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Abstract:

Conventional denture cleansers may cause discoloration, surface changes and mucosal irritation with prolonged use. Therefore, it is
of interest to evaluate the antifungal efficacy of Azadirachta indica, Cinchona officinalis and Zingiber officinale on acrylic denture
specimens over 90 days. Azadirachta indica showed the strongest and most sustained antifungal activity against Candida albicans.
Cinchona officinalis showed the lowest long-term efficacy, while Zingiber officinale exhibited moderate activity with gradual decline (p
<0.001). Thus, Azadirachta indica is a sustained-action, biocompatible natural alternative for denture hygiene in edentulous patients.
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ackground:
The rehabilitation of edentulous patients remains a significant
focus in prosthodontic treatment, with complete dentures
continuing to play a vital role in restoring oral function, esthetics
and patient confidence. However, over time, denture base
materials provide a favourable surface for microbial adhesion,
colonization and subsequent infection [1]. Contaminated dental
prostheses frequently harbour microorganisms such as
Pseudomonas aeruginosa, Staphylococcus aureus and Candida spp.
Effective denture disinfection requires the prompt inactivation of
these microorganisms [2]. Nearly 60% of denture wearers suffer
from chronic erythematous candidiasis, also known as Candida -
associated denture stomatitis, a frequent oral cavity infection
accompanied by biofilms harbouring fungi of the genus Candida.
Maintaining proper oral and denture hygiene through regular
mechanical and chemical cleansing is an effective method for
preventing microbial growth on denture surfaces [3]. The most
commonly used denture cleansers are alkaline peroxides.
Conventional denture cleansing methods raise concerns
regarding irritation and toxicity to oral tissues; chemical denture
cleaners may cause adverse side effects with prolonged use,
suggesting a growing need for natural substitutes [4]. In recent
years, there has been increasing interest in natural and
biocompatible alternatives for denture cleansing. Homeopathic
medicines represent an emerging trend owing to their natural
origin, emphasizing safer, more gentle and biocompatible
therapies that align with consumer preferences and minimize
potential health hazards [5]. Natural extracts used in
homeopathic medicines offer several advantages over synthetic
chemicals, including improved accessibility, decreased
production costs, lesser environmental impact and improved
biocompatibility [6]. Despite their growing popularity in
healthcare, there remains limited scientific evidence evaluating
their effectiveness as denture cleansers, particularly against
microbial organisms commonly associated with denture
stomatitis such as Candida albicans. Very few studies have
simultaneously compared the antimicrobial efficacy of
homeopathic denture cleansers with conventional chemical
cleansers while assessing their effect on denture base materials.
Hence, a significant research gap exists regarding the clinical
applicability, safety and long-term effectiveness of homeopathic
medicines as denture cleansing agents [7]. Therefore it is of
interest to report the cleansing efficacy of Azadirachta indica,

— T—
Cinchona officinalis and Zingiber officinale on denture base resin
and to compare their efficacy with chlorhexidine used as a
positive control.

Methodology:

Study design and setting:

This in vitro study was conducted in the Department of
Prosthodontics, Seema Dental College and Hospital, Rishikesh,
Uttarakhand, in collaboration with DNA Lab Centre for Applied
Sciences, Dehradun. All materials were collected and data were
obtained from laboratory-based experiments. The study was
approved by the Institutional Ethics Committee bearing number
SDCH/MDS-PROSTHO/IEC/10/2024, dated 14/02/2024.

Sample size:

A total of 40 samples were divided into five groups (Groups A-
E) with 8 samples each. Sample size estimation was performed
using G*Power software (version 3.0) for a one-way ANOVA
design comparing five groups.

Inclusion criteria:

Acrylic specimens of standardized dimensions (65 x 12.5 x 3
mm) were included according to ADA specifications.
Standardized homeopathic antifungal agents tested on acrylic
specimens were eligible for evaluation.

Exclusion criteria:

Unapproved antifungal agents, contaminated acrylic specimens
and acrylic specimens exhibiting distortion were excluded from
the study.

Specimen fabrication:

A standard stainless-steel master die was fabricated as per ADA
Specification No. 12, simulating the shape of a hexagon using a
CNC milling machine. The hexagonal section measured 65 x 12.5
x 3 mm. Rectangular specimens were prepared using heat-cured
acrylic resin material.

Specimen preparation and treatment:

All denture base resin samples (n = 40) were initially rinsed with
sterile distilled water for 15 minutes under aseptic conditions.
They were subsequently cleansed using 70% ethanol for 15
minutes, then allowed to air dry. All specimens were then coated
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with a freshly revived culture of Candida albicans by immersing
them in the culture solution and incubating at 37°C for 24 hours,
ensuring complete fungal colonization on denture surfaces.
Solutions were prepared at a concentration of 1:10 (v/v) in
sterile distilled water. Group A specimens were cleansed with
Azadirachta indica solution; Group B with Cinchona officinalis
solution; Group C with Zingiber officinale solution; Group D with
sterile distilled water (negative control); and Group E with
chlorhexidine (positive control). All specimens were immersed
for 15 minutes daily. Following treatment, all specimens were
inoculated into sterile Sabouraud Dextrose Broth (10 mL per test
tube) and incubated at 37°C for 24 hours. Antifungal efficacy
was assessed by measuring turbidity (optical density at 600 nm,
OD600) in triplicate at Day 1, Day 7, Day 30 and Day 90. Lower
OD values indicated greater antifungal activity. The specimens
were stored in artificial saliva throughout the study period.

Statistical analysis:

Data were coded and analysed using SPSS version 24.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were computed
for all variables. Intragroup comparisons were performed using
one-way ANOVA and the Least Significant Difference (LSD)
post hoc test. Statistical significance was set at p < 0.05.

Results:

The antifungal cleansing efficacy of Azadirachta indica, Cinchona
officinalis, Zingiber officinale, the positive control (chlorhexidine)
and the negative control (sterile distilled water) was evaluated
by quantifying Candida albicans growth from treated denture
base resin specimens. Turbidity measurements (OD at 600 nm)
were recorded at Day 1, Day 7, Day 30 and Day 90 (Table 1).
Lower OD values indicated stronger antifungal activity.
Statistical comparisons across groups were performed using
One-Way ANOVA (Table 2) and LSD post hoc test (Table 3).
Longitudinal analysis as shown in Table 1 indicates that
Azadirachta indica consistently exhibited the best antifungal
activity and the slowest rate of fungal regrowth among all herbal
agents. Zingiber officinale maintained early activity but declined
over time, suggesting moderate efficacy. Cinchona officinalis was
the least effective long-term, with rapid increases in OD from
Day 7 onward. Growth in the negative control increased
steadily, validating the reliability of the assay. One-Way
ANOVA revealed highly significant differences in mean OD600
values across all five treatment groups at every time point
(Table 2), confirming that the cleansing agents exerted
significantly different levels of antifungal activity throughout the
90-day study period. (Table 3) confirmed that all pairwise
comparisons at Day 90 were statistically significant, with
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chlorhexidine and Azadirachta indica demonstrating the smallest
mean difference among all group pairs, underscoring the closest
antifungal performance between the positive control and the
most efficacious herbal agent throughout the study. Day 1 (24-
hour incubation): At 24 hours, all three herbal preparations
showed strong antifungal activity comparable to chlorhexidine,
with negligible turbidity. The negative control exhibited high
OD values (~1.55), indicating dense fungal growth. Day 7: After
7 days, Azadirachta indica retained efficacy equal to
chlorhexidine, with OD remaining extremely low. Zingiber
officinale displayed slightly higher growth than neem but still far
below pathogenic levels. Cinchona officinalis showed moderate
turbidity (~0.218), indicating reduced long-term antifungal
persistence. The negative control displayed OD > 2.1, confirming
exponential fungal multiplication. Day 30: At the 30-day
interval, Azadirachta indica remained highly effective, with OD
only slightly above chlorhexidine. Zingiber officinale showed
moderate regrowth but maintained measurable antifungal
activity. Cinchona officinalis exhibited substantial loss of efficacy
(OD > 0.65), indicating poor long-term inhibition. The negative
control showed extensive turbidity (> 4.50), representing
unrestricted fungal propagation. Day 90: After 90 days, the
positive control (chlorhexidine) still showed the lowest turbidity.
Azadirachta indica remained the most effective herbal agent (OD
= 0.552). Zingiber officinale exhibited moderate-to-high turbidity
(OD = 0.903), indicating substantial biofilm regrowth, while
Cinchona officinalis showed the highest fungal resurgence among
herbal groups (OD = 1.155). The negative control reached OD >
5.1, representing heavy fungal colonization. Differences among
the groups were statistically highly significant (p < 0.001).

Table 1: Raw data showing growth of Candida albicans on treated denture
specimens at different incubation intervals (Day 1, 7, 30 and 90)

Groups Day 1 (24 Day Day Day
hrs) 7 30 90
Positive Control (Chlorhexidine) 0.030 0.045 0.080 0.210
Azadirachta indica 0.035 0.050  0.110 0.552
Zingiber officinale 0.080 0.145  0.385 0.903
Cinchona officinalis 0.060 0.218  0.652 1.155
Negative Control (Sterile Distilled 1.550 2100  4.500 5.100

Water)

Table 2: One-Way ANOVA comparing mean optical density (OD600) values across
the five treatment groups at each time point

Time Point  Sum of Squares df Mean Square  F-value  p-value
Day 1 4.821 4 1205 187.34 <0.001*
Day 7 16.342 4 4.086 214.67 <0.001*
Day 30 72.518 4 18130 231.45 <0.001*
Day 90 96.274 4 24.069 198.82 <0.001*

* Statistically significant at p < 0.001. df = degrees of freedom between groups (within-
group df = 35).

Table 3: Pairwise comparison of mean OD600 values between treatment groups using Least Significant Difference (LSD) post hoc test at Day 90

Group (I) Group (J) Mean Difference (I-J)  Std. Error  p-value Significance
Chlorhexidine  A. indica -0.342 0.048 <0.001 s*
Chlorhexidine  Z. officinale -0.693 0.048 <0.001 S*
Chlorhexidine  C. officinalis -0.945 0.048 <0.001 S*
Chlorhexidine  Negative Control ~ —4.890 0.048 <0.001  S*
A. indica Z. officinale -0.351 0.048 <0001 S*
A. indica C. officinalis -0.603 0.048 <0.001 S*
A. indica Negative Control ~ —4.548 0.048 <0.001 S*
Z. officinale C. officinalis -0.252 0.048 0.002 S*
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Z. officinale Negative Control ~ —-4.197
C. officinalis Negative Control ~ —3.945

0.048
0.048

<0.001
<0.001

S+
G*

* Statistically significant (p < 0.05). LSD post hoc analysis

Discussion:

Dentures are a common treatment option for partially or
completely edentulous patients. Maintaining proper denture
hygiene is often difficult, especially for elderly and medically
compromised individuals. Poor denture hygiene can lead to the
accumulation of bacteria, fungi, food debris and mucus on
denture surfaces. This may reduce the lifespan of the prosthesis
and increase the risk of oral diseases such as denture stomatitis,
oral candidiasis, periodontal disease and dental caries [8].
Candida albicans is the microorganism most frequently associated
with denture-related infections in denture wearers [3, 5 and 9].
Denture surfaces provide a favorable environment for microbial
adhesion and growth, making regular cleaning essential.
Denture cleansing methods are broadly classified into
mechanical and chemical approaches. Mechanical methods
include toothbrushes, denture pastes, powders, tablets and sonic
cleansers, whereas chemical methods include alkaline
hypochlorites, alkaline peroxides, disinfectants and enzymatic
cleansers [9]. Toothbrushing and toothpaste remain the most
commonly used mechanical cleaning methods, while
effervescent tablets are widely used as chemical cleansers [10].
Although chemical cleansers are effective, prolonged use may
alter the denture surface and affect its properties. Therefore,
interest has increased in natural and herbal alternatives that are
safer and more biocompatible [11]. Homeopathy is a system of
medicine based on natural substances derived from plants,
animals and minerals. Homeopathic preparations undergo a
process known as potentization, which involves serial dilution
and succession to enhance their therapeutic properties. Several
plant-derived products have demonstrated antimicrobial activity
against common oral pathogens, including Candida albicans,
Staphylococcus aureus, Enterococcus faecalis and Escherichia coli [12].
Previous studies have reported promising antifungal effects of
herbal and homeopathic agents. Akwongo et al. [13]
demonstrated significant anti-candida activity of various
homeopathic medicines in vitro. Chandini et al. [14] also reported
notable antifungal efficacy of different homeopathic mother
tinctures against Candida albicans. Nazer et al. [15] reported that
medicinal plants possess significant antifungal activity through
bioactive phytochemicals that disrupt fungal cell membranes,
inhibit adhesion and suppress biofilm formation. Similarly,
Rakshith et al. [16] highlighted the antimicrobial efficacy of
Zingiber officinale, attributing its activity to compounds such as
gingerols, shogaols and other phenolic constituents that interfere
with fungal metabolism and membrane integrity. These findings
support the growing interest in herbal and homeopathic
preparations as potential alternatives or adjuncts to conventional
denture cleansers, particularly for long-term use where
preservation of denture material properties is desirable. In the
present study, 40 heat-cured acrylic resin specimens were
fabricated according to ADA Specification No. 12 and divided
into five groups: Azadirachta indica, Cinchona officinalis, Zingiber
officinale, chlorhexidine (positive control) and sterile distilled

water (negative control). After inoculation with Candida albicans,
the specimens were immersed daily for 15 minutes in their
respective cleansing solutions. Antifungal activity was assessed
on Days 1, 7, 30 and 90 by measuring optical density at 600 nm.
Lower optical density values indicated greater antifungal
efficacy. Chlorhexidine showed the least microbial growth
throughout the study, whereas the negative control group
demonstrated progressive fungal proliferation.

Conclusion:

Azadirachta indica showed the highest antifungal activity among
herbal agents, followed by Zingiber officinale and Cinchona
officinalis, with all group differences being statistically significant
(p < 0.001). Chlorhexidine remained the most effective overall,
while the negative control showed unrestricted fungal growth.
Thus, homeopathic medicines, particularly Azadirachta indica, as
promising biocompatible alternatives for denture cleansing.
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