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Abstract

Nowadays, the development of new antimicrobial agents to replace antibiotics, especially biological
compounds, is of great interest. In this study, the synthesis of nanoliposomes loaded with clove
essential oil and their use as antibacterial and antifungal agent were investigated. For this purpose,
liposomes were synthesized using the ethanol injection method with lecithin as a precursor in the
presence of clove essential oil. Their physicochemical properties were characterized using
transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FTIR), dynamic
light scattering (DLS) and zetasizer analysis. Then, their antimicrobial effects were evaluated
against Escherichia coli and Staphylococcus aureus bacteria, as well as Aspergillus niger,
Aspergillus terreus and Aspergillus flavus fungi. Nanoliposomes loaded with clove essential oil
showed high colloidal stability, with a zeta potential of -58.5 and no sedimentation was observed
even after 6 months. TEM imaging showed that the nanoparticles had a hemispherical and
homogeneous shape with a size range of 100-200 nm. Nanoliposomes showed high
biocompatibility, with 73.8% and 81.3% of human fibroblast cells remaining viable after incubation
with 200 pg/mL of the initial and clove essential oil-loaded nanoliposomes, respectively. Although
nanoliposomes loaded with clove essential oil showed limited antibacterial effect against S. aureus
and E. coli strains, they showed a potent antifungal effect on A. niger, A. terreus and A. flavus, with
complete growth inhibition of fungal mycelia at concentrations of 2, 2, and 1 mg/mL, respectively.
Based on the results, clove essential oil-loaded nanoliposomes can be a suitable antifungal agent for
food and pharmaceutical applications.
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Introduction

Infectious diseases continue to pose a major challenge to global health, ranking as the second leading cause of
mortality worldwide. The widespread use of antibiotics has contributed to a crisis of multidrug resistance among
bacterial pathogens, prompting the World Health Organization (WHO) to designate antimicrobial resistance as
one of humanity's most pressing health threats. Rising concerns about multidrug resistance have spurred research
efforts toward innovative therapeutic modalities, particularly those leveraging bioactive compounds derived from
natural sources. Plant-derived essential oils, rich in antimicrobial constituents, have emerged as promising
alternatives to conventional antibiotics, exerting their effects through mechanisms such as disrupting cellular
membranes, inhibiting protein synthesis, and interfering with DNA replication.

Among these, clove essential oil (CEO) has considered attention, due to its rich composition of bioactive
phenolics (e.g., eugenol and eugenol acetate), terpenes (e.g., beta-caryophyllene and alpha-humulene), and
hydrocarbons. The valuable properties of CEO, including antioxidant, anti-inflammatory, antibacterial, antifungal,
and insecticidal activities, make it versatile for various applications such as cosmetics, food preservation, and
pharmaceuticals. However, CEO's inherent volatility and susceptibility to degradation under environmental
stressors such as light and heat, compromise its efficacy and longevity. Encapsulation technologies address these
limitations by enhancing stability, bioavailability, and controlled release, thereby increasing the practical utility of
essential oils across various sectors.

The unique physicochemical properties of hanomaterials enable novel strategies for breaching microbial barriers,
including bacterial cell walls, efflux pumps, and biofilms. Among different nanoparticles, nanoliposomes have
garnered significant attention as carriers for bioactive agents. These vesicular structures, composed of
phospholipids derived from biocompatible sources such as lecithin, can encapsulate both hydrophilic and
hydrophobic compounds, protecting them from oxidative degradation. Their biocompatibility, biodegradability,
and non-immunogenicity make them ideal for food and medical applications. Among various methods for
synthesizing nanoliposomes, ethanol injection is favored due its simplicity, cost-effectiveness, and scalability.

In this study, nanoliposomes were synthesized by ethanol injection and loaded with CEO. The resulting
nanoliposomes were then characterized for their physicochemical properties using advanced techniques such as
transmission electron microscopy (TEM), Fourier-transform infrared spectroscopy (FTIR), dynamic light
scattering (DLS), and Zetasizer analysis. Subsequently, the antimicrobial efficacy of these CEO-loaded
nanoliposomes was evaluated against bacterial strains (E. coli and S. aureus) and fungal species (A. niger, A.
terreus, and A. flavus). Cytotoxicity assessments on human fibroblast cells highlighted their biocompatibility,
suggesting their potential as antifungal agents for the food and pharmaceutical industries.

Materials & Methods

Ethanol (99%), dimethyl sulfoxide (99.9%), and L-alpha lecithin (97%) were purchased from Merck (Germany).
The bacterial and fungal culture media were purchased from Condalab (Spain). 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was purchased from Sigma (Germany). RPMI-1640 medium, trypsin, fetal
bovine serum, and penicillin-streptomycin solution were purchased from Gibco. Cefixime antibiotic powder was
donated by Farabi Pharmaceutical Company.

Clove essential oil was extracted from dried clove bud powder via hydrodistillation. Briefly, 10 g of bud powder
were ultrasonicated with 100 mL of distilled water for 30 min, then subjected to distillation in a Clevenger
apparatus at 150 °C for 4 h.

For synthesis of nanoliposomes and CEO loading, a solution of 400 mg lecithin in 4 mL ethanol was
ultrasonicated for 5 min and stirred at 200 rpm for 3 h. Subsequently, 400 mg of CEO was added and stirred for
15 min. This mixture was then injected into 20 mL of distilled water under stirring, continuing for 2 h to form
liposomes. Ethanol was evaporated using a rotary evaporator at 150 °C for 2 h, resulting in a final sample with a
concentration of 20 mg/mL and an organic-to-aqueous phase ratio of 1:5.

The morphology and size of nanoliposomes were assessed by depositing a diluted sample on a carbon-coated grid,
drying, and imaging with a Philips EM208S TEM (Netherlands). Hydrodynamic diameter, polydispersity index
(PDI), and Zeta potential of the nanoliposomes were measured using a Malvern Nano ZSP zeta sizer (UK).
Surface functional groups were characterized by FTIR spectroscopy (Jasco FT/IR-6300, Japan) using KBr-
pelletized samples in the 400-4000 cm range.
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Cytotoxicity of the samples was evaluated using the MTT assay on human fibroblast cells. Cells (10,000 per well)
were seeded in 96-well plates with 200 pL RPMI-1640 medium and incubated at 37 °C with 5% CO, for 24 h.
Nanoliposomes (both pre- and post-loading) at concentrations of 0, 10, 50, 100, and 200 pg/mL were added and
incubated for 48 h. The medium was then replaced with 100 pL of fresh medium containing 0.5 mg/mL MTT,
followed by incubation for 4 h. The resulting formazan crystals were dissolved in 100 uL DMSO. Absorbance
was measured at 570 nm, and cell viability was calculated relative to untreated controls.

Antibacterial activity of samples was evaluated against E. coli (ATCC 25922) and S. aureus (ATCC 25923) using
the agar well diffusion method in triplicate. Bacterial colonies were inoculated in 15 mL Luria-Bertani broth,
incubated at 37 °C with shaking at 150 rpm for 24 h, and then diluted to an ODg3, 0f 0.08-0.13. One mL of this
suspension was spread on Mueller-Hinton agar plates. Subsequently, 100 pL of cefixime (1000 pg/mL) or CEO-
loaded nanoliposomes (2400, 3000, 3600 pg/mL) were added into the individual wells (6 mm diameter). After 18
h incubation at 37 °C, the diameters of the inhibition zones were measured.

Antifungal activity was evaluated against A. niger (ATCC 1015), A. terreus (ATCC 20541), and A. flavus (ATCC
200026) by the contact toxicity method on potato dextrose agar (PDA). CEO-loaded nanoliposomes (0.5, 1, 2
mg/mL) were incorporated into molten PDA, poured into plates, and a 1x1 cm fungal colony plug was placed in
the center of each plate. Then, plates were incubated at 35 °C for 5-7 days, mycelial growth was measured
orthogonally, and inhibition percentage was calculated as: [(control growth - treated growth)/control growth] x
100.

The statistical analyses involved triplicate experiments, with data expressed as mean + standard deviation. One-
way ANOVA assessed significance at a 99% confidence interval.

Discussion of Results & Conclusions

Stable colloidal CEO-loaded nanoliposomes were prepared with 20 mg/mL lecithin and active ingredient at an
organic-to-aqueous ratio of 1:5. These formulations were stabile for 6 months at room temperature without
sedimentation, underscoring the efficacy of the ethanol injection method for large scale production. TEM imaging
revealed semi-spherical and uniform nanoparticles in the size range of 100-200 nm, ideal for enhanced
permeability and microbial interaction. FTIR spectra confirmed surface functional groups (hydroxyl, carbonyl,
carboxyl) contributing to negative charge, corroborated by a zeta potential of -58.5 mV, which imparts colloidal
stability via electrostatic repulsion. DLS indicated a hydrodynamic diameter of 125 nm and PDI of 0.2, signifying
monodispersity and suitability for biomedical applications.

Cytotoxicity assays confirmed high biocompatibility, with unloaded nanoliposomes maintaining 73.8% fibroblast
viability at 200 pug/mL, which increased to 81.3% post-CEO loading, suggesting CEQ's protective or synergistic
effects.

Antibacterial evaluations showed dose-dependent effects. A significant inhibition (p < 0.01) against S. aureus was
observed only at 3600 pg/mL, with an 8.3 £ 0.6 mm zone of inhibition— comparable to cefixime's 9.1 + 1.3 mm
at 1000 pg/mL. No activity was observed against E. coli, potentially due to the outer membrane barrier of Gram-
negative bacteria or insufficient CEO release kinetics. This finding contrasts with previous reports of enhanced
antibacterial potency of encapsulated essential oils, such as thyme, against E. coli, indicating a need for surface
modifications or adjuvants to improve bacterial targeting.

Interestingly, CEO-loaded nanoliposomes showed dose-dependent inhibition of mycelial growth, A. flavus
achieved 100% inhibition at 1 mg/mL, while A. niger and A. terreus required 2 mg/mL for complete suppression.
At lower doses, inhibitions ranged 59.4-85%, highlighting species-specific sensitivities, with A. flavus most
vulnerable.

In conclusion, CEO-loaded nanoliposomes, synthesized via a facile method, exhibit robust antifungal activity
against Aspergillus spp., minimal cytotoxicity, and prolonged stability, positioning them as eco-friendly
alternatives for combating fungal infections in food and pharma sectors. This underscores nanotechnology's role in
revitalizing natural antimicrobials amid resistance crises, advocating for further translational research.
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Figure 2. Morphology of fibroblast cells (right) and the results of MTT assay (left) after treatment with CEO-loaded NLPs.

sl T S b padens 435 S35k doss Y s
b ol S ey s s T s s sk e Sl
o3 S lapsssd (ke 2 p 8 k) 05LS slackls

S il

Table 2. The inhibition percentage of mycelium growth
in A. niger, A. flavus, and A. terreus after treatment with
different concentrations (mg mL?) of CEO-loaded
nanoliposomes.

Cor)centratlon 0 05 1 2
Species
A. niger 0| 823+09 | 8+0.7 | 100
A. flavus 0| 71905 100 100
A. terreus 0| 594+19 | 68.3+1.6 | 100
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Table 1. The inhibition zone diameter (mm) for cefixime
antibiotic (right column) and different concentrations (pg

mL!) of CEO-loaded nanoliposomes on S. aureus and E.
coli bacteria.

Concentration | s554 | 3000 | 2400 | 1000
ISpecies
S. aureus 8.3+ 0.6** 0 91+13
E. coli 0 0 0 | 73+09

doi: 10.22108/bjm.2026.148096.1665



doi:%2010.22108/bjm.2026.148096.1665

A SoS g aldlpl 5 e )T )T/ gy 1 5 Son uilnl L oSSl Slapsssed s (ol a5 2

R

ol Oyl i sLié 55> LI A pind 5 e
Ogper S 5, ladls [l Golw Oysen S
03)5 Ompet Sl mba 5 013 KT 4 5 1587 ol s
ol oo (0D T (o0 s 4 jhn 3L 5 o f a0sS
2 0T 0328 5008 6l 5 o &K 55
e ol b g ied S0 80l Gl o
Llawdls cowle ST L;LAU,'};:J}JU Cabe ¢l 0
(Sl Wsw (BU1 G5 ray s s SO
Sl b e o A o S5 6 IS s e
o IRl gl JEL ey OS5 s e slanS)
ol pls (OA) Sl ol 5 osil plide 55 aps)sed

Sl BB G5 oo b osed 4l 2 slaps)sd ol

= =
el b o518 5 (slap 355 S 2l e 2 0,8 hn t 5 /D ) Y o el 5D 0 SLS slaclile les e 03T s ¥ S
(‘ml{t)wjj“rjc(.]am))wjj)brc(yb)ﬁbrduc)udjjéiy

Figure 3. The results of contact toxicity of different concentrations (0, 0.5, 1, and 2 mg mL™") of CEO-loaded NLPs on A.
niger (up), A. flavus (middle), and A. terreus (down).
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