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Keywords: ABSTRACT

Libyan Propolis. Propolis, a resinous substance collected by honeybees, exhibits antimicrobial properties
Commercial Propolis Extract. attributed to its flavonoid and phenolic content, which vary significantly with geographical
Antifungal Activity. origin. This study evaluated and compared the antifungal efficacy of crude Libyan propolis
Aspergillus Niger. (CLP) and commercial propolis extract (CPE) against Aspergillus niger, Aspergillus ochraceus,
Aspergillus Ochraceus. and Penicillium spp. using mycelial growth inhibition on agar (10, 25, and 50 mg mL™") and

biomass dry-weight quantification in broth (1, 5, and 10 mg mL™"), with all experiments
performed in triplicate and data analysed by three-way ANOVA. Both propolis types
significantly inhibited fungal growth compared with controls (p <0.001). CLP showed superior
activity against A. niger (64.7% inhibition at 25 mg mL") compared with CPE, which achieved
comparable inhibition (45.1%) only at 50 mg mL™, a twofold higher concentration. Against A.
ochraceus, CLP exhibited maximal inhibition at 10 mg mL™ (76.4%), while CPE provided
stable inhibition (58.8—-67.0%) across concentrations. In biomass assays, Penicillium spp. was
most sensitive to CPE at 10 mg mL™! (1.42 g), and a hormetic effect was observed at 1 mg mL™!
CPE, where biomass exceeded controls by up to 86%. These findings demonstrate that both
CLP and CPE possess species-specific antifungal activity. CLP was particularly effective
against A. niger, whereas CPE showed greater activity against Penicillium spp. The observed
biphasic and hormetic responses underscore the importance of dose optimisation. Libyan
propolis therefore represents a promising natural antifungal agent for food preservation.
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1. Introduction

Propolis, or “bee glue,” is a resinous substance collected by honeybees
(Apis mellifera) from plant exudates such as buds and sap flows [1]. It
is used within the hive for structural reinforcement and antimicrobial
protection and is widely recognised for its broad-spectrum
antimicrobial, antifungal, anti-inflammatory, and antioxidant
activities [2,3].

Its chemical composition varies significantly with geography, flora,
and climate [4]. Typically, propolis contains resinous compounds,
wax, essential oils, pollen, and minor organic constituents, with
flavonoids and phenolic acids identified as the primary bioactive
components [2,5]. These compounds include pinocembrin, galangin,
chrysin, quercetin, caffeic acid, and ferulic acid derivatives.

Libyan propolis has gained attention due to Libya’s strong ecological
contrast between Mediterranean coastal zones and Saharan desert
regions [6]. This diversity produces chemically distinct propolis
profiles. A comprehensive analysis of Libyan samples identified five
phytochemical clusters, confirming substantial regional variability [6].
Libyan propolis is rich in flavonoids and phenolics, alongside tannins,
alkaloids, and saponins, with reported quantitative variation across
samples [7,8]. Such compositional diversity is expected to influence
biological activity.

Propolis exhibits antimicrobial effects through multiple mechanisms,
including disruption of fungal cell membranes, inhibition of cell wall
synthesis, enzymatic interference, and suppression of mycotoxin
production [3,9]. Its antifungal potential against food spoilage fungi
has been widely reported [10]. Libyan raw propolis (RLP) has
demonstrated dose-dependent inhibition against Aspergillus niger,
Aspergillus ochraceus, and Penicillium spp., with strong activity
reported at higher concentrations [11]. Similar activity has been
observed in regional Libyan samples, including Misurata propolis,
against multiple fungal species [10].

These fungi are major agents of food spoilage and mycotoxin
contamination. 4. niger is associated with fruit and vegetable decay,
A. ochraceus produces ochratoxin A, and Penicillium spp. contribute
to spoilage of dairy and bakery products and may produce patulin
[12,13]. Growing demand for natural preservatives has intensified
interest in plant-derived antifungal agents [14,15].

Despite promising results for raw Libyan propolis, commercial
extracts differ due to variations in origin, extraction methods, and
standardisation [16,17]. Commercial propolis is typically sourced
from temperate regions and exhibits more uniform chemical profiles
[2,17]. Given Libya’s unique botanical diversity, its propolis may
display distinct or enhanced antifungal activity. However, direct
comparative studies between Libyan and commercial propolis under
identical experimental conditions remain limited.

Therefore, this study evaluates and compares the antifungal activity of
Libyan propolis and commercial propolis extracts against A. niger, A.
ochraceus, and Penicillium spp. using parallel solid and liquid assays.
The work aims to determine species-specific efficacy patterns, dose—
response behaviour, and the potential of Libyan propolis as a
regionally derived natural antifungal agent for food preservation
applications.

2. Materials and Methods

This study investigated the antifungal efficacy of raw Libyan propolis
(RLP) and commercial propolis extract (CPE) against 4. niger, A.
ochraceus, and Penicillium spp. using two distinct methodological
approaches: mycelial growth inhibition and a multi-method biomass
quantification approach. PDA (solid medium) was used for the
mycelial growth inhibition assay to measure radial colony growth,
while PSB (liquid medium) was used for the biomass assay to ensure

uniform dispersion of the extract and enable subsequent determination
of mycelial dry weight. Both media shared the same potato dextrose
base to maintain nutritional consistency across assays.

2.1 Propolis Samples

Two propolis samples were utilized in this study. Raw Libyan propolis
(RLP) was sourced directly from local beekeepers in Libya. The
propolis was collected from hives located in the northern agricultural
belt of Libya (a region spanning multiple towns; exact town/region
unknown because the material was pooled from several apiaries). This
region is known for its distinct floral diversity [7, 11]. The second
sample, a commercial propolis extract (CPE) used in this study, was a
5:1 extract powder (1500 mg equivalent, 300 mg per capsule) from
NOW Foods (Bloomingdale, IL, USA; brand: NOW Foods). The raw
propolis was collected from domestic and overseas beekeepers, and
the product was made and quality tested in the USA with globally
sourced ingredients. The CPE is standardized to 70% total propolis
constituents and 7% flavones. The extraction method was water-based
and alcohol-free. procured for comparative analysis.

2.2 Fungal Strains

The fungal strains investigated included Aspergillus niger, Aspergillus
ochraceus, and Penicillium spp. These strains were previously isolated
and identified from spoiled food products (specifically bread) in a
prior study [11]. The strains were re-cultured on Potato Dextrose Agar
(PDA) plates and incubated at 27°C to obtain actively growing
cultures. For all experiments, 5 mm diameter disks were cut from the
leading edge of 7-day old fungal cultures using a sterile cork borer.
2.3 Myecelial Growth Inhibition

The antifungal activity of RLP and CPE on fungal mycelial growth
was assessed using the direct contact agar phase method on PDA
plates [18]. Three concentrations of each propolis sample were
prepared: 10 mg/ml, 25 mg/ml, and 50 mg/ml. These concentrations
were achieved by dissolving 0.1 g, 0.25 g, and 0.5 g of propolis,
respectively, in 10 ml of dimethyl sulfoxide (DMSO). The propolis
solutions were then incorporated into cooled, molten PDA before
solidification. Control plates included sterile distilled water and 2%
DMSO to account for potential solvent effects. Each treatment,
including controls, was performed in triplicate.

The plates were inoculated centrally with a 5 mm fungal disk and
incubated at 27 °C. After 7 days, when the control fungi had reached
full growth, the radial growth of the fungal colonies was measured in
two perpendicular directions. The percentage of fungal growth
inhibition was calculated using the formula described by [18]:
Growth inhibition (%) = [(growth in control — growth in sample) /
growth in control] x 100.

The minimum inhibitory concentration (MIC) was defined as the
lowest extract concentration that resulted in little to no fungal growth
after 7 days.

2.4 Biomass Dry Weight Comparison

For biomass dry weight assessment, Potato Sucrose Broth (PSB) was
prepared, and 100 ml aliquots were dispensed into 250 ml Erlenmeyer
flasks. These flasks were then sterilized via autoclaving at 121°C for
15 minutes. Upon cooling, the pH of the broth in each flask was
adjusted to 5.6 using two drops of lactic acid to create optimal
conditions for fungal growth.

RLP and CPE were incorporated into the PSB at three final
concentrations: 1 mg/ml, 5 mg/ml, and 10 mg/ml. Fungal disks (5 mm
diameter) from 7-day old cultures of A. niger, A. ochraceus, and
Penicillium spp. grown on PDA were introduced into the respective
flasks; no further standardization of spore density or biomass was
performed. Each fungus-propolis concentration combination was
tested in triplicate. Control flasks contained only the nutrient medium
and fungal disks without any propolis.

The flasks were incubated in a shaker incubator at 120 rpm for 10 days
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at 25 + 2°C to promote submerged fungal growth. Following
incubation, the fungal biomass was harvested by vacuum filtration
using pre-weighed Whatman No. 2 filter paper. The wet weight of
each fungal biomass was recorded. Subsequently, the fungal
biomasses were dried in an oven at 70°C for 48 hours to determine the
constant dry weight. The mold biomass was determined by measuring
the dry weight of the mycelium after drying at 70 °C to constant
weight. following the method described by [19,20]. All reported
values represent the average of three replicates.

3. Statistical Analysis

The inhibition of radial mycelial growth and biomass data were
analyzed using Three-way ANOVA (Univariate Analysis of Variance)
and Post-hoc comparisons using Tukey’s HSD test (a0 = 0.05). All
statistical analyses were performed using IBM SPSS Statistics version
26.0 (IBM Corp., Armonk, NY, USA).

4. Results and Discussion

This study evaluated the antifungal efficacy of raw Libyan propolis
(RLP) and commercial propolis extract (CPE) against 4. niger, A.
ochraceus, and Penicillium spp. using mycelial growth inhibition on
solid media and biomass dry weight quantification in liquid culture.
4.1 Mycelial Growth Inhibition

A three-way analysis of variance (ANOVA) was performed on
mycelial growth (mm) with propolis type (Control, RLP, CPE),
concentration (0, 10, 25, 50 mg/ml), and pathogen (4. niger, A.
ochraceus) as fixed factors.

Mycelial Growth of A. niger and A. ochraceus Following Treatment
with RLP and CPE is shown in Table 1. Both propolis types
significantly inhibited mycelial growth compared with the control (p
<0.001), Table 2.

Table 1: Mean Mycelial Growth (+ Standard Deviation) of A. niger and 4. ochraceus Following Treatment with RLP and CPE

o,
Pathogen Propolis Type 10 mg/ml 25 mg/ml 50 mg/ml DMS é (/;on trol Sterile Distilled Water Control
A. niger RLP 5.00 +0.00 ° 3.00+1.00° 3.83+0.76 ™ 8.50+£0.00°¢ 8.50+0.00 ¢
A. ochraceus RLP 2.00+0.50° 3.50 +£0.50 *® 3.17+0.76 ® 8.50+0.00 ¢ 8.50+0.00 ¢
A. niger CPE 6.83+£0.29° 6.17+£0.29° 4.67+0.76 ° 8.50+£0.00 ¢ 8.50+0.00°
A. ochraceus CPE 2.83+0.70° 3.67+0.58® 3.50 +0.87 * 8.50£0.00°¢ 8.50+0.00 ¢

Note: Values in the same row (within each pathogen) with different superscript letters are significantly different (Tukey’s HSD, p < 0.05). The 2% DMSO control
did not significantly differ from the sterile distilled water control (p > 0.05, Tukey’s HSD). Data for both controls are shown separately for transparency.

The three-way ANOVA revealed a significant main effect of propolis
type (p <0.001) and a significant main effect of pathogen (p <0.001).
Significant two-way interactions were observed for propolis type X
pathogen (p = 0.002), indicating that the relative efficacy of RLP
versus CPE differed between the two fungal species. Simple effects

analysis (using Tukey HSD within each pathogen) revealed that RLP
was significantly more effective than CPE against both 4. niger (RLP
3.94 mm vs. CPE 5.89 mm, p < 0.001) and 4. ochraceus (RLP 2.89
mm vs. CPE 3.33 mm, p <0.05).

Table 2: Percentage Inhibition of Mycelial Growth by Raw Libyan Propolis (RLP) and Commercial Propolis Extract (CPE)

o,
Pathogen Propolis Type 10 mg/ml 25 mg/ml 50 mg/ml DMS é é)on trol Sterile Distilled Water Control
A. niger RLP 41.18% + 0.00 ab 64.71%+11.76 b 54.94% =+ 8.94ab 0 0
CPE 19.65% +3.41 a 2741%+3.41 a 45.06% + 8.94 ab 0 0
A. ochraceus RLP 76.47% +5.88b 58.82% + 5.88 ab 62.71% + 8.94 ab 0 0
CPE 66.71% + 8.24 ab 56.82% + 6.82 ab 58.82% + 10.24 ab 0 0

Note: Values in the same row (within each pathogen) with different superscript letters are significantly different (Tukey’s HSD, p < 0.05). The 2% DMSO control
did not significantly differ from the sterile distilled water control (p > 0.05, Tukey’s HSD). Data for both controls are shown separately for transparency

Furthermore, the concentration x pathogen interaction (p < 0.001)
reflects that the reduction in growth with increasing concentration was
more pronounced for 4. niger than for A. ochraceus Table 1. Post-hoc
comparisons using Tukey’s HSD test (o0 = 0.05) showed that all
propolis-treated groups (RLP and CPE at all concentrations) produced
significantly lower mycelial growth than the untreated control (p <
0.001). Both propolis types (RLP and CPE) significantly reduced
mycelial growth compared to the untreated control at all tested
concentrations (Dunnett’s test, p <0.001; see Table 3 for full ANOVA
results. The 2% DMSO solvent control produced mean colony
diameters of 8.50 + 0.00 mm for 4. niger and for A. ochraceus, which
were not significantly different from the sterile distilled water control
(8.50 £ 0.00 mm for both species; p > 0.05), confirming that DMSO
alone had no antifungal activity.

Table 3: Summary of SPSS Results

Source Df F p Partial n?
Propolis Type 1 30.311 <.001 0.558
Concentration 2 1.098 350 0.084
Pathogen 1 23.087 <001 0.490
Propolis Type x Concentration 2 2180 .135 0.154
Propolis Type x Pathogen 1 11.951 .002 0.332
Concentration x Pathogen 2 15262 <.001  0.560
Propolis Type x Concentration X Pathogen 2 3.098 .064 0.205

Note: Significant effects (p < 0.05) are shown in bold. The model explained
91.1% of the variance (R>=0.911, adjusted R? = 0.862).
Percentage inhibition ranged from 19.65% (CPE at 10 mg/ml
against 4. niger) to 76.47% (RLP at 10 mg/ml against A. ochraceus);
however, due to low statistical power, differences among
concentrations within each propolis type and pathogen were not

significant (see Limitations).

RLP exhibited a non-monotonic, biphasic response against A. niger,
Fig.1, with inhibition increasing up to 25 mg/mL (peak inhibition
64.7%) and then declining at 50 mg/mL (54.9%), suggesting a
hormetic or paradoxical effect at higher concentrations. In contrast,
RLP showed a more conventional monotonic dose-response against 4.

ochraceus, with inhibition decreasing gradually from 76.5% at 10
mg/mL to 58.8% at 25 mg/mL and 62.7% at 50 mg/mL.”
This pattern may reflect a biological phenomenon analogous to the
paradoxical effect (also known as the Eagle effect) described for
Aspergillus species exposed to certain antifungals [21].

0

Mycelial Growth Inhibition (%)

A.n"g! A ochraceus

Fig. 1: Comparing the percentage inhibition of mycelial growth for
Aspergillus niger and Aspergillus ochraceus treated with Raw
Libyan Propolis (RLP) and Commercial Propolis Extract (CPE) at
concentrations of 10, 25, and 50 mg/ml. Error bars represent standard
deviation (n=3).

Aspergillus species, particularly non-fumigatus species like 4. niger
and A. tubingensis, are known to exhibit reduced susceptibility to
azoles, and in some studies, this susceptibility profile includes a non-
monotonic response [22]. This phenomenon, while frequently
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documented with echinocandins (e.g., caspofungin) in Aspergillus,
has also been observed in studies investigating the complex
physiological responses of Aspergillus to azole antifungals such as
voriconazole or isavuconazole [21]. The proposed mechanisms for this
paradoxical effect include: (i) at low or sub-inhibitory concentrations,
Aspergillus species may show increased growth as a compensatory
stress response; (ii) at intermediate concentrations, growth is inhibited
through the expected fungistatic action targeting ergosterol
biosynthesis; and (iii) at very high concentrations, some isolates
exhibit renewed growth mediated by upregulation of alternative
pathways, such as ABC transporter efflux pumps or compensatory
ergosterol synthesis pathways, allowing the fungus to survive at supra-
MIC concentrations [21,22].

Species within the Aspergillus section Nigri, including 4. niger,
frequently exhibit high resistance to itraconazole and reduced
susceptibility to voriconazole compared to A. fumigatus [23]. This
non-monotonic response can complicate susceptibility testing, making
the determination of the Minimum Inhibitory Concentration (MIC)
challenging, as the fungus may appear resistant at low concentrations,
susceptible at intermediate concentrations, and then resistant again at
high concentrations [24]. Further studies are warranted to elucidate
whether the observed biphasic response to RLP involves similar
molecular mechanisms, including efflux pump activity or alterations
in membrane composition.

CPE demonstrated stable inhibition of A. ochraceus (58-66% across
all concentrations) and a gradual increase against 4. niger, reaching
45.06% at 50 mg/ml. The non-linear response of RLP against A.
ochraceus suggests a biphasic effect, likely due to optimal activity of
specific bioactive compounds at lower concentrations or antagonistic
interactions at higher doses [25].

Remarkably, RLP achieved 76.5% inhibition at only 10 mg/mL
against A. ochraceus, whereas a study by [11] reported 88.8%
inhibition but at a substantially higher concentration of 68 mg/mL.
This indicates that the propolis extract used in the current study
reaches near-maximal inhibitory activity at a much lower
concentration, suggesting a rapid plateau in the dose-response curve
[26,27], exemplifying how a nearly 7-fold increase in concentration
leads to only modest gains in biological activity, a phenomenon noted
in antifungal pharmacology.

The stable performance of CPE reflects its standardized composition
(70% propolis, 7% flavones), which ensures consistent bioavailability
of active principles [17, 28].

4.2 Biomass Dry Weight Comparison

In liquid culture, both propolis types reduced fungal biomass in a dose-
dependent manner, with species specific patterns Figures 2 and 3. For
RLP, biomass of 4. niger and Penicillium spp. decreased substantially
at 10 mg/ml, reaching 2.21 g and 2.46 g, respectively, while A.
ochraceus remained relatively less affected (4.54 g). Fig.2.

Figure 2: Biomass Reduction by Raw Libyan Propolis (RLP)
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Fig. 2: Biomass Reduction of Penicillium spp., A. niger, and A.
ochraceus by Raw Libyan Propolis (RLP)
For CPE, a hormetic effect was observed at 1 mg/ml: biomass of

Penicillium spp. and A. niger exceeded control values by 86% and
76%, respectively. At 5 and 10 mg/ml, strong inhibition occurred, with
Penicillium spp. biomass dropping to 1.42 g at 10 mg/ml, Fig.3.

Figure 3: Biomass Reduction by Commercial Propolis Extract (CPE)

Dry Biomass (g)

Fungal Species
=& Penicilium Spp
=@~ Aspergillus niger
—— Aspergillus ochraceus

Control 1mgimL SmgimL 10 mgimL

Congentration (mg/mL)

Fig. 3: Biomass Reduction of Penicillium spp., A. niger, and A.
ochraceus by Commercial Propolis Extract (CPE)

The stimulatory effect at low CPE concentrations is consistent with
hormesis, in which subinhibitory doses may provide nutrients or
trigger stress responses that temporarily enhance fungal growth [14,
25, 29]. The low-dose stimulatory effect of CPE on fungal growth,
while consistent with classical hormesis, may also involve several
non-mutually exclusive mechanisms. First, propolis contains not only
antimicrobial phenolics but also amino acids, vitamins, trace minerals,
and carbohydrates; at sub-inhibitory concentrations, these constituents
could act as supplementary nutrients, directly fueling fungal
metabolism. This interpretation is supported by evidence that propolis
enhances mycelial development in edible mushrooms when used as an
enrichment additive [30]. Second, a mild stress-induced adaptive
response (hormesis proper) remains plausible, whereby sub-lethal
doses activate stress-response pathways that temporarily enhance
growth a phenomenon well documented in fungi exposed to low doses
of fungicides and other chemicals [31,32]. Third, the xenohormesis
hypothesis proposes that heterotrophs have evolved to sense chemical
cues from stressed autotrophs as early environmental warnings;
because propolis is derived from plant resins collected by bees, its
bioactive compounds may be perceived by fungi as such signals,
triggering adaptive growth responses [33,34]. Fourth, the observed
species-specific ~ stimulation strong in Penicillium spp. and 4.
niger but minimal in 4. ochraceus suggests the involvement of taxon-
specific metabolic capabilities or stress-sensing pathways [35,36].
This finding underscores the necessity of using adequate propolis
concentrations to avoid unintended promotion of spoilage in food
applications.
4.3 Species Specific Efficacy
Penicillium spp. was the most sensitive to CPE at high concentrations,
while A. ochraceus was the most resistant across both propolis types
Fig.4. These results align with previous studies showing that Libyan
propolis effectively inhibits 4. ochraceus at higher concentrations (68
mg/ml) but exhibits lower inhibition against Penicillium spp. [11], and
that Misurata propolis exhibits differential activity against Aspergillus
and Penicillium species [10]. The resistance of 4. ochraceus may be
linked to its ability to produce ochratoxin A, which can confer stress
tolerance, as well as to structural features such as thicker cell walls or
melanin [12, 37, 38]. Conversely, the higher B-glucan content in
Penicillium cell walls may render them more susceptible to
membrane-active phenolic compounds [13, 39].
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Treatment Groups:
m Control (no treatment)
I Raw Libyan Propolis (RLP) extract
mm Commercial Propolis Extract (CPE)

w

Penicilium Spp

Aspergillus niger

Aspergillus ochraceus

Fig. 4: Antifungal activity of Raw Libyan Propolis (RLP) and
Commercial Propolis Extract (CPE) at 10 mg/ml against three fungal
species. Values represent the Biomass Reduction.

4.4 Comparative Efficacy and Geographic Influence

RLP demonstrated superior activity against 4. niger (64.7% inhibition
at 25 mg/ml) compared to CPE (41.1% at 50 mg/ml). This is likely due
to the unique chemical profile of Libyan propolis, which is rich in
flavonoids (112.28 mg/g) and phenolic compounds (50.25 mg/g) and
contains novel flavanonols and alkylresorcinols with potent
bioactivity [7, 8, 18]. In contrast, CPE was more effective against
Penicillium spp., reducing biomass to 1.42 g at 10 mg/ml compared
with 2.46 g for RLP. This may reflect the concentrated flavone content
and the standardized extraction process, which enhance the
bioavailability of specific active compounds [17, 30].

These differences highlight the strong influence of geographic origin
and botanical sources on propolis composition. Libyan propolis
derives from a diverse Mediterranean—desert flora, including Pinus
halepensis, Eucalyptus spp., and Acacia spp. [7], whereas commercial
propolis is often sourced from poplar (Populus spp.) in Europe or
Baccharis dracunculifolia in Brazil, resulting in distinct chemical
profiles [4, 17]. The chemical diversity of Libyan propolis, previously
documented by Siheri et al. [7], contributes to its unique antifungal
properties.

A limitation of this study is the small number of replicates (n = 3 per
treatment). While this is consistent with preliminary antifungal
screening studies, it reduces statistical power. Future studies should
expand the number of replicates to improve the reliability of mean
comparisons

4.5 Implications

The species-specific efficacy patterns observed have practical
implications for food preservation. RLP may be particularly suitable
for controlling A. niger in fruits and vegetables, while CPE could be
more effective against Penicillium spoilage in baked goods and dairy
products [13]. The ability of both propolis types to inhibit A.
ochraceus is promising for reducing ochratoxin A contamination [12].
However, the hormetic effect observed at low CPE concentrations
emphasises the need for careful dose optimisation in practical
applications.

A limitation of this study is that the raw Libyan propolis could not be
traced to a single town or region, as it was pooled from multiple hives
across the northern agricultural belt. Future studies should collect
propolis from geo-referenced hives with precise location data to
enable chemotypic comparisons.

A methodological limitation was the lack of a standardised inoculum
(e.g., spore density or initial biomass) for the liquid biomass assays.
While this does not invalidate the observed trends such as differential
inhibition and low-concentration stimulation it may introduce
variability that affects quantitative precision. Future studies should
employ standardised inoculum protocols to improve reproducibility.
Future work should also include chemical profiling to identify active
constituents in Libyan propolis, evaluate efficacy in real food
matrices, and explore synergistic combinations with other natural
preservatives [14]. Additionally, future studies should include

Penicillium spp. in both liquid and solid media assays to enable
consistent multi-species comparison. Until such data are available, the
findings for Penicillium reported here should be considered
preliminary.

5. Conclusion

This study demonstrated that both raw Libyan propolis (RLP) and
commercial propolis extract (CPE) possess significant antifungal
activity against Aspergillus niger, Aspergillus ochraceus, and
Penicillium spp., with species-specific efficacy patterns. RLP showed
superior activity against 4. niger, while CPE was more effective
against Penicillium spp. A biphasic dose-response was observed for
RLP against A. ochraceus, with maximal inhibition at 10 mg mL™",
whereas CPE provided stable inhibition across concentrations.
Hormetic growth stimulation at low CPE concentrations highlights the
importance of dose optimisation.

These results underscore the influence of propolis origin and
standardisation on antifungal performance. Libyan propolis, with its
unique chemical profile, represents a promising natural antifungal
agent for food preservation and other applications. Further research is
needed to characterise its active constituents, optimise application
concentrations, and evaluate efficacy in complex food systems.
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