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Abstract

The growing resistance of Candida species to a wide range of antifungal medications compli-

cates the treatment of oral candidiasis. Our study explored and identified the in vitro anti-
fungal properties of Furcraea foetida leaf extract against Candida spp. Isolated clinically from
50 patients suffering from active recurrent oral candidiasis associated with their orthodontic
treatment. Methodology was depending on using agar plate diffusion and internal tran-
scribed spacer (ITS) with PCR genotyping. Genotyping demonstrated 23 isolates of Candida
spp, showed high frequency of Candida albicans isolates (65.2%, 550bp), Candida parapsilo-
sis (30.4%, 520bp) and Candida holmii (4.3%, 720bp). By employing agar plate diffusion
method, the results indicated that the 50% concentration of direct crude extract Furcraea
foetida demonstrated effective inhibition zones against Candida spp. isolates in comparable
to 10 mg of fluconazole (p=0.403), but against non-albicans isolates, the extract showed
smaller inhibition zones (p<0.001). These results support Furcraea foetida leaf extract as a
promising natural antifungal resource for the development of topical or adjunctive therapeu-
tic agents against oral Candida albicans infections, demanding further pharmacologic devel-
opment.

Introduction

Oral candidiasis, primarily caused by Candida
spp., is a prevalent fungal infection that can be
linked to and worsen the condition of ortho-
dontic treatments, especially in immunocom-
promised individuals [1,2]. Fixed orthodontic
treatments including appliances, braces, brack-
ets and elastics, provide a perfect reservoir for
candidal and bacterial growth; patients
throughout their long orthodontic journey re-
quire special oral hygiene care. Oral candidia-
sis, angular cheilitis and other oral mycosis in-
fections show frequent recurrence during the
long-term of orthodontic treatment [3,4]. The
rise of resistance to first-line antifungals, such
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as fluconazole, poses a considerable clinical
challenge, resulting in recurrent infections and
extended patient discomfort [5]. Although var-
ious synthetic antifungals are accessible, their
application may be restricted due to side ef-
fects, costs, and potential drug interactions. As
a result, medicinal plants, known for their wide
array of bioactive compounds and historical
safety, present a significant opportunity for the
discovery of new antimicrobial agents [6].

Furcraea foetida, a member of the Aspara-
gaceae family, is a wild tropical plant a utilized
in traditional medicine and has been employed
in folk remedies; however, its specific antifun-
gal properties, particularly against oral
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pathogens, remain scientifically underexplored
[7]. Even though Furcraea foetida is not native
to the plants of Iraq but, it has been introduced
and cultivated locally [8]. Furcraea foetida has
a documented history of use in traditional
medicine, particularly in South America and
the Caribbean, where its Leaf sap is used for
wounds. Previous studies demonstrated fur-
ther pharmacological uses against dermato-
phyte fungi that affect human health. The in-
dustrial utilization of Furcraea foetida as natu-
ral medicine in medicated shampoos or in
medications for hair treatment supports its an-
tifungal activity [9].
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Although chromogenic media serve as a useful
initial diagnostic tool, variations in colony col-
oration may hinder accurate interpretation. It
is advisable to exercise diagnostic caution, and
confirmatory techniques, including molecular
methods, are crucial for dependable identifica-
tion, particularly for emerging or less fre-
quently encountered Candida species [10]. A
more dependable diagnostic approach for Can-
dida spp. was employed, utilizing the universal
barcode region through amplification of the In-
ternal Transcribed Spacer (ITS) region of fungal
ribosomal DNA [11].

Consequently, the aim of this study was to as-
sess the in vitro antifungal activity of Furcraea
foetida leaf extract against Candida spp. That
was clinically isolated from oral candida infec-
tions associated with fixed orthodontic treat-
ment, with the application of both genotypic
and phenotypic identification approaches. The
hypothesis of our study was that the leaf ex-
tract of Furcraea foetida would produce an in
vitro antifungal activity against candida ssp.
clinical isolates in comparison to fluconazole.

Material and Methods

Patients were randomly recruited from private
dental clinics in Baghdad province, Irag. Pa-
tients age range were (18-30 years old). The
study was ethically approved by the scientific
committee of College of Dentistry at Mus-
tansiriyah University (2025/MUOPOP13). In-
clusion criteria included: subjects undergoing
fixed metal orthodontic treatment for a dura-
tion of more than 6 months, suffering from re-
curring oral candidiasis; at the time of clinical
evaluation, the patients showed signs and
symptoms including oral candidiasis with ery-
thema, burning sensation, taste changes and
angular cheilitis. The subjects were medically
free and generally healthy. Exclusion criteria
included: Patients who were immunocompro-
mised or had diagnosed with autoimmune dis-
eases or patients who had taken any medica-
tions in the previous month which may inter-
rupt the oral normal flora. The study was car-
ried out from November 2025 to February
2026. Fifty patients clinically fit the inclusion
criteria and were diagnosed with oral candidi-
asis.

Sterile oral swabs were collected from all the
participants. The examiner sampling by rub the
upper and lower vestibular mucosa and again
on the multiple fixed brackets around areas for
each patient.

Mature leaves of Furcraea foetida were
washed with distilled water, cut, macerated,
and mixed with 20ml of sterile distilled water
using a sterile plastic plate. The extract was fil-
tered through double-layer medical gauze to
remove plant material residues. Then filtered
again using filter paper, then the filtered
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extract Placed in glass screw- cupped cup. The
extract was evaporated at 40°Cin an oven until
it became thick in consistency, then autoclaved
to avoid microbial contamination. To prepare
50% concentrations of thick extract, 5 gm was
weighted, dissolved in 10 ml of sterile distilled
water, and stored in a dark glass container at a
temperature of 5°C in the refrigerator until use
[12].

The plant material was taxonomically authen-
ticated by Dr. Abd al-Ridha Akbar Alwan, a lec-
turer in the Department of Ecology at the Col-
lege of Science, University of Basra. A voucher
specimen was deposited in the departmental
Babylon herbarium for future reference.
Swabs were cultured on Sabouraud Dextrose
Agar (SDA) by streaking method and incubated
for 24-48 hours at 30°C. Isolation and identifi-
cation of 50 pure clinical isolates of Can-
dida spp. were obtained. The isolates were cul-
tured on Sabouraud Dextrose Agar (SDA), then
the pure colonies of. Candida spp were prelim-
inarily identified by CHROMagar medium and
confirmed by specific polymerase chain reac-
tion (PCR) [13,14]. Out of the 50 isolates, 23
isolates represented from the CHROMagar
phenotyping were selected for PCR genotyping
and then for the antifungal tests.

DNA extraction was conducted from a pure
Candida colony cultivated on culture media on
CHROMagar and SDA, utilizing the Favrogen
extraction kit (Thailand.com). The phenotypic
identification of fungi under interested was
confirmed by simple PCR by universal primer
pair ITS5/ITS4, targeted ITS region (ITS1, 5.8S
rRNA gene, and ITS2) was amplified using Pri-
mers: ITS5 (GGAAGTAAAAGTCGTAACAAGG)
and ITS4 (TCCTCCGCTTATTGATATGC).

One microliter of DNA (20ug/ml) from each of
23 isolates was mixed with a PCR mixture (final
reaction volume 25uL) consisted of 12l of 20x
Master Mix (Promega.com), 2L of primers (10
pmol each), and complete volume with dis-
tilled water. PCR conditions: pre-denaturation
94°C for 3min, 30 cycles of denaturation at
94°C for 30 sec. annealing temperature 56°C
for 30 sec and, extension at 72°C for 45 sec. and
final extension was 72°C for 5 min. Gel electro-
phoresis was performed on 1% agarose gel
with TBE buffer, 45vol. for 60 min. This method
is particularly beneficial for studying Candida in
oral cavity due to it precisely identification
method [11]. The determination of each Can-
dida spp amplicon sizes depended on Fujita
and Hashimoto methodology [15].

To genotype Candida isolates of interest while
maintaining statistical robustness, 50 isolates
were stratified into distinct phenotypic cohorts
based on their CHROMagar reaction profiles. A
proportional stratified random sampling
method was employed, selecting 23 isolates
that accurately reflect the distribution of these
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clinically relevant PCR typing. This ensures that
every major phenotypic category of interest is
represented in the genotyping phase, prevent-
ing bias toward any single subpopulation.

The in-vitro assessment of antifungal activity of
Furcraea foetida against Candida spp isolated
from clinical specimens, with fungal identifica-
tion that described before. The methodology
of the agar well diffusion has been used to as-
sess the antifungal efficacy of extract [16]. A
suspension of Candida spores with a volume of
50ul, holding around 105 spores/ml, with the
using of sterile spreader was evenly spread on
plates of Sabouraud dextrose agar. Wells with
a diameter of 5 millimeters were created on
the agar plates using a sterile crock borer and
filled with 100pl of the previously prepared leaf
extract. Disc of 10 mg of fluconazole was used
as standard antifungal. These discs were then
placed on the plates inoculated with Candida
spp. Plates were incubated in an upright posi-
tion at a temperature of 30°C for duration of
24-48 hours. After incubation, the diameter of
the inhibition zone (in mm) was measured. The
core principle of this test is a semi-quantitative
screening that relies on comparing the zone of
inhibition diameters produced by each sub-
stance.

Experiments were conducted in triplicates, and
their means and standard deviations (SD) were
calculated. IBM SPSS V24.0 was used for data
analysis. An independent sample Welch’s t-test
was used to compare means between groups.
A p-value < 0.05 was considered statistically
significant.

Results

All colonies of Candida spp. displayed a white-
creamy color on Sabouraud dextrose agar
(SDA) and were therefore subjected to prelim-
inary identification method using a CHRO-
Magar. Among the 50 Candida isolates ob-
tained, 35 were identified as Candida albicans
based on chromogenic reaction. The remaining
15 non-albicans isolates gave variable colors,
some showed apple green color, while the re-
maining isolates exhibited a pale to white
color; some were pre-identified as Candida
parapsilosis (Figure 1).

The results indicated that CHROMagar played
a significant role in differentiating Candida spp
into two categories: Candida albicans and non-
albicans species. CHROMagar test did not re-
veal a distinct boundary between these yeasts
based merely on their color on CHROMagar
[13].

The amplification results of ITS1-5.85-ITS2 and
the surrounding primer pairs ITS5/ITS4 demon-
strated variability in the amplicon sizes across
23 isolates of Candida spp., Candida albicans
isolates exhibited sizes of 550 bp, Candida par-
apsilosis isolates showed sizes of 520 bp, while
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Candida holmii isolates showed a size of 720 bp
(Figure 2). Genotyping of the 23 isolates of
Candida spp. showed that 65.2% were Candida
albicans isolates (15/23), 30.4% Candida para-
psilosis (7/23) and 4.3% Candida holmii (1/23).
In the present study, we evaluated the antifun-
gal efficacy of Furcraea foetida extract using
the agar diffuse plate technique. Table 1 shows
the mean of inhibition zones and they were: for
Fluconazole was (32.67+11.02 mm) against
Candida albicans, while against non-albicans
was (405 mm), for plant extract was (3015
mm) against Candida albicans, while against
non-albicans was (31+3.6 mm). An Independ-
ent Welch’s t-test was used to compared
means which demonstrated a non-significant
difference at (p=0.403) between fluconazole
and Furcraea foetida in Candida albicans iso-
lates, and a statistically significant difference
(p<0.001) in non-Candida albicans isolates. Flu-
conazole showed fluctuation in inhibition
zones, with Candida albicans isolates showed
high sensitivity (40 mm inhibition zone), also
the fluconazole mean of inhibition zones
shown high standard deviation 11.02 with Can-
dida albicans while 5 with non albicans as
shown in Table 1 and Figure 3 A-B.

Discussion

The present study evaluated extracts of Fur-
craea foetida for its in vitro antifungal activity,
revealing that its natural compounds from Fur-
craea foetida represent a substantial source of
materials that could offer sustainable antifun-
gal therapies against human pathogens. Our
study findings reported a considerable antifun-
gal property with consistent and robust bioac-
tivity of Furcraea foetida crude extract against
Candida albicans, with no significant differ-
ences were demonstrated statistically in the in-
hibition zone of the Furcraea foetida crude ex-
tract in comparison to fluconazole (P = 0.403).
The extract of the observed plant in our study
possibly showed antifungal properties due to
its rich and bioactive constituents, include bio-
compounds as sulfur, phenolics, phytochemi-
cals, flavonoids, coumarins. These metabolites
can deliver oxidative stress on the cell mem-
brane of the fungus which in turn disrupt the
synthesis of ergosterol and affect the integrity
of the cell [17,18].

Our findings align with numerous studies inves-
tigated the antimicrobial activity of various
plants extracts and among these medicinal
plants, Furcraea foetida reported to be utilized
for the stabilization of silver nanoparticles
AgNPs for the delivery of stable and strong
anti-candida activity [19-21]. Furthermore, in
the disc diffusion results, our study demon-
strates antifungal properties of Furcraea foet-
ida  against oral candidiasis, which
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corroborates the findings of several authors re-
garding the fact that many of new medicinal
plant are derived from the significant active
metabolites of plants. Extensive study globally
is focused on the isolation and production of
therapeutic active metabolites from plants for
antifungal purposes [22-24].

The present study also found resistance to an-
tifungal medication and the emerging of the
Candida parapsilosis, which has increasingly
been documented as pathogenic, commensal
and an opportunistic organism which associ-
ated invasive diseases such as candidemia, per-
itonitis and endocarditis [21,25]. The compara-
ble effectiveness to Fluconazole is encourag-
ing, suggesting that components of Furcraea
foetida may function through a different or
complementary mechanism, potentially by-
passing existing resistance pathways. This re-
sult is crucial in light of the increasing Flucona-
zole resistance among oral Candida isolates
[5]. We demonstrated that the crude extract
from Furcraea foetida leaves exhibited good in
vitro natural antifungal activity against oral
Candida spp. isolates. This suggests that Fur-
craea foetida represents a promising, may
cost-effective, natural, and environmentally
friendly candidate for natural therapy against
candidiasis. Nevertheless, additional experi-
ments are necessary to assess the antifungal
activity. Furthermore, in vivo studies are essen-
tial to confirm any potential toxic effects of the
extract on mammals.

Our study limitations included the in vitro study
design, the specific clinical inclusion criteria
used, Pure Culture Requirement. For accurate
direct sequencing, it is generally necessary to
begin with a single colony. Mixed cultures will
produce unreadable chromatograms.

Conclusion

The leaf extract of Furcraea foetida demon-
strated considerable in vitro antifungal activity
against Candida spp. clinically isolated from
oral candidiasis infection, with efficacy compa-
rable to fluconazole against Candida albicans.
These findings position Furcraea foetida as a
natural antifungal resource, which warrants
further pharmacological development and clin-
ical investigation.
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Figure 3. Antifungal activity of Furcraea foetida leaf extract against two Candida albicans isolates on SDA, based on diameter of inhibition zone under
incubation for 24 hours at 30°C; F.E = Furcraea foetida extract, fluconazole 10 mg. A. Candida albicans sensitive to fluconazole, B. Candida albicans

resistance to flucanazole in glass.

Table 1. Mean of Inhibition zones of Candida albicans and non-Candida Albicans isolates under Furcraea foetida crude extract compared with flu-
conazole.

Antifungal agent Candida albicans Non-Candida albicans
(N=15) (N=15)
Mean + SD (mm) Mean + SD (mm)
Fluconazole 10mg 32.67+11.02 40+5
Furcraea foetida crude extract | 305 31+3.6
p-value 0.403 <0.001

Test=Independent Welch’s t-test.SD=Standard Deviation.



