distillation 
of Lemongrass (Cymbopogon citratus): A Review. G-j. environ. sci. technol. 
2021;8:20–7.

51.	 Tawfik NF, El-Sayed N, Mahgoub S, Khazaal MT, Moharram FA. Chemical analy-
sis, antibacterial and anti-inflammatory effect of Achillea fragrantissima essen-
tial oil growing wild in Egypt. BMC complement med ther. 2024;24(1):385. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​0​6​-​0​2​4​-​0​4​6​3​3​-​9.

52.	 Oreopoulou A, Tsimogiannis D, Oreopoulou V. Extraction of polyphenols from 
aromatic and medicinal plants: an overview of the methods and the effect of 
extraction parameters. Polyphenols plants. 2019;243–59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
0​1​6​​/​B​​9​7​8​​-​0​-​​1​2​-​8​​1​3​​7​6​8​-​0​.​0​0​0​2​5​-​6.

53.	 Fagbemi KO, Aina DA, Olajuyigbe OO. Soxhlet extraction versus hydrodistil-
lation using the clevenger apparatus: A comparative study on the extraction 
of a volatile compound from Tamarindus indica seeds. Sci. World J The. 
2021;2021(1):5961586. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​5​5​​/​2​​0​2​1​/​5​9​6​1​5​8​6.

54.	 Aati HY, Perveen S, Aati S, Orfali R, Alqahtani JH, Al-Taweel AM, Wanner J, Aati 
AY. Headspace solid-phase microextraction method for extracting volatile 
constituents from the different parts of Saudi Anethum graveolens L. and their 
antimicrobial activity. Heliyon. 2022;8(3):e09051. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​e​​l​i​
y​​o​n​.​2​​0​2​​2​.​e​0​9​0​5​1.

55.	 Patel RP, Singh R, Rao BR, Singh RR, Srivastava A, Lal RK. Differential response 
of genotype× environment on phenology, essential oil yield and qual-
ity of natural aroma chemicals of five Ocimum species. Ind Crops Prod. 
2016;87:210–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​i​n​​d​c​r​​o​p​.​2​​0​1​​6​.​0​4​.​0​0​1.

56.	 Carvalho Filho JLS, Blank AF, Alves PB, Ehlert PA, Melo AS, Cavalcanti SC, 
Arrigoni-Blank MF, Silva-Mann R. Influence of the harvesting time, tempera-
ture and drying period on basil (Ocimum basilicum L.) essential oil. Rev bras 
farmacogn. 2006;16:24–30. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​9​0​​/​S​​0​1​0​​2​-​6​​9​5​X​2​​0​0​​6​0​0​0​1​0​0​0​
0​7.

57.	 Navarro MA, McClane BA, Uzal FA. Mechanisms of action and cell death 
associated with Clostridium perfringens toxins. Toxins. 2018;10(5):212. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​t​​o​x​i​n​s​1​0​0​5​0​2​1​2.

58.	 Uzal FA, Freedman JC, Shrestha A, Theoret JR, Garcia J, Awad MM, Adams 
V, Moore RJ, Rood JI, McClane BA. Towards an understanding of the role of 
Clostridium perfringens toxins in human and animal disease. Future Microbiol. 
2014;9(3):361–77. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​2​1​7​​/​f​​m​b​.​1​3​.​1​6​8.

59.	 Hu WS, Woo DU, Kang YJ, Koo OK. Biofilm and spore formation of Clostridium 
perfringens and its resistance to disinfectant and oxidative stress. Antibiotics. 
2021;10(4):396. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​a​​n​t​i​​b​i​o​​t​i​c​s​​1​0​​0​4​0​3​9​6.

60.	 Linke K, Rückerl I, Brugger K, Karpiskova R, Walland J, Muri-Klinger S, Tichy 
A, Wagner M. StesslB. Reservoirs of Listeria species in three environmental 
ecosystems. Appl Environ Microbiol. 2014;80(18):5583–92. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​1​2​8​​/​A​​E​M​.​0​1​0​1​8​-​1​4.

61.	 Barbuddhe SB, Chakraborty T. Listeria as an enteroinvasive gastrointestinal 
pathogen. In: Sasakawa C, editor. Molecular mechanisms of bacterial infec-
tion via the Gut. Current Topics in Microbiology and Immunology. Berlin, 
Heidelberg: Springer; 2009. p. 337. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​9​​7​8​-​​3​-​6​​4​2​-​0​​1​8​​4​
6​-​6​_​6.

62.	 Lane AB, Copeland NK, Onmus-Leone F, Lawler JV. Methicillin-Resistant Staph-
ylococcus aureus as a probable cause of antibiotic‐associated enterocolitis. 
Case rep. infect. dis. 2018;2018(1):3106305; ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​5​5​​/​2​​0​1​8​/​3​1​0​
6​3​0​5

63.	 Lu J, Wang A, Ansari S, Hershberg RM, Mckay DM. Colonic bacterial supe-
rantigens evoke an inflammatory response and exaggerate disease in mice 
recovering from colitis. Gastroenterology. 2003;125(6):1785–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​5​3​​/​j​​.​g​a​s​t​r​o​.​2​0​0​3. 09.020.

64.	 Kwak YK, Vikström E, Magnusson KE, Vécsey-Semjén B, Colque-Navarro P, 
Möllby R. The Staphylococcus aureus alpha-toxin perturbs the barrier function 
in Caco-2 epithelial cell monolayers by altering junctional integrity. Infect 
Immun. 2012;80(5):1670–80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​2​8​​/​i​​a​i​.​0​0​0​0​1​-​1​2.

65.	 Barnes AM, Dale JL, Chen Y, Manias DA, Quaintance KEG, Karau MK, Kashyap 
PC, Patel R, Wells CL, Dunny GM. Enterococcus faecalis readily colonizes the 
entire gastrointestinal tract and forms biofilms in a germ-free mouse model. 
Virulence. 2017;8(3):282–96. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​2​​1​5​0​​5​5​9​​4​.​2​0​​1​6​​.​1​2​0​8​8​9​0.

66.	 Chaguza C, Pöntinen AK, Top J, Arredondo-Alonso S, Freitas AR, Novais C, Tor-
res C, Bentley SD, Peixe L, Coque TM, Willems RJL, Corander J. The population-
level impact of Enterococcus faecalis genetics on intestinal colonization and 
extraintestinal infection. Microbiol Spectr. 2023;11(6):e00201–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​1​1​2​8​​/​s​​p​e​c​t​r​u​m. 00201 – 23.

67.	 Kallus SJ, Brandt LJ. The intestinal microbiota and obesityJ. Clin Gastroenterol. 
2012;46(1):16–24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​M​​C​G​.​​0​b​0​​1​3​e​3​​1​8​​2​3​7​1​1​f​d.

68.	 Dubreuil JD. The whole Shebang: the gastrointestinal tract, Escherichia coli 
enterotoxins and secretion. Curr Issues Mol Biol. 2012;14(2):71–82. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​2​1​7​7​​5​/​​c​i​m​b​.​0​1​4​.​0​7​1.

69.	 Petersen AM. Gastrointestinal dysbiosis and Escherichia coli pathobionts in 
inflammatory bowel diseases. Apmis. 2022;130:1–38. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​
a​​p​m​.​1​3​2​5​6.

70.	 Lamichhane B, Mawad AMM, Saleh M, Kelley WG, Harrington PJ II, Lovestad 
CW, Amezcua J, Sarhan MM, El Zowalaty ME, Ramadan H, Morgan M, Helmy 
YA. Salmonellosis: An overview of epidemiology, pathogenesis, and innova-
tive approaches to mitigate the antimicrobial resistant infections. Antibiot 
(Basel). 2024;13(1):76. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​a​​n​t​i​​b​i​o​​t​i​c​s​​1​3​​0​1​0​0​7​6.

71.	 Aljahdali NH, Sanad YM, Han J, Foley SL. Current knowledge and perspectives 
of potential impacts of Salmonella enterica on the profile of the gut micro-
biota. BMC Microbiol. 2020;20(1):353. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​6​6​-​0​2​0​-​0​2​
0​0​8.

72.	 Horne JE, Brockwell DJ, Radford SE. Role of the lipid bilayer in outer 
membrane protein folding in Gram-negative bacteria. J Biol Chem. 
2020;295(30):10340–67. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​7​4​​/​j​​b​c​.​R​E​V​1​2​0​.​0​1​1​4​7​3.

73.	 Wang Y, Zhang Y, Song X, Fang C, Xing R, Liu L, Zhao X, Zou Y, Li L, Jia R, Ye 
G, Shi F, Zhou X, Zhang Y, Wan H, Wei Q, Yin Z. 1,8-Cineole inhibits biofilm 
formation and bacterial pathogenicity by suppressing luxS gene expression 
in Escherichia coli. Front Pharmacol. 2022;13:988245. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​
p​h​a​r​.​2​0​2​2​.​9​8​8​2​4​5.

74.	 Farhanghi A, Aliakbarlu J, Tajik H, Mortazavi N, Manafi L, Jalilzadeh-Amin G. 
Antibacterial interactions of pulegone and 1, 8‐cineole with monolaurin 
ornisin against Staphylococcus aureus. Food Sci Nutr. 2022;10(8):2659–66. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​f​​s​n​3​.​2​8​7​0.

75.	 Pries R, Jeschke S, Leichtle A, Bruchhage KL. Modes of action of 1, 8-cineol in 
infections and inflammation. Metabolites. 2023;13(6):751. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​
3​9​0​​/​m​​e​t​a​b​o​1​3​0​6​0​7​5​1.

76.	 Sobhy M, Ali SS, Cui H, Lin L, El-Sapagh S. Exploring the potential of 1, 
8-cineole from cardamom oil against food-borne pathogens: antibacte-
rial mechanisms and its application in meat preservation. Microb Pathog. 
2023;184:106375. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​m​i​​c​p​a​​t​h​.​2​​0​2​​3​.​1​0​6​3​7​5.

77.	 Kim YM, Shin M, Kang JW, Kang DH. Effect of sub-lethal treatment of carva-
crol and thymol on virulence potential and resistance to several bactericidal 
treatments of Staphylococcus aureus. J Food Saf. 2022;42(5):e13004. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​f​s​.​1​3​0​0​4.

78.	 Rahman F, Priya V, Gayathri R, Geetha RV. In vitro antibacterial activity of cam-
phor oil against oral microbes. Int J Pharm Sci Rev Res. 2016;39(1):119–21.

79.	 SantosEL, Freitas PR, Araujo ACJ, Almeida RS, Tintino SR, Paulo CLR, Filho 
JR, Silva AC, Silva LE, Wd A, Deschamps C, Junior JPS, Filho JMB, de Sousa 
GR, Coutinho HD. Phytochemical characterization and antibiotic potentiat-
ing effects of the essential oil of Aloysia gratissima (Gillies & Hook.) and 

https://doi.org/10.1002/vjch.202100028
https://doi.org/10.1002/vjch.202100028
https://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.1186/s12866-016-0838-9
https://doi.org/10.1186/s12866-016-0838-9
https://doi.org/10.1186/s12866-024-03248-x
https://doi.org/10.1186/s12866-024-03248-x
https://doi.org/10.1016/j.lwt.2018.11.093
https://doi.org/10.1186/s12906-023-04277-1
https://doi.org/10.1186/s12906-023-04277-1
https://doi.org/10.3389/fphar.2022.940988
https://doi.org/10.3389/fphar.2022.940988
https://doi.org/10.1186/s12906-024-04633-9
https://doi.org/10.1186/s12906-024-04633-9
https://doi.org/10.1016/B978-0-12-813768-0.00025-6
https://doi.org/10.1016/B978-0-12-813768-0.00025-6
https://doi.org/10.1155/2021/5961586
https://doi.org/10.1016/j.heliyon.2022.e09051
https://doi.org/10.1016/j.heliyon.2022.e09051
https://doi.org/10.1016/j.indcrop.2016.04.001
https://doi.org/10.1590/S0102-695X2006000100007
https://doi.org/10.1590/S0102-695X2006000100007
https://doi.org/10.3390/toxins10050212
https://doi.org/10.3390/toxins10050212
https://doi.org/10.2217/fmb.13.168
https://doi.org/10.3390/antibiotics10040396
https://doi.org/10.1128/AEM.01018-14
https://doi.org/10.1128/AEM.01018-14
https://doi.org/10.1007/978-3-642-01846-6_6
https://doi.org/10.1007/978-3-642-01846-6_6
https://doi.org/10.1155/2018/3106305
https://doi.org/10.1155/2018/3106305
https://doi.org/10.1053/j.gastro.2003
https://doi.org/10.1053/j.gastro.2003
https://doi.org/10.1128/iai.00001-12
https://doi.org/10.1080/21505594.2016.1208890
https://doi.org/10.1128/spectrum
https://doi.org/10.1128/spectrum
https://doi.org/10.1097/MCG.0b013e31823711fd
https://doi.org/10.21775/cimb.014.071
https://doi.org/10.21775/cimb.014.071
https://doi.org/10.1111/apm.13256
https://doi.org/10.1111/apm.13256
https://doi.org/10.3390/antibiotics13010076
https://doi.org/10.1186/s12866-020-02008
https://doi.org/10.1186/s12866-020-02008
https://doi.org/10.1074/jbc.REV120.011473
https://doi.org/10.3389/fphar.2022.988245
https://doi.org/10.3389/fphar.2022.988245
https://doi.org/10.1002/fsn3.2870
https://doi.org/10.1002/fsn3.2870
https://doi.org/10.3390/metabo13060751
https://doi.org/10.3390/metabo13060751
https://doi.org/10.1016/j.micpath.2023.106375
https://doi.org/10.1111/jfs.13004
https://doi.org/10.1111/jfs.13004


Page 14 of 14Hashad et al. BMC Complementary Medicine and Therapies          (2026) 26:165 

beta-caryophyllene. S Afr J Bot. 2021;143:1–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​a​j​b​.​2​0​
2​1​.​0​7​.​0​4​6.

80.	 Francomano F, Caruso A, Barbarossa A, Fazio A, La Torre C, Ceramella J, 
Mallamaci R, Sinicropi MS. β-Caryophyllene: a sesquiterpene with countless 
biological properties. Appl Sci. 2019;9(24):5420. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​a​​p​p​9​
2​4​5​4​2​0.

81.	 Legault J, Côté PA, Simard S, Pichette A. Iso-caryophyllene cytotoxicity 
induced by lipid peroxidation and membrane permeabilization in L-929 cells. 
J Appl Pharm Sci. 2013;3(8):025–31. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​7​3​2​4​​/​J​​A​P​S​.​2​0​1​3​.​3​8​0​5.

82.	 Politeo O, Maravić A, Burčul F, Carev I, Kamenjarin J. Phytochemical composi-
tion and antimicrobial activity of essential oils of wild growing Cistus species 
in Croatia. Nat Prod Commun. 2018;13(6):771–4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​1​​9​3​4​
5​7​8​X​1​8​0​1​3​0​0​6​3​1.

83.	 Taherkhani M, Masoudi S, Fatah Elahi R, Baradari T, Rustayian A. Identify the 
compounds in the essential oils of two plants from the Apiaceae family, 
Reichenb Torilis leptophylla and Boiss Thecocarpus meifolius, and study their 
antibacterial properties. Iran J Chem Chem Eng. 2012;31:65–70.

84.	 Harris R. Synergism in the essential oil world. Int J Aromather. 2002;12(4):179–
86. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​0​9​6​2​-​4​5​6​2​(​0​2​)​0​0​0​8​3​-​8.

85.	 Özay C, Pehlivan E. Factors affecting the biosynthesis and accumulation of 
plant secondary metabolites. J Fac Pharm Ankara. 2024;48(3):1248–63. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​4​8​​3​/​​j​f​p​a​u​.​1​4​8​8​0​4​2.

86.	 Merghni A, Belmamoun AR, Urcan AC, Bobiş O, Lassoued MA. 1, 8-cineol 
(eucalyptol) disrupts membrane integrity and induces oxidative stress in 
methicillin-resistant Staphylococcus aureus. Antioxidants. 2023;12(7):1388. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​a​​n​t​i​o​x​1​2​0​7​1​3​8​8.

87.	 Sun Y, Cai X, Cao J, Wu Z, Pan D. Effects of 1, 8-cineole on carbohydrate 
metabolism related cell structure changes of Salmonella. Front Microbiol. 
2018;9:1078. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​m​i​c​b​.​2​0​1​8​.​0​1​0​7​8.

88.	 Bassolé IHN, Juliani HR. Essential oils in combination and their antimicrobial 
properties. Molecules. 2012;17(4):3989–4006. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​o​l​e​c​u​
l​e​s​1​7​0​4​3​9​8​9.

89.	 Guillín Y, Cáceres M, Torres R, Stashenko E, Ortiz C. Effect of essential oils on 
the inhibition of biofilm and quorum sensing in Salmonella enteritidis 13076 
and Salmonella typhimurium 14028. Antibiotics. 2021;10(10):1191. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​3​3​9​0​​/​a​​n​t​i​​b​i​o​​t​i​c​s​​1​0​​1​0​1​1​9​1.

90.	 Melo RS, Albuquerque Azevedo ÁM, Gomes Pereira AM, Rocha RR, Bastos 
Cavalcante RM, Carneiro Matos MN, Lopes PHR, Gomes GA, Rodrigues THS, 
Santos HSD, Ponte IL, Costa RA, Brito GS, Júnior FEAC, Carneiro VA. Chemical 
composition and antimicrobial effectiveness of Ocimum gratissimum L. 
essential oil against multidrug-resistant isolates of Staphylococcus aureus and 
Escherichia coli. Molecules. 2019;24(21):3864. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​o​l​e​c​u​l​
e​s​2​4​2​1​3​8​6​4.

91.	 Tang C, Chen J, Zhang L, Zhang R, Zhang S, Ye S, Zhao Z, Yang D. Exploring 
the antibacterial mechanism of essential oils by membrane permeability, 
apoptosis and biofilm formation combination with proteomics analysis 
against methicillin-resistant Staphylococcus aureus. Int J Med Microbiol. 
2020;310(5):151435. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​i​j​m​m​.​2​0​2​0​.​1​5​1​4​3​5.

92.	 Merghni A, Noumi E, Hadded O, Dridi N, Panwar H, Ceylan O, Mastouri M, 
Snoussi M. Assessment of the antibiofilm and antiquorum sensing activities 
of Eucalyptus globulus essential oil and its main component 1, 8-cineole 
against methicillin-resistant Staphylococcus aureus strains. Microb Pathog. 
2018;118:74–80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​m​i​​c​p​a​​t​h​.​2​​0​1​​8​.​0​3​.​0​0​6.

93.	 Tepe B, Donmez E, Unlu M, Candan F, Daferera D, Vardar-Unlu G, Polissiou M, 
Sokmen A. Antimicrobial and antioxidative activities of the essential oils and 
methanol extracts of Salvia cryptantha (Montbret et Aucher ex Benth.) and 
Salvia multicaulis (Vahl). Food Chem. 2004;84(4):519–25. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​
1​6​​/​S​0​​3​0​8​-​8​1​4​6​(​0​3​)​0​0​2​6​7​-​X.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.sajb.2021.07.046
https://doi.org/10.1016/j.sajb.2021.07.046
https://doi.org/10.3390/app9245420
https://doi.org/10.3390/app9245420
https://doi.org/10.7324/JAPS.2013.3805
https://doi.org/10.1177/1934578X1801300631
https://doi.org/10.1177/1934578X1801300631
https://doi.org/10.1016/S0962-4562(02)00083-8
https://doi.org/10.33483/jfpau.1488042
https://doi.org/10.33483/jfpau.1488042
https://doi.org/10.3390/antiox12071388
https://doi.org/10.3390/antiox12071388
https://doi.org/10.3389/fmicb.2018.01078
https://doi.org/10.3390/molecules17043989
https://doi.org/10.3390/molecules17043989
https://doi.org/10.3390/antibiotics10101191
https://doi.org/10.3390/antibiotics10101191
https://doi.org/10.3390/molecules24213864
https://doi.org/10.3390/molecules24213864
https://doi.org/10.1016/j.ijmm.2020.151435
https://doi.org/10.1016/j.micpath.2018.03.006
https://doi.org/10.1016/S0308-8146(03)00267-X
https://doi.org/10.1016/S0308-8146(03)00267-X

	﻿Impact of extraction method on the chemical composition and antibacterial potential of ﻿Salvia fruticosa﻿ essential oil
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Essential oils extraction
	﻿Hydrodistillation (HD)
	﻿Supercritical fluid extraction (SF)
	﻿Dynamic head-space GC/MS analysis
	﻿Gas chromatography-mass spectrometry (GC-MS) analysis


	﻿Antibacterial activity
	﻿Material
	﻿Susceptibility test
	﻿Determination of minimum inhibitory concentrations (MIC)
	﻿Determination of the minimum bactericidal concentration (MBC)
	﻿Time kill test
	﻿Anti-biofilm formation quantitative assay
	﻿Statistical analysis

	﻿Results


