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Abstract

The growing prevalence of multidrug-resistant (MDR) Candida spp. necessitates the de-
velopment of new antifungal strategies. Photodynamic therapy (PDT), already widely
used in the treatment of various oral infections, is based on the synergistic interaction of
three key elements: a photosensitizer capable of selectively binding to microbial cells, a
light source with the appropriate wavelength, and the presence of molecular oxygen. This
interaction results in the production of singlet oxygen and reactive oxygen species, respon-
sible for the selective destruction of microorganisms. In recent years, numerous natural
compounds have been explored as potential photosensitizers. Olive oil, a cornerstone of
the Mediterranean diet, was recently recognized by the U.S. Food and Drug Administration
as a medicinal substance thanks to its soothing, immunomodulatory, and antimicrobial
properties, which have also been documented in regard to oral administration. Materials
and Methods: The aim of this in vitro study was to evaluate the efficacy of activated olive
oil as a novel photosensitizer in PDT against Candida species. Oral MDR clinical isolates of
C. albicans, C. krusei, and C. glabrata were analyzed using the Kirby–Bauer method according
to EUCAST protocols. Six different experimental conditions were considered for each strain:
(i) 100 µL of extra-virgin olive oil (EVOO); (ii) 100 µL of EVOO pre-activated with 3% H2O2

(EVOO-H); (iii) 100 µL of EVOO irradiated for 5 min with polarized light (480–3400 nm,
25 W); (iv) 100 µL of EVOO-H subjected to the same polarized light; (v) 100 µL of EVOO
irradiated for 5 min with a 660 nm diode laser (100 mW); and (vi) 100 µL of EVOO-H
irradiated with the same laser. All plates were incubated at 37 ◦C for 48 h. Results: The
results showed a variable response among the different Candida species. C. glabrata showed
sensitivity to all experimental conditions, with a 50% increase in the diameter of the inhibi-
tion zone in the presence of polarized light. C. krusei showed no sensitivity under any of
the conditions tested. C. albicans showed antifungal activity exclusively when EVOO-H
was activated by light. In particular, activation of EVOO and EVOO-H with polarized light
resulted in the largest inhibition zones. Conclusions: In conclusion, olive oil, both alone
and pre-activated with hydrogen peroxide, can be considered an effective photosensitizer
against drug-resistant Candida spp., especially when combined with polarized light.
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1. Introduction
Extra-Virgin Olive Oil (EVOO) is obtained from the first mechanical pressing of olives

(once they have reached perfect ripeness and color) through a process known as cold
extraction, in which the temperature must never exceed 28 ◦C to preserve all of the oil’s
characteristics, properties, polyphenols, and aromas. The therapeutic and beneficial virtues
of olive oil have been known for centuries: as early as 400 B.C., Hippocrates described it as
“the best medicine,” and in Homer’s works, it is repeatedly referred to as “liquid gold.”
The culture of using olive oil in massage was particularly appreciated by the Romans, who
placed great importance on it in general skin care; they called olive oil treatments “beauty
baths.” Ancient populations believed in the medicinal value of olive oil, using it to treat
wounds and burns; due to its emollient properties, it was also applied as a moisturizing and
soothing lotion. Furthermore, it was considered effective in treating numerous conditions,
including intestinal disorders [1]. Extra-virgin olive oil is one of the key foods in the
Mediterranean diet (MedDiet) and represents one of the main factors contributing to
its well-established benefits for human health. The Mediterranean diet is recognized as
one of the most important dietary patterns for global public health. Adherence to the
MedDiet is inversely associated with obesity; in fact, daily consumption of foods included
in the MedDiet promotes greater weight loss and reduces the risk of developing chronic
diseases such as cardiovascular disease and some types of cancer. This dietary pattern
has also been shown to improve overall health, promoting healthier and longer-lived
aging [2–5]. The Food and Drug Administration (FDA), the stringent regulatory body
that oversees food and pharmaceutical products in the United States, has promoted extra-
virgin olive oil from a health food to a drug. EVOO is now considered crucial in the
prevention of cardiovascular disease, age-related cognitive decline, and type II diabetes
mellitus [6–9]. The health-promoting properties of EVOO are largely attributed to its
high concentration of monounsaturated fatty acids and a variety of phenolic compounds.
The mechanisms through which EVOO exerts its beneficial effects on cardiovascular and
metabolic health are numerous and include hypolipidemic and hypoglycemic actions,
as well as anti-inflammatory and antioxidant effects mediated by the diverse array of
polyphenols through cyclooxygenase inhibition [10–14]. In addition to its extremely high
fatty acid content, EVOO contains several compounds that can positively influence health
by performing important biological functions, referred to as bioactive compounds. Many
of these bioactive molecules are responsible for the organoleptic characteristics, such as
bitterness and pungency, which must be in the right balance. Their concentration depends
on various factors, including the olive cultivar; the stage of ripeness of the fruit; the soil
and climatic conditions; environmental conditions such as altitude, cultivation practices,
and irrigation; extraction parameters such as temperature, the addition of water, and
the extraction system used; and storage conditions (the absence of oxygen and light).
For these reasons and for the numerous other factors that come into play, EVOOs can
differ substantially from each other, assuming very different characteristics [15]. Extra-
virgin olive oil (EVOO) is composed of 55–80% oleic acid, 8–14% saturated fatty acids,
4–20% polyunsaturated fatty acids, and 1–2% terpenes and polyphenols, compounds of
medical, pharmacological, and therapeutic importance [15].
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The compounds in EVOO, present in small concentrations, include more than 230 dif-
ferent substances that distinguish it from other liquid fats. Some of these substances impart
an aromatic profile such as scents and flavors, while others act as powerful antioxidants
capable of protecting the oil from aging, rancidity, and molecular alterations to the EVOO’s
structure. However, the most important and determining aspect of these substances is their
contribution to the oil’s nutraceutical properties [16]. A key aspect that confers nutraceuti-
cal properties to EVOO, a health claim validated by the European Food Safety Authority
(EFSA), is related to the polyphenols in the oil. Based on scientifically validated evidence,
the EFSA certified in May 2012 that “polyphenols in extra-virgin olive oil contribute to the
protection of blood lipids from oxidative stress,” confirming that EVOO, an essential lipid
component of the Mediterranean diet, can be considered a functional food with nutraceu-
tical properties. The characteristic phenolic compounds of extra-virgin olive oil (EVOO)
include phenolic alcohols such as hydroxytyrosol and tyrosol as well as their secoiridoid
derivatives (oleuropein aglycone, oleuropein, and oleocanthal). The EFSA-approved health
claim applies only to extra-virgin olive oils containing at least 5 mg of hydroxytyrosol and
its derivatives per 20 g of oil. Consequently, high-phenolic-content EVOO is defined as
having at least 250 mg of polyphenols per kg of oil according to standard and recognized
criteria [15,17,18].

Apulian extra-virgin olive oils are known for their high content of polyphenol compo-
nents, with the Coratina cultivar exceeding 600 mg/kg [19].

In vitro studies demonstrate that EVOO phenolic compounds regulate oxygen-
dependent enzymatic pathways. In particular, hydroxytyrosol (HT) and oleuropein
(OE) show strong enzyme regulatory activity and act as potent free-radical scavengers
and antioxidants, conferring biochemical importance due to their function as a reservoir
of biologically active substances [10,20,21]. Numerous scientific studies have demon-
strated that EVOO polyphenols, thanks to their antioxidant properties, can neutralize
the effects of multiple and varied pollutants and protect DNA from harmful genetic
mutations, including those that cause some cells to transform into cancer cells. Fur-
ther mechanisms beyond antioxidant activity may be linked to the specific phenolic
profiles of some EVOOs. There is a great deal of scientific evidence suggesting that
the aforementioned molecules contained in EVOO interact with proteins involved in
DNA damage response pathways, improving their functionality and showing greater
chemoprotective effects [21,22]. EVOO exhibits an anti-inflammatory action similar to
that of ibuprofen and other NSAIDs, with a potent analgesic effect attributed to the
oleocanthal molecule. Although structurally different, both molecules inhibit cyclooxy-
genase, an enzyme involved in pain and tissue inflammation [23]. Oleuropein, another
phenolic molecule, has important and highly prebiotic properties, as some bacterial
strains of Lactobacillus and Bifidobacterium can use oleuropein as a carbon source. These
bacterial genera contribute to protecting the intestinal barrier through the production of
short-chain fatty acids [24–27]. It has been shown that EVOO polyphenols can diffuse
into gastric juice, remain stable for several hours in an acidic environment, and exert
a bactericidal effect against eight different strains of Helicobacter pylori at very low
concentrations (1.3 µg/mL) [28]. These studies support and highlight the potential
use of EVOO as a chemo-preventive agent for gastric ulcers and/or gastric cancer [29].
New pharmacological approaches and directions dedicated to aging and chronic de-
generative diseases are increasingly focusing on drugs or natural compounds able to
activate anti-aging pathways and inhibit or decrease the activity of pro-aging path-
ways [30–32]. In chronic immune-mediated inflammatory diseases such as rheumatoid
arthritis, inflammatory bowel disease, multiple sclerosis, systemic lupus erythematosus,
and psoriasis, EVOO has shown important beneficial effects thanks to the presence of
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oleic acid, which has demonstrated antioxidant, anti-inflammatory, and immunomodu-
latory properties [33,34]. Carriello et al. have shown that intake of a single portion of
50 mL of extra-virgin olive oil from the “Coratina” cultivar in the morning on an empty
stomach promotes the expression of microRNAs with anti-inflammatory and antitumor
activity while simultaneously inhibiting the expression of microRNAs associated with
insulin resistance [35]. Extra-virgin olive oil is rich in oleic acid, a molecule capable of
regulating cell proliferation. Oleic acid is also produced endogenously, and the SCD1
enzyme in the intestinal epithelium is its main regulator. Carriello et al. have shown that
in the absence of dietary oleic acid and with reduced endogenous production of SCD1,
inflammation develops first, followed by the onset of intestinal tumors. Conversely,
when oleic acid is supplied through the diet, normal intestinal physiology is restored,
inflammation decreases, and protection against tumor formation is achieved [36]. Due
to its very high polyphenol content (>600 mg/kg), Coratina extra-virgin olive oil has
also been applied in oral medicine [37–39].

2. Materials and Methods
This in vitro study was conducted using a triplicate Kirby–Bauer test, performed in

accordance with EUCAST protocols, with the aim of evaluating the effectiveness of EVOO
alone or photoactivated against MDR Candida spp.

2.1. Candida Strains

In this study, three different oral clinical isolates of MDR Candida spp. were used: C.
albicans CA97, C. glabrata CA96, and C. krusei CA95 (OBL Laboratory Collection, Cagliari,
Italy). For example, the C. albicans strain CA97 was found to be resistant to three different
azoles (fluconazole, voriconazole, and ketoconazole), primarily due to a mutation in
the ERG11 gene [13]. All strains were plated on Sabouraud dextrose agar for 48 h at
35 ◦C (Microbiol, Uta, Cagliari, Italy). Colonies were identified using the API ID32C
system (bioMérieux, St. Louis, MO, USA) and stored at −20 ◦C in skimmed milk (Oxoid,
Basingstoke, UK) at a concentration of 1 × 108 CFU/mL.

For all antimicrobial procedures performed on each Candida species, an inoculum
of 1 × 107 CFU/mL was used for the Kirby–Bauer assay, and 1 × 105 CFU/mL was used
for the growth curve assay in liquid medium. Kirby–Bauer experiments were carried out in
90 mm Petri dishes containing 15 mL of Sabouraud agar (Microbiol, Uta, Cagliari, Italy).

2.2. EVOO Photosensitizer and VIS Spectra

The Extra-Virgin Olive Oil (EVOO) used was from the Coratina cultivar, produced in
Apulia, Italy. In some experimental groups, 3% hydrogen peroxide was used to activate the
EVOO and was then removed. The goal was to initiate the production of reactive oxygen
species (ROS) and increase oxygen bioavailability.

To achieve an improved pattern of visible light absorption, a series of UV spectra
were conducted using extra-virgin olive oil (EVOO) and Vaselina oil (Marco Viti Farma-
ceutica Spa, Milano, Italy), both with and without the addition of hydrogen peroxide. In
practice, the pure oils and their 1:1 (v/v) emulsion with 3% hydrogen peroxide were mea-
sured using a UV-visible spectrophotometer (JASCO V–600 Bio, JASCO Europe, Cremella,
Italy). The λ detection range was 350–700 nm using glass cuvettes with an optical path
length of 10 × 10 mm (Hellma Analytics, Munich, Germany), following the manufacturer’s
instructions, Figure 1.
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Figure 1. Flow chart. Operational workflow indicating the different work steps (max light absorption
frequency assessment, PDT irradiation, and antimicrobial profile).

Lights used to perform Photodynamic Therapy:
For this triplicate in vitro study two type of light, commercially available, are used:

polarized light with wavelength comprised between 380–3400 nm, power density of
40 mW/cm2; energy density = 2.4 J/cm (Bioptron, Zepter, Neuchâtel, Switzerland) and
Diode laser 660 nm, 100 mWatt of power (Helbo System, Bredent, Senden, Germany),
power density of 60 mW/cm2, fluence of 3.6 J/cm2. The mode is continuous; it is not
possible to change this parameter on the device. The tips used are 2D with a 1 cm2 diameter
spot, as specified by the manufacturer.

Irradiation of the lights used was performed using devices at 5 cm from the contami-
nated Petri dishes.

Experimental groups of the in vitro study
For antimicrobial profile assessment, each Petri dish was inoculated with 1 × 107 CFU

of the previously described Candida spp., using a sterile cotton swab spread from the center
of the plate to the periphery, as shown in Figure 2.

 
Figure 2. Detail of the infection of Petri dishes by using MDR Candida spp.
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For each strain, six different combinations were evaluated:

(i) 100 µL EVOO;
(ii) 100 µL EVOO previously activated with 3% H2O2, mixed in a 1:1 ratio using a vortex,

followed by reconstitution of the oil phase, referred to as “EVOO-H”;
(iii) 100 µL EVOO plus 5 min of polarized light irradiation (380–3400 nm, 25 W);
(iv) 100 µL EVOO-H irradiated with the same polarized light;
(v) 100 µL EVOO plus 5 min of 660 nm diode laser irradiation (100 mW);
(vi) 100 µL EVOO-H plus 5 min of 660 nm diode laser irradiation (100 mW), as shown

in Figures 3–5.

 
Figure 3. EVOO vortexed with 3% of Hydrogen Peroxide as a catalyst of ROS production.

 
Figure 4. Activation of EVOO with Polarized Light.
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Figure 5. Activation of EVOO with laser light at 660 nm.

After irradiation, the plates were incubated at 37 ◦C for 48 h. The inhibition zones
(in mm) were then measured for each plate and for each Candida strain tested. The mean
inhibition values for each strain in each experimental group were used as the final outcome
measures. These values were interpreted as an expression of the antifungal effect of EVOO,
either alone or photoactivated.

2.3. Statistical Analysis

All experiments were performed in triplicate. The results were expressed as mean
value ◦æ standard deviation. Statistically significant differences among samples were
determined using the exact fisher test to substantiate a significant difference between the
means of two specific groups. The statistical analysis was performed by using social science
statistic software (version 2025, https://www.socscistatistics.com/, accessed on 14 January
2026). The minimum level of significance chosen was p < 0.05.

3. Results
3.1. Behaviour of EVOO Oil and Its H2O2 Emulsion in Visible Light Spectra

As previously described, a series of spectra in the visible-light spectrum were con-
ducted. Figure 6 illustrates the absorption range obtained with H2O2 alone and when
mixed in a 1:1 ratio with extra-virgin olive oil (EVOO). The addition of H2O2 resulted in
an elevated absorbance reading (ABS > 2) in the λ range 470–350 nm; this phenomenon
was not observed in emulsions using vaseline oil (Vaselina oil Marco Viti Farmaceutica
Spa, Milano, Italy). Therefore, the elevated absorbance could not account for the physical
parameters of the oil emulsification processes. This phenomenon may be attributed to the
specific physicochemical properties of the EVOO-hydrogen peroxide emulsion. Further-
more, in every instance, the use of a PDT lamp that varied across all visible wavelengths
was considered optimal, Figure 6.
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Figure 6. The graph illustrates the visible absorption spectra of pure EVOO oil and its emulsion with
a 1/1 hydrogen peroxide.

3.2. Antimycotic Activity

The clinical isolates of Candida spp. showed different behaviours across the exper-
imental groups. C. krusei was insensitive to all tested conditions. Candida albicans was
inhibited only when EVOO-H was light-activated, showing an inhibition halo of 42 mm
with polarized light (group iv) and 30 mm when activated by the 660 nm laser (group
vi). These data are summarized in Figure 6. Candida glabrata was sensitive to all combi-
nations, with a 50% increase in inhibition when polarized light was used. The inhibition
halo values were as follows: EVOO alone, 32 mm (group i); EVOO + polarized light,
45 mm (group iii); EVOO + laser light, 42 mm (group v); EVOO-H alone, 35 mm (group ii);
EVOO-H + polarized light, 62 mm (group iv); and EVOO-H + laser light, 45 mm (group
vi), as shown in Figures 7 and 8.

 

Figure 7. Inhibition halo expressed in millimetres of C. albicans MDR in the different treatments of
EVOO groups. In y-axis values of mm of absence of fungal growth calculated from the wells. It is pos-
sible to note values of 42 and 30 mm for groups Oil + H2O2 + Polarized light and Oil + H2O2 + Laser
Light, respectively.
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Figure 8. Inhibition halo expressed in millimetres on C. glabrata MDR in the different treatments in
EVOO groups. In y-axis values of mm of absence of fungal growth calculated from the wells. It is
possible to note that values of inhibition halo greater of 30 mm are present in all groups.

4. Discussion
The results of our study demonstrate the antimicrobial activity of EVOO against

MDR Candida glabrata, even without photodynamic activation, and against MDR Candida
albicans when photoactivated and combined with H2O2 as a catalyst. The inhibition zones
exceeded 40 mm, indicating strong antifungal efficacy. Scientific studies that have evaluated
natural photosensitizers (PSs) against Candida spp. are mainly in vitro and very few have
addressed their activity against MDR species. Among these, curcumin-based PSs, including
commercial products enriched with H2O2, have shown promising fungistatic activity
against C. albicans, particularly when photoactivated with polarized light (380–3400 nm),
which was the more effective light source among those used in our study [39–45]. However,
the study design differed substantially, making direct comparison difficult.

Another study tested a lactoferrin-based solution activated by light sources of differ-
ent wavelengths (300–400 nm) and demonstrated excellent activity against several MDR
Candida spp. using a study design almost identical to ours (triplicate Kirby–Bauer test
against MDR C. albicans, C. glabrata, and C. krusei) [42]. In that case, however, although
photoactivated lactoferrin was also effective against C. krusei, the presence of hydrogen
peroxide in the formulation may have contributed to the notable therapeutic effect [42].
In our experiment, EVOO was mixed with H2O2 using a vortex, but the aqueous phase
was subsequently removed. The natural PS proposed in this study could therefore be
considered truly ingestible. In the current experiment we did not find any activity against
Candida krusei, while the activity against C. albicans and C. glabrata is interesting, using
commercially available illumination systems, already validated for use in the oral area and
easy to use.

It is interesting to note that the inhibition values obtained against MDR C. glabrata with
EVOO vortexed with H2O2 (EVOO-H) were lower than those produced by photoactivating
pure EVOO (not vortexed with H2O2) using polarized or laser light. This suggests that
photoactivation is more effective than the catalytic effect of H2O2 alone.

Furthermore, in the lactoferrin-based study mentioned above, inhibition zones did not
exceed 40 mm for any combination (lactoferrin alone or photoactivated; lactoferrin + H2O2
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alone or photoactivated). In contrast, EVOO in our study produced inhibition zones greater
than 40 mm in groups (iii), (iv), (v), and (vi).

The polarized light device used in this work has previously demonstrated significant
bio-stimulatory and anti-inflammatory effects, even in oral applications [46,47]. Because
this device can also be used at home, it could allow the development of a home-based PDT
protocol in which EVOO is applied or ingested by the patient and subsequently illumi-
nated with polarized light. This approach could assist in the preventive and therapeutic
management of Candida spp. infections in immunocompromised patients who may have
limited access to dental care.

The 660 nm diode laser used in our study is a low-power light source commonly em-
ployed in PDT, particularly for methylene blue irradiation, as documented in the scientific
literature [48,49]. Both light-emitting devices used in this work are easy to operate and
require no specific training for clinicians.

The specific immunomodulatory effects of EVOO polyphenols particularly oleocanthal
described previously, along with its antimicrobial activity against non-fungal microbes that
coexist with Candida spp., may contribute in vivo to faster healing, in addition to providing
soothing and hydrating effects [12,26,30,33].

The clinical relevance of these preliminary findings, which require confirmation
through clinical trials, lies in the strong antifungal activity observed especially against MDR
C. glabrata (active even without photoactivation) and against MDR C. albicans when photoac-
tivated. These two species are primarily responsible for fungal infections under dentures, a
condition affecting up to 75% of denture wearers [50,51]. Refractory oral infections caused
by MDR Candida spp. may progress to severe systemic candidiasis, which can be fatal [52].
Additionally, chronic oral fungal infections have been associated with the development of
neurodegenerative diseases such as Alzheimer’s and Parkinson’s disease, both of which
have increased exponentially in recent decades [53–55]. Therefore, controlling infections
resistant to conventional antifungal therapy is essential not only for oral health but also for
systemic disease prevention.

In conclusion, the use of EVOO applied directly to the oral mucosa either alone or
photoactivated may represent a valuable strategy for the prevention or treatment of infec-
tions caused by MDR Candida spp. The use of EVOO as a rinse or retained oral application
has already been successfully reported in the literature [56] and could become a feasible
home-based practice for patient groups at risk for oral and systemic fungal infections.

5. Conclusions
C. glabrata was sensitive to all EVOO-PDT combinations, showing a 50% increase

in inhibition halos when polarized light was used. C. krusei was insensitive under all
conditions. C. albicans was inhibited only when EVOO-H was light-activated. Both the
EVOO and EVOO-H groups activated with polarized light produced the largest inhibition
halos. Olive oil, either alone or activated with H2O2, may therefore be considered a
highly effective photosensitizer against drug-resistant Candida spp. when illuminated with
polarized light. Clinical evaluations are essential to validate these preliminary findings.
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