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ABSTRACT

Purpose: The aim of this study was to evaluate the antifungal effect of immersed acrylic resin 
material in aqueous extract of siwak solution on candida albicans in comparison to distilled water 
as a negative control or sodium hypochlorite as a positive control.

Materials and Methods: One commercially available heat cured acrylic resin; aqueous extract 
of siwak and 0.5% sodium hypochlorite were used in this study. For antifungal evaluation, the 
assessment was done by two techniques; agar diffusion method and agar dilution method. Twenty 
seven specimens (n=9/gp) were prepared using split Teflon mold (4×4 mm) for each test. The 
specimens were randomly assigned into three groups according to the type of the immersion 
solution. Group (I) aqueous extract of siwak solution, group (II) distilled water and group (III) 
0.5% sodium hypochlorite. The results were statistically analyzed. 

Results: Regarding the agar diffusion method, a statistically significant difference was found 
between the antifungal activities of the three groups. The highest mean antifungal activity was 
recorded for group I, followed by group III. While the least mean value was recorded for group II. 
Regarding the agar dilution method in both concentrations (1/100 and 1/10), there was a statistically 
significant difference between the three investigated groups. The highest candida count in colony 
forming units (CFU) was recorded for group II. Meanwhile, the least candida count was recorded 
for group I. While there was no significant difference between group III and group I.

Conclusions: 1) The aqueous extract of siwak as a denture immersion solution has a potent 
antifungal activity on candida albicans. 2) The aqueous extract of siwak can be safely applied in 
everyday practice for the acrylic dentures disinfection.

KEYWORDS: Acrylic resin, antifungal, candida albicans, denture base, denture immersion, 
siwak. 
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INTRODUCTION 

Dentures are removable appliances that 
are constructed to replace missing teeth and 
surrounding tissues and help restoring mastication 
functions, esthetics and a natural looking smile. 
Unfortunately, denture wearers face a problem 
called denture related stomatitis. Denture stomatitis 
is an inflammatory process that involves the palatal 
mucosa when covered by complete dentures. The 
etiology is multi-factorial including old age, low 
immune defenses, wearing dentures at night and 
poor oral hygiene. However, it is generally known 
that the main etiological factor is microbial. The 
presence of Candida albicans in denture plaque is 
an important factor in the development of denture 
stomatitis (1). Treatment with antifungals was found 
to be effective. Denture wearers should maintain 
proper denture hygiene not only by brushing the 
dentures, but also by using commercial disinfection 
solutions or soaking dentures in solutions which 
have antifungal effects such as diluted sodium 
hypochlorite as a part of the daily denture 
maintenance routine (2).

The examination of natural products active 
against Candida has increased obviously in the 
last 10 years, especially investigation of many 
plant species in order to treat candida infections 
(3). The difficulties related to the management 
of Candida infections necessitate the discovery 
of new antifungal agents in order to widen the 
spectrum of activity against Candida and overcome 
the development of resistance in response to the 
commercial antimicrobial drugs. Plant-derived 
natural products may offer potential leads to new 
compounds which could act on these fungi.  Also, 
herbal medicines are more effective and less 
harmful, as they have negligible side effects.

Siwak chewing sticks, which are popular in the 
Arabian countries as a commonly used oral hygiene 

tool, are made from the roots and stems of a plant 
called Salvadora Persica. It has been used by many 
Islamic communities as toothbrushes, and has been 
scientifically proven to be very beneficial in the 
prevention of tooth decay, even when used without 
any other tooth-cleaning methods (4). A variety of 
chemical components have been recognized in siwak 
extracts. Some of these biologically active chemical 
constituents as sodium chloride, potassium chloride, 
salvadourea, alkaloids, flavonoids and oleic and 
linoleic acids have been suggested to contribute to 
the cleansing efficacy of siwak by leaching out in 
saliva, and for their antifungal properties (5).

The siwak was extracted in different forms 
including water, ethanol, methanol, ethyl acetate 
and acetic acid extracts. Extracts of siwak, either 
alcoholic or aqueous, was reported to have various 
biological properties including anti-bacterial and 
anti-fungal effects (6). Previous Studies demonstrated 
that aqueous extracts of siwak could decrease 
the growth of C. albicans for up to 36 h, and at a 
concentration of 15% (6, 7).

Although, the aqueous extract of Siwak was 
proved to have an inhibitory effect on the growth of 
candida albicans (8) However, scarce informations 
are available about its use as a  routine denture base 
disinfectant. Therefore, the aim of this study was to 
evaluate the antifungal effect of immersed acrylic 
resin material in aqueous extract of siwak solution 
on candida albicans in comparison to distilled 
water as a negative control or sodium hypochlorite 
as a positive control. Null hypothesis of this study 
was that the antifungal properties of the aqueous 
extract of siwak solution would not be different than 
sodium hypochlorite. 

MATERIALS AND METHODS

The detailed description of the used materials is 
listed in table 1 as received by the manufacturers. 
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Preparation of Siwak Aqueous Extract:

A sample of the most commonly used chewing 
sticks from siwak trees was collected from a local 
market in Saudi Arabia. The fresh siwak was cut 
into small pieces and left to dry at room temperature 
for two days. Then it was ground to powder. Ten gm 
quantity of siwak powder was put into sterile screw-
capped bottle and 100 ml of sterile distilled water 
were added. The mixture was left to soak for 48 
hours at 4°C and then was centrifuged at 2000 rpm 
for 15 minutes. The supernatant was passed through 
filter paper (0.45 μm pore size) and the extract was 
prepared at 50 % concentration then, the extract was 
stored at 4°C and was used within one week (11).

Specimens preparation:

 A total of 54 heat cured disc shaped acrylic 
resin specimens were prepared using split Teflon 
mold (4mm thickness×4mm diameter). Pink wax 
was heated and packed into the mold cavities.  The 
molds were placed in the flask’s lower compartment 
containing gypsum. Then, Separating medium 
was painted all over the gypsum and molds. The 
flask’s upper compartment was placed and filled 
with gypsum. Afterwards, the flask was closed and 
clamped. Wax elimination was done by placing the 
flask in boiling water (100 ºC) for 5 minutes. The 
flask was then opened and cleaned from any wax 
remnants. 

TABLE (1) Materials used, manufacturers, compositions, commercial names and lot number

Material Composition Manufacturer Lot number

Heat-cured acrylic 
denture base material 
“Vertex rapid 
simplified heat cured 
acrylic resin”.

I. Powder:
 PMMA

II. Liquid:
 Methyl methacrylate.
 Ethylene glycol dimethacrylate.

Vertex-Dental, Netherlands. LN114K03

LN119K15

Siwak sticks. Saudi Arabia. G-12680720

Aqueous extract of 
siwak (50%).
(pH=4)

Mainly: Benzyl isothiocyanate (52.5%), 
Benzyl nitrile (38.3%), Carvacrol (3.3%), 
Benzaldehyde (2.5%), Analine (0.7%) (5, 9).

Laboratory prepared at faculty 
of pharmacy, Cairo university.

0.5% sodium 
hypochlorite.
(pH=11)

 NaOCl. Clorox FMCG, Egypt. B-445 

Artificial Saliva.
(pH=7)

 2.200 g/L gastric mucin.
 0.381 g/L sodium chloride (NaCl).
 0.213 g/L calcium chloride 

(CaCl2.2H2O).
 0.738 g/L potassium hydrogen 

phosphate (K2HPO4.3H2O).
 1.114 g/L potassium chloride (KCl).
 pH was adjusted to 7.00 at 37 ºC with 

85% lactic acid (10).

Laboratory prepared at faculty 
of pharmacy, Cairo university.

Distilled water.
(pH=7)

 Purified water. Faculty of pharmacy Cairo 
university.
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Preparation of heat cured acrylic denture base 
specimens was done by mixing the polymer and 
the monomer in the ratio 2:1 by volume according 
to the manufacturer instructions. The polymer was 
poured in a mixing jar and the monomer was slowly 
added to allow good wetting of the powder. Mixing 
was done till reaching the dough stage. 

The dough was kneaded between the fingers and 
packed into the mold cavities. Separating medium 
was painted all over the gypsum and molds. Finally, 
the flask was closed and clamped. Flask was placed 
in boiling water (100 ºc) for 20 minutes to allow 
proper curing. After finishing the curing cycle, 
the flask was removed from the water bath, bench 
cooled for 30 minutes and immersed in cold water 
for 15 minutes before deflasking. The specimens 
were then finished (12).

Randomization and blinding:

Randomization of the specimens was 
performed using the software at the website (www.
researchrandomizer.org). A single-blinded study 
was performed. Only the data collectors and the 
outcome assessors were blinded.

Specimens grouping and immersion protocol:

The specimens were randomly assigned into 
three groups (I, II, III) according to the type of the 
immersion solution (Table 2).

TABLE (2) The three tested groups used in the study 
and their description

Groups Immersion solution

Group (I) Aqueous extract of siwak solution 

Group (II) Negative control, Distilled water

Group (III) Positive control, 0.5% sodium hypochlorite

Immersion protocol was done simulating the 
clinical condition for three months period. The 
specimens were immersed through the day in the 
artificial saliva in the incubator at temperature  
37 ºc. At night, specimens were immersed 20 minutes 

either in aqueous extract of siwak solution, distilled 
water or 0.5% sodium hypochlorite according to the 
testing groups. Then, the over-night immersion was 
completed for the three testing groups in distilled 
water at room temperature 25 ºC. 

Antifungal evaluation:

Agar diffusion method:

A total of 27 heat cured disc shaped acrylic 
resin specimens (9 specimens/group) were used. 
Specimens were autoclaved then immersed for 
24 hours in the different solutions following the 
immersion protocol previously discussed.  

The agar diffusion method was performed as 
described by Casemiro et al., (2008) (13) using 
the well technique. For obtaining the inoculum, 
C. albicans (Laboratory of Microbiology, Faculty 
of medicine, Cairo University) (Research Ethics 
Committee no. 18-2-15, Faculty of dentistry, Cairo 
University) were replicated in Mueller Hinton Broth 
and incubated at 37 ºC for 24 hours. 

After incubation, the turbidity of C. albicans 
inoculums was adjusted to tube 0.5 McFarland 
standards.  In order to form the base layer, 10 ml 
Sabouraud Agar was deposited on sterile Petri dishes 
to a thickness of 2mm. After agar solidification, the 
culture media was seeded by 0.5 ml of microbial 
suspension using automatic micro-pipette, and by 
the aid of sterile swabs, C. albicans were spread on 
the medium to form the seeding layer.

Five wells with a diameter of 4 mm were 
punched into the agar in each petri dish with the 
blunted end of a sterile weatherman tube. Acrylic 
resin specimens from each investigated group were 
placed in the wells using sterile dental instrument. 
To monitor the antifungal activity, the petri dishes 
were incubated at (37ºC ± 1ºC) for 24 hours.

 Zones of fungal growth inhibition were measured 
in milli-meters with a digital caliper of 0.001 mm 
resolution. The size of the inhibition zone was equal 
to the diameter of the halo minus the diameter of the 
material disc.



EVALUATION OF THE ANTIFUNGAL ACTIVITY ON CANDIDA ALBICANS (461)

Agar dilution method:

In an attempt to simulate the clinical condition, 
the antifungal properties of the different immersion 
solutions were evaluated using the agar dilution 
method (14, 15). A total of 27 disc shaped heat cured 
acrylic resin specimens (9 specimens/group) were 
used in this test. Candida albicans were obtained 
and prepared as that was previously mentioned with 
the agar diffusion method. 

The prepared heat cured acrylic resin specimens 
were autoclaved and inserted in the weatherman 
tubes containing the 0.5 McFarland of C. albicans 
(before immersion in the tested solutions) and 
incubated at 37 ºC for 24 hours with continuous 
shaking to distribute the candida.

In order to count the number of colony forming 
units (CFU), three paper points size 15 and 20 
were used to obtain swaps from the surface of each 
acrylic resin specimen and then were transferred to 
weatherman tubes containing 1 ml Mueller Hinton 
Broth. The tubes were shaken for 2 minutes at 2800 
rounds/minute. 

Then 20 microns of the Broth from each tube 
was aspirated and introduced into special plates 
containing Sabouraud Agar media using micro 
pipettes. The Broth was evenly distributed inside 
each plate using glass rods. The plates were incubated 
for 48 hours at 37°C. Afterwards, the number of 
colony forming units was manually counted (N1). 
Then, the heat cured acrylic resin specimens were 
immersed in the different immersion solutions 
according to the three tested groups for 20 minutes. 

Swaps were obtained from the surface of each 
acrylic resin specimen using three paper points 
size 15 and 20 and transferred to weatherman tubes 
containing Mueller Hinton Broth. The tubes were 
shaken for 2 minutes at 2800 rounds/minute. Two 
dilutions of the Broth were used (1/10 and 1/100). 
The 1/10 concentration was prepared by aspiration 
of 1ml of the Broth inside the test tubes and adding 
it to 9 ml of freshly prepared Mueller Hinton 

Broth in new weatherman tubes, while the 1/100 
concentration was prepared by aspiration of 0.1 ml 
of the broth inside the test tubes to 9.9 ml of freshly 
prepared Mueller Hinton Broth in new tubes. 

Then 20 microns of the Broth from each tube 
was aspirated and introduced into special plates 
containing Sabouraud Agar media using micro 
pipettes. The Broth was evenly distributed inside 
each plate using glass rods and the plates were 
incubated for 48 hours at 37°C. The number of 
colony forming units after immersion was manually 
counted for both concentrations1/10 and 1/100 (N2 
and N3) respectively.

Statistical Analysis:

Data were explored for normality using 
Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Data for antifungal test showed non parametric 
distribution (non-normal). One way ANOVA 
followed by Tukey post hoc test was used to 
compare between more than two groups in non-
related samples. Repeated measure ANOVA was 
used to compare between more than two groups in 
related samples. 

Krukalwallis test followed by Mann Whitney 
was used to compare between each two groups in 
non-related samples. The significance level was set 
at P ≤ 0.05. Statistical analysis was performed with 
IBM® SPSS® Statistics Version 19 for Windows.

RESULTS

Agar diffusion method

The mean and standard deviation (SD) values 
for the zone of inhibition in (mm) for the different 
investigated groups are shown in (Table 3).

Results showed a statistically significant 
difference found between the antifungal activity 
of the three investigated groups where (p-value 
<0.001) with the highest mean antifungal activity 
was recorded for specimens immersed in aqueous 
extract of siwak solution (group I) followed by 
specimens immersed in 0.5 % sodium hypochlorite 
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solution (group III). Meanwhile, the least mean 
value was recorded for specimens immersed in 
distilled water (group II), indicating absence of 
antifungal activity.

Agar dilution method:

1. Agar dilution method with dilution (1/100) be-
tween different groups:

The median and range values for the candida 
count in colony forming units (CFU) for the different 
investigated groups are shown in (Table 4). 

Fig. (1) Bar chart representing mean inhibition zone diameter 
for different groups.

Fig. (2) Inhibition zone for specimens immersed in aqueous 
extract of siwak (Group I).

TABLE (4) The Median and range values for candida count in (CFU) for agar dilution method with dilution 
1/100 in different groups

Groups

Agar dilution method with dilution (1/100)

Before immersion After Immersion
P-value

Median Range Median Range

Group I (S) 60Aab 30 0Bb 3 0.003*

Group II (W) 70Aa 50 5Ba 7 0.003*

Group III (H) 50Ab 40 2Bab 7 0.003*

P-value 0.045* 0.005*

Superscripts with different capital letters indicate statistically significance difference within the same row. Superscripts with 
different small letters indicate statistically significance difference within the same column. *; significant (p≤ 0.05)     ns; 
non-significant (p>0.05)

TABLE (3) The Mean, standard deviation, maximum 
and minimum values of agar diffusion 
method (mm)

Groups
Agar Diffusion Method (mm)

Mean SD Max Min

Group I (S) 18.22a 2.33 22.00 15.00

Group II (W) 0.00c 0.00 0.00 0.00

Group III (H) 12.78b 1.39 15.00 11.00

P-value <0.001*

Superscripts with different small letters indicate statisti-
cally significance difference within the same column. 
*; significant (p≤ 0.05)     ns; non-significant (p>0.05).
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Results showed statistically significant 
difference between the three investigated groups 
before immersion in the solutions where (p= 0.045). 
The highest candida count in colony forming 
units (CFU) was recorded in both aqueous extract 
of siwak (group I) and distilled water (group II) 
with no significant difference found between both 
groups. Moreover, no significant difference was 
found between group I and group III (60 CFU & 50 
CFU respectively).

However, after immersion in the testing solu-
tions, results showed statistically significant differ-
ence between the three groups where (p= 0.005). 

The highest candida count in colony forming units 
(CFU) was recorded in group II indicating the least 
antifungal activity, while the least candida count 
was recorded in group I indicating the highest an-
tifungal activity. A significant difference was found 
between group II and I where (p=0.02), while there 
was no significant difference found between group 
III and both group II and I, where (p=0.06) and 
(0.13) respectively. Moreover, within each group, 
results showed statistically significant difference 
between before and after specimens immersion in 
the three investigated groups (I, II&III), where (P 
value=0.003).

2. Agar dilution method with dilution (1/10) be-
tween different groups:

The median and range values for the candida 
count in colony forming units (CFU) for the different 
investigated groups are shown in (Table 5). 

Results showed statistically significant 
difference between the three investigated groups 
before immersion in the solutions, where (p= 0.001). 
The highest candida count in colony forming units 
was recorded in both siwak group (group I) and 
0.5% sodium hypochlorite group (group III) with 
no significant difference between both groups. In 
addition, there was significant difference between 

Fig. (3) Bar charts representing colony forming unit by agar 
dilution method with dilution 1/100 between different 
groups.

TABLE 5: The Median and range values for candida count in (CFU) for agar dilution method with dilution 
(1/10) in different groups

Groups

Agar dilution method with dilution (1/10)

Before immersion After Immersion
P-value

Median Range Median Range

Group I (S) 110Aa 60 1Bb 3 0.003*

Group II (W) 90Ab 60 7Ba 7 0.003*

Group III (H) 140Aa 50 3Bab 7 0.003*

P-value 0.001* 0.02*

Superscripts with different capital letters indicate statistically significance difference within the same row. Superscripts with 
different small letters indicate statistically significance difference within the same column. *; significant (p≤ 0.05)     ns; 
non-significant (p>0.05)
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group II (distilled water) and both group I (siwak) 
and group III (sodium hypochlorite).

However, after immersion in the testing solutions, 
results showed statistically significant difference 
between the three groups where (p = 0.02). The 
highest candida count in colony forming units was 
recorded for group II indicating the least antifungal 
activity, while the least candida count was recorded 
for group I indicating the highest antifungal 
activity. A significant difference was found between 
group I and II where (p= 0.008). While there was 
no significant difference found between group 
III and both group II and I where (p=0.19) and 
(0.13) respectively. In addition, within each group, 
results showed statistically significant difference 
between before and after specimens immersion 
in the three investigated groups (I, II&III), where  
(P value=0.003).

DISCUSSION

Over the years, many materials have been used 
to construct removable complete or partial denture 
bases. Polymethyl methacrylate (PMMA) is the 
most frequently used denture base material owing 
to its less cost, easy construction and manipulation 
procedure, easiness of repair compared to other 
materials available for denture fabrication and good 
esthetics (16, 17). Selection of the suitable denture 
base material, manufacturing technique, finishing 
and polishing, and daily routine denture care are 
important factors that governor plaque accumulation 
and pathogen colonization on the prosthesis  
surface (18).

Candida albicans is the most common fungal 
pathogen on denture surfaces and the main cause 
for denture stomatitis. Many studies reported the 
prevalence of denture stomatitis ranges from 10% to 
75%, which means that up to two thirds of denture 
wearers may suffer from this problem (19). 

Sodium hypochlorite was selected in this study 
as it was proved that it has fungicidal effect and 

Fig. (4) Bar charts representing colony forming unit by agar 
dilution method with dilution (1/10) between different 
groups.

Fig. (5) Agar dilution method for different groups with dilution 
(1/10) before and after immersion, a: specimen from 
group I before immersion in swiak, b: specimen 
from group I after immersion in siwak, c: specimen 
from group II before immersion in distilled water, d: 
specimen from group II after immersion in distilled 
water, e: specimen from group III before immersion in 
sodium hypochlorite, f: specimen from group III after 
immersion in sodium hypochlorite.
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was known to be effective by dissolving mucin 
and other organic substances (20, 21). Moreover, 
Paranhos et al., (2013) (22) and Amin et al., (2014) 

(23)  demonstrated that 0.5% sodium hypochlorite 
is an effective denture cleanser for protecting 
prosthesis from microbial colonization and 
maintaining oral and denture health. In addition, 
sodium hypochlorite leaves the surface roughness 
of the denture unchanged so decrease the chances 
of plaque accumulation (24). 

Siwak is well known to have effective activity 
for dental complaints. It is also named as Meswak 
tree, the roots and twinges of this tree have been 
used for teeth cleaning since ancient times. It is one 
of the most commonly used medicinal plants for 
oral hygiene among global Muslim community (25). 
In the present study, we investigated the aqueous 
extract of siwak, as a denture disinfectant solution, 
as an alternative to sodium hypochlorite. Aqueous 
extract of siwak was evaluated for its antifungal 
activity against candida albicans.

In order to evaluate the antifungal activity, the 
agar diffusion and agar dilution methods were 
used. The agar diffusion method is the most widely 
accepted screening method to assess the antifungal 
properties of the tested immersion solutions. Agar 
diffusion method has many advantages over other 
methods owing to its simplicity, the ability to 
test massive numbers of antimicrobial agents and 
microorganisms, low cost and the easy interpretation 
of the results. That’s why it is commonly used 
for the antimicrobial screening of plant extracts, 
essential oils and other drugs. Also, its outcomes 
guide clinicians in the appropriate selection of 
initial treatments (14). 

However, since the inhibition of fungal growth 
does not mean the fungus death, this method cannot 
discriminate fungicidal and fungistatic effects (14). 
Unfortunately, it doesn’t provide a reproducible 
and standardized method of testing (26). Also, when 
bearing in mind the results of the agar diffusion 

method, it must be known that the size of the 
inhibition zone is dependent on the rate of diffusion 
of the antimicrobial agent in the medium itself (26, 27). 

Agar dilution is considered the gold standard 
of susceptibility testing and the most accurate way 
to measure the resistance of bacteria to antibiotics. 
This technique is suitable for both antibacterial and 
antifungal susceptibility testing. Results achieved by 
the agar dilution method are easily reproduced and 
can be monitored at a much cheaper cost compared 
to other methods (2, 14).

Results of agar diffusion method showed a sta-
tistically significant difference between the antifun-
gal activities of the three investigated groups with 
the highest antifungal activity recorded for speci-
mens immersed in aqueous extract of siwak solu-
tion followed by specimens immersed in 0.5% so-
dium hypochlorite solution (Table 3). This might 
be attributed to the biologically active compounds 
of the siwak. Among these compounds; flavonoids, 
salvadorine, cyanogenic glycosides, lignans, sapo-
nins, alkaloids, tannins, linoleic acid, steraric acid, 
salvadourea, vitamin C, silica and different salts 
that were proved to have significant antimicrobial 
activity (5, 28). 

This result was in agreement with Al Bagieh 
and Almas (1997) (7) whose results showed that 
aqueous extracts of siwak could reduce the growth 
of C. albicans for up to 36 h and at a concentration 
of 15%.  Additionally, Al-Bayati and Sulaiman 
(2008) (29)  proved that both aqueous and alcoholic 
extracts had equal antifungal activity against 
Candida albicans. 

The agar dilution test was conducted in attempt 
to simulate the clinical condition where the candida 
albicans microorganisms are already attached 
to the denture base and need to be eliminated by 
immersing the denture in a denture disinfectant 
solution. Two dilutions of the Broth were used (1/10 
and 1/100) for testing the antifungal activity of the 
tested immersion solutions. Of the two dilutions, the 
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(1/10) concentration was considered more important 
since it had higher number of microorganisms per 
unit volume, thus any ability to induce changes in 
the candida count will be more challenging. 

The results of this test showed no significant 
difference between group I (aqueous extract of 
siwak) and group III (0.5% sodium hypochlorite) 
at both dilutions (1/100 and 1/10) (Table 4 and 
5 respectively). This might be attributed to the 
biologically active compounds of the siwak 
such as flavonoids and salvadorine as previously  
discussed (5).

 In addition to the antifungal effect of sodium 
hypochlorite which is due to dissolving mucin 
and other organic substances in candida (20). Also, 
the presence of un-dissociated hypoclorous acid 
(HOCL) which oxidizes sulfhydryl groups (-SH) 
of amino acids and proteins to the disulphide form  
(S-S) (30). 

Within each group the results for both dilutions 
(1/100 and 1/10) showed statistically significant dif-
ference between before and after specimens immer-
sion in the three tested solutions. This indicated a 
decrease in the candida count even after immersion 
in the negative control group (distilled water). This 
might be attributed to the washing effect of the three 
tested solutions. In addition to the absence of strong 
attachment between candida albicans and the den-
ture base specimens as it depends on the surface 
roughness of the acrylic resin itself and the degree 
of finishing and polishing as well. 

Moreover, aqueous extract of siwak contains 
tannic acid which is an astringent that precipitates 
albumin (31). Helderman et al., (1992) (32) found that 
when dentures were treated with tannic acid, the 
candida attachments to the denture bases surfaces 
were significantly reduced. It employs an astringent 
effect on the mucous membrane reducing the 
gingivitis. 

Tannins inhibit the glucosyl transferase enzyme 
action thus reducing plaque and gingivitis (33). This 

was also proved by Emira Noumi et al., (2011) 
(9). In addition, Webb et al., (1995) (34) showed 
that sodium hypochlorite in a concentration below 
the minimal inhibitory concentration results in a 
significant reduction in the adhesive abilities of 
candida species, so it is an effective antifungal agent 
when used as a denture soak in denture stomatitis.

CONCLUSIONS

1. The aqueous extract of siwak as a denture 
immersion solution has a potent antifungal 
activity on candida albicans.

2. The aqueous extract of siwak can be safely 
applied in everyday practice for the acrylic 
dentures disinfection.
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