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ABSTRACT

Continuous denture wearing, lack of adequate hygiene and infection with Candida albicans 
(C. albicans) are among the etiological factors of Denture stomatitis (DS). The management of DS 
ranges from the implementation of oral hygiene measures and removal of predisposing factors to 
the use of antifungals, depending on the severity of inflammation. 

Aim of the study: This study aimed to evaluate the short-term effect of heat killed lactobacillus 
acidophilus - Lacteol Fort® (LF)- as a probiotic and garlic extract -Tomex Plus® (TP)- as a prebiotic 
on salivary C. albicans counts and biofilm-forming ability, in elderly denture wearers with DS. 

Methods: This was a single-center, single-blind, randomized pilot clinical trial. 27 complete 
denture wearers were randomly allocated into 3 groups; group I (control), group II (LF) and group 
III (TP). Each group was clinically assessed for DS and microbiologically evaluated for salivary 
C. albicans counts at baseline and after 15 days. The biofilm-forming ability of salivary C. albicans 
was assessed, as well, for each group at the end of the experimental period. 

Results: Clinical assessment revealed a reduction in the total erythematous area dimension 
from 3.00 ± 0.40 mm for group II (LF) and from 3.20 ± 0.54 mm for group III (TP) to ≤2 mm 
for either group after treatment. Microbiological evaluation showed that C. albicans counts and 
biofilm-forming ability were significantly lowered in groups II (LF) and III (TP). 

Conclusion: LF and TP were both found to be effective in reducing DS associated inflammation, 
C. albicans counts and biofilm-forming ability.

KEYWORDS: Denture stomatitis, prebiotic, probiotic, Candida albicans, biofilm



(1476) Abdel Hamed B.M. and Eman AlaaE.D.J. Vol. 67, No. 2

INTRODUCTION 

Candida albicans (C. albicans) is a dimorphic 
fungus that is normally present in small numbers in 
the oral flora of humans[1, 2]. It may exist both as a 
commensal as well as an opportunistic pathogen[3]. 
The ability of C. albicans to transition from com-
mensal to pathogen is largely due to its ability to 
change from yeast to hyphal forms, a key virulence 
factor of this species. This transition is mediated by 
a rise in pH[4].C. albicans can catabolize proteins 
like keratin, releasing ammonia with a consequent 
rise in pH, favoring hyphal morphology[5].Ultra-
structurally, the morphological shift of C. albicans 
to the hyphal form is mediated through the polariza-
tion of the actin cytoskeleton via sequential activa-
tion of cyclin and cyclin-dependent kinases[1, 2, 6].

The virulence factors of C. albicans also 
include cellular glycoproteins, such as glucose and 
mannose, which facilitate adherence to surfaces and 
formation of biofilms[1]. Furthermore, C. albicans 
possess cellular polysaccharides which are able to 
repress host defense mechanisms as they inhibit 
phagocytosis and induce suppressor T lymphocytes[4, 

7]. C. albicans present in biofilms exhibit slower rates 
of growth yet a superior resistance to antimicrobials 
and mechanical removal than do planktonic cells[8]. 
A microbial species may be able to construct a 
biofilm solely, however, the in vivo scenario usually 
involves an array of bacterial and fungal species[1].

Biofilm formation and C. albicans adherence 
to denture bases is thought to occur in a two-stage 
process[7]. The primary stage is nonspecific and 
reversible, while the second stage is via specific 
intermolecular interactions[1, 3]. Factors enhancing 
the adherence of C. albicans include surface 
roughness, the presence of other adherent micro-
organisms, and the consumption of a carbohydrate-
rich diet[9].

Removable appliances are common devices 
to replace, retain or move teeth in children as 
well as the elderly[10, 11]. Those who use a dental 

prosthesis (orthodontic appliances, removable 
or complete prosthesis) are susceptible to 
denture stomatitis associated with C. albicans[12]. 
Polymethylmethacrylates (PMMA) are commonly 
used materials for denture construction, owing 
to their simple preparation, stability in the oral 
environment, esthetically acceptable color and 
affordable price[9, 13]. Nevertheless, PMMA absorbs 
water with consequent polymeric breakdown, which 
adds to surface crazing and irregularities on the 
denture fitting surface resulting in microorganism 
entrapment[13]. The denture fitting surface facilitates 
ammonia production and a subsequent rise in pH 
through the degradation of mucous membrane 
proteins. This rise in pH along with the warm 
temperature of the oral cavity promote hyphae 
formation and consequently the development of 
denture stomatitis[5, 14, 15]. Newton (1962) classified 
denture stomatitis (DS) into three main types, 
type 1, with focal areas of inflammation, type 2: 
wide spread erythema and type 3: with papillary 
hyperplasia[2].

DSis one of the most reported denture-related 
lesions. Moreover, recently its` incidence has been 
rising, with the emergence of acquired multiple drug-
resistant strains of C. albicans[16].Like other yeasts, 
C. albicans can develop evolutionarily mechanisms 
that lower their susceptibility towards a given drug 
through the acquisition of different mutations[17-19]. 
These mutations directly or indirectly interfere with 
the binding of a drug to its targets by inducing gene 
expression changes that reduce drug susceptibility. 
In this regard, an enhanced capacity to form 
biofilms can result in the acquisition of resistance, 
as these structures promote yeast survival upon 
exposure to drugs[3, 17-19]. Research has been focused 
lately on the development of other therapeutic 
substitutes for candidiasis management including 
probiotics, prebiotics, antifungal peptides, sera 
with monoclonal or polyclonal antibodies or 
combinations of cytokines[16].
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Health awareness coupled with the fast pace of the 
modern-day life made “Nutraceutical and functional 
food (NFF) substances” a familiar component of 
many daily dietary plans. The word nutraceutical 
originated from the merging of the words“nutrition” 
and “pharmaceutical”[20-23]. Nutraceutical denotes 
unaltered or processed natural compounds that 
impart health benefits and are generally marketed 
as food supplements. Probiotics and prebiotics are 
considered as Nutraceutical/functional foods due to 
their health benefits[20, 21, 24].In the year 2002, Food 
and Agriculture Organization of the United Nations 
(FAO) defined probiotics as being “live strains 
of strictly selected microorganisms which, when 
administered in adequate amounts, confer a health 
benefit on the host”.  In 2013, the definition was 
acknowledged also, by the International Scientific 
Association for Probiotics and Prebiotics (ISAPP). 
Prebiotics characterization, however, has been 
modified for years. In 2007, FAO/WHO experts, 
finally defined prebiotics as “a nonviable food 
constituent that confers a health advantage on the 
host linked to the microbiota modulation”[21-23].

To date, the precise mode of action of probiotics 
has not been elucidated[24, 25]. The simplest benefit 
that research suggests is the competition for 
nutrients and adhesion sites on the epithelium[26]. 
Another suggested mechanism is through the 
improvement of epithelial barrier function, by some 
strains of Lactobacillus spp., through upregulation 
of IgA synthesis and mucus production[25, 26].

Moreover, it has been reported that probiotics 
control the Nuclear Factor Kappa-Light-Chain-
Enhancer of activated B cells (NF-kB) pathway[26].
They also modulate proteoglycan recognition 
proteins and toll-like receptors on mucosal cells 
of the gastrointestinal tract (GIT). The latter 
subsequently resulting in the activation of T-helper 
and dendritic cells[21, 26, 27]. Furthermore, probiotics 
are able to produce antimicrobial compounds 
like bacteriocins which antagonize the growth of 
pathogenic microorganisms[21, 26].

Lacteol fort (LF) is a commercially available 
probiotic. It should be noted though that it diverges 
from the strict description of probiotics, as it is 
made up of heat-killed micro-organisms and not 
viable ones. The efficacy of LF in promoting GIT 
health and in controlling diarrhea has been reported 
by several researchers over the past decade[28-31].
However, its` effect on DS hasnot been reported 
before in literature, to the best of our knowledge. 
LF comprises the “probiotic” microorganism, 
Lactobacillus acidophilus LB Strain. Lactobacillus 
acidophilus strain is an integral part of the resident 
human microflora. In vitro and in vivo studies have 
repeatedly demonstrated this micro-organism`s 
probiotic activity through the secretion antimicrobial 
substances and enhancement of the immune 
response against pathogens[29, 32, 33]. Probiotics were 
also proved to lessen the risk of hyposalivation and 
the feeling of dry mouth in elderly patients[34].

Prebiotics, on the other hand, are short-chain 
carbohydrates that are non-digestible in the upper 
GIT. Prebiotics are also capable of preferentially 
enhancing the growth of beneficial bacteria 
especially, Bifidobacterium and Lactobacillus 
while retarding that of pathogenic bacteria[21, 

22]. Other benefits that have been described in 
literature regarding prebiotics are the anticancer 
effects (colon cancer) and their ability to increase 
the bioavailability of Fe & Ca and osteoporosis 
management, especially in children[22, 35].

Commonly consumed prebiotics include garlic, 
onion, asparagus, whole wheat flour, banana, 
raw wheat bran, raw leek and raw chicory roots. 
Garlic`s biological activity is attributed to Allicin 
which gives garlic it’s characteristic smell. When 
garlic is cut or crushed, the enzyme alliinase 
changes alliin into allicin[36].

Allicin(diallyl thiosulfinate) possess a 
documented anti-fungal, antiviral, anti-parasitic 
and anti-bacterial activity[35, 37].  It has been reported 
to exhibit a broad-spectrum antimicrobial activity, 
even against multidrug-resistant bacteria[38-40]. 
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Allicin can cross cell membranes and combine with 
sulfur-containing molecular groups in proteins. 
Consequently, there is oxidation of glutathione with 
the induction of microbial apoptosis[37, 39, 41]. 

Micro-array tests proved that allicin impaired 
the expression of genes coding for enzymes of 
amino acid metabolism and iron-uptake [40]. 
These findings may be explained by the action 
of allicin on some transcription factors (YAP1, 
SKN7), which control oxidative stress response in 
yeast[40, 42, 43]. In addition, allicin appears to stimulate 
cellular immunity, which gives it an advantage over 
conventional antifungal drugs[39]. The bioactivity 
and benefits of allicin, justifiably, gave it the title “ 
The heart of garlic”[41].

Tomex plus (TP) is an Egyptia nmade, 
commercially available enteric-coated tablet of 
dried garlic powder extract with allicin. Allicin is 
considered to be a potent prebiotic[20, 37, 39] that is sold 
under different brand names. Many brands of garlic 
are manufactured as enteric-coated tablets to prevent 
its` disintegration in the stomach. The enzyme 
alliinase - required for allicin release from garlic- 
is inactive at pH 3.5 or lower[36, 37, 40].Additionally, 
besides being rich in allicin, TP also contains many 
essentials micronutrients, like vitamin A, C and 
E and zinc. Jointly,  these micronutrients play a 
pivotal role in maintaining the functional integrity 
of mucosal cells, collagen and Lymphocytes and 
protect cell membranes from damage caused by 
free radicals, as well[44]. TP as a prebiotic and its` 
effect on DS has not been evaluated or reported in 
literature, to date.

LF and TP are commercially available and 
cheap. Their probiotic and prebiotic components 
are assumed to be able to act against a wide range 
of pathogens and to be immunomodulatory. The 
above-mentioned characteristics make them ideal 
candidates for assessment as potential antifungal 
agents. The present study was designed to assess the 
effect of LF and TP on salivary C. albicans counts 
and biofilm-forming ability, in elderly denture 

wearers, which has not been reported before in 
literature, to the best of our knowledge.

AIM OF THE STUDY

This study aimed to evaluate the short-term 
effect of Lacteol fort (LF) as a probiotic and Tomex 
plus (TP) as prebiotic on salivary C. albicans counts 
and biofilm-forming ability, in a group of elderly 
denture wearers.

MATERIALS AND METHODS

a) Study design and participants

This was a single-center, single-blind, 
randomized pilot clinical trial. The trial took place 
at the dental hospital of the Faculty of Oral and 
Dental Medicine (FODM), Future University in 
Egypt (FUE), Cairo, Egypt.

Through the period from September 2019 
to January 2020, 30 complete denture wearers 
attending the out-patient clinics of the dental 
hospital of the FODM, FUE, were evaluated for 
this study. All patients were clinically examined and 
were asked to fill-out a detailed questionnaire for 
this study. The questionnaire contained information 
about; personal data, medical history, how long 
they have worn the prostheses, last modification to 
the prosthesis to make sure they had not performed 
any modification to their dentures or dietary habits 
over the past 6 months. Patients were considered 
ineligible if they had any of the exclusion criteria 
which comprised; inability to perform or understand 
the experimental procedures, use of antibiotics, 
immunosuppressives, antifungals and/or antiseptic 
mouth rinses in the previous 6 months, report of 
consumption of probiotics over the past 6 months, 
had severe GI disorders, heart disease, HIV and/or 
AIDS.

From the 30 evaluated denture wearers, 3 were 
not considered eligible, as two took antibiotics over 
the past couple of months and one had had a cardiac 
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infarction four months earlier. Twenty-seven 
patients met the eligibility criteria. The clinical 
examination and DS classification were performed 
by two independent certified prosthodontists (to 
confirm the diagnosis and avoid bias), according to 
Pattanaik, Vikas et al. 2010 and Martins and de 
Lacerda Gontijo 2017, [10, 45].From the twenty-
seven patients included in the study 17 (62.9%) 
were male and 10 (37.1%) were female. The average 
age of the included patients was±61.8. Criteria 
for discontinuing intervention were allergies or 
worsening of the symptoms. 

The present study has been performed in 
accordance with “The Code of Ethics of the World 
Medical Association” (Declaration of Helsinki) for 
experiments involving humans[46].All participants 
were fully informed about the study and signed a 
detailed informed consent. The experimental design 
and study protocol described earlier, were approved 
by the ethical committee of the FODM, FUE (#FUE.
REC-(1)/2020).

b) Grouping, Randomization, allocation conceal-
ment and blinding

1. Grouping

The 27 patients included in the study were 
randomly allocated into one of three groups.

Group I (C):  Control (basic standard 
management only).

Group II (LF): Receiving LF (along with the 
basic standard management).

Group III (TP): Receiving TP (along with the 
basic standard management).

Patients in all three groups were instructed 
to follow basic standards for the management of 
DS type 1 according to Lombardi and Budtz-
Jørgensen 1993[47] and Gade, Pawar et al. 2015[11], 
throughout the experimental period. Basic standard 
management included the following; patients were 
instructed to maintain good oral hygiene, rinse 

after meals (3 times daily) with a benzydamine 
containing mouth wash and stop denture wearing 
through-out the night. Patients were also directed to 
remove dentures for as long as possible and to brush 
their dentures with warm water and immerse them 
for 15–30 min. twice weekly in a solution of white 
vinegar (diluted 1:20)[48].

Lacteal fort®, Rameda, Egypt, under license 
from ADARE pharmaceuticals (probiotic): 
each sachet contains Lactobacillus acidophilus LB 
Strain, 10 billion (Lyophilized killed microbial 
bodies), Neutralized and lyophilized culture 
medium 160mg, Excipients: Lactose monohydrate, 
calcium carbonate, silicic acid, banana-orange 
flavor, saccharose, q.s.800mg. The allocated 
patients received a 15-day supply of sachets with 
the labelling on the sachet of the drug obscured 
using a non-erasable marker. The dose indicated by 
the manufacturer for adults was two sachets for the 
first dose, then 1 sachet twice daily thereafter. The 
patients were instructed to rinse with the dissolved 
sachet and keep the fluid in the oral cavity for a 
minimum of 30 seconds before swallowing. 

Tomex Plus®, Sekem, Egypt (prebiotic): 
each bottle contains 50 odorless garlic enteric-
coated tablets. 300 mg dried garlic powder tablets 
with concentrated allicin, Lycopene, Monohydrate 
Selenium Dioxide, Vitamin A, Vitamin C, Vitamin 
E and Zinc Sulphate as active ingredients. A packet 
with a 15-day supply of tablets was given to the 
patients. The prescribed dose was according to 
manufacturer recommendations (three tablets per 
day).

2. Randomization: Computer-generated random-
ization was done to randomly assign patients to 
group I, II or III, using a Microsoft office excel 
2007 sheet. This was performed by the prosth-
odontics clinic secretary with the help of the 
head of the floor nursing staff, the authors of this 
study took no part in the randomization process.
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3.  Allocation concealment: The codes for 
allocation were written on a piece of opaque 
white paper by the secretary of the prosthodontic 
clinic and the head of the nursing staff. The code 
was then folded and kept securely at the clinics` 
secretary office. 

4. Blinding: This is a single-blind pilot clinical 
trial as blinding of the operator (a resident in the 
prosthodontic department, responsible for taking 
the drugs from department and giving them to 
the allocated patients) was not be possible due to 
the different forms of the tested material (lacteol 
fort -LF- probiotic- is available in powder form 
in sachets while, Tomex plus -TP- prebiotic- 
is in tablet form). Patients were blinded to the 
treatment they were receiving. The instructions 
for taking the allocated treatment were written 
beforehand by the authors of this study and 
kept with the drugs, in the drug cabinet in the 
prosthodontics clinic. Each drug was placed 
in a separate locked drawer that was labelled 
with group name on the outside, the keys to the 
drawers were kept with the head of the nursing 
staff.

5. Saliva collection: Whole saliva was collected 
and assessed for all groups at baseline (confirm-
ing the presence and counts of C. albicans) and at 
the termination of the experiment after 15 days.

Salivary samples were collected a day after 
clinical examination. The collection was made by 
the authors of this study between 8 to 11 am and 
subjects were instructed not to eat for two hours 
prior to the appointment[49]. Saliva was collected 
using `Spitting Method` for 5 minutes by repeatedly 
spitting in 50 mL sterile tubes every 60 seconds[50]. 
After saliva collection, all samples were stored 
immediately at 4ºC on BHI broth and sent to the 
microbiology laboratory where they were cultured 
within 2 hours.

c) Tests

1. Clinical evaluation

The erythematous areas were visually counted 
and dimensions recorded in mm using a piece of 
graph paper by two independent prosthodontists 
and the average was calculated to be used in this 
study. The total dimensions of erythematous areas 
measured by each prosthodontist for each patient 
were summed up, and the mean was recorded at 
baseline and after 15 days of treatment.

2. Microbiological evaluation

Using a sterile loop, 10μlof each collected 
sample was cultured on sabouraud dextrose agar 
and was incubated at 37% for 24 hours.

3. Candida colony forming units

At baseline, a salivary sample was obtained from 
each participant and the infection level of Candida 
sp. was evaluated on a sabouraud dextrose agar 
plate. This was repeated at the end of the experi-
mental period. The colonies forming on the plates 
were counted.  

4.	 Biofilm-forming	 ability	 (biofilm	 growing,	
staining and quantifying)

A single colony of C. albicans from sabouraud 
dextrose agar plate was collected and suspended 
in sterile BHI broth at 37˚C overnight for each 
group. It was then diluted into 1:100 fresh medium 
then 100 μl were added per well in a 96 well dish. 
For quantitative assays, 8 replicate wells for each 
treatment were used and finally the microtiter plate 
was incubated for 24 hours at 37°C.

After incubation, the cells were dumped out by 
turning the plate over and shaking out the excess 
liquid. Then gently the microtiter plate was sub-
merged in a small tub of water then the excess wa-
ter was shaken out. A125 μl of a 0.1% solution of 
crystal violet (CV) in water was added to each well 
of the microtiter plate. The microtiter plate was then 
incubated at room temperature for 10-15 min., then 
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rinsed 3-4 times with water, by submerging in a wa-
ter tub. To each well of the microtiter plate, a 125 μl 
of 30% acetic acid in water was added, to solubilize 
the CV. Again, the microtiter plate was incubated at 
room temperature for 10-15 min. To a new flat-bot-
tom microtiter plate, 125 μl of the solubilized CV 
was transferred to quantify absorbance. Absorbance 
was quantified in a plate reader at 550 nm, using 
30% acetic acid in water as the blank[51].

Data analysis 

The collected data were tabulated using Microsoft 
Excel (Microsoft Office 2007), through the course 
of the study. After the completion of the study, the 
data from the excel sheets were tabulated using the 
Statistical Package for Social Science (SPSS 15.0) 
Software.  The mean values and standard errors 
were calculated. Graphs were performed using 
Microsoft PowerPoint software (Microsoft Office 
2007). Differences in the characteristics between 
the two groups were assessed by one-way ANOVA 
and Student’s t-test. The results were considered 
significant at p≤0.05.

RESULTS

Clinical evaluation 

Patients of all three groups in the study had a 

maximum of 3 erythematous areas that measured 
between 1 to 2 mm in greatest dimension. By day 
15, groups II and III had exhibited a reduction in 
the dimensions of the erythematous areas (≤2 mm). 
While, for group I the mean reduction in dimensions 
oferythematous areas was only 3%, by day 15. 

C. albicans colonies (infection levels) and bio-
film-forming	ability

Using One-way ANOVA and student t-test, it 
was found that there was no significant differences 
between the groups at baseline ((p>0.05). At the end 
of the experimental period, it was found that there 
was a statistically significant difference among the 
studied groups (p=0.000). Student t-test revealed 
that difference between group I and either group 
II or III was highly significant (p=0.000) but the 
difference between group II and III was statistically 
insignificant (p=.778). 

As for the Biofilm quantification assay, One-
way ANOVA showed that there was a significant 
difference among the studied groups and student 
t-test revealed that there was a significant difference 
between group I and either groups II or III (p≤ 
0.001) and there was a non-significant difference 
between groups II and III (p>0.05). 

TABLE 1: Descriptive analysis of the C. albicans counts (infection level) among the studied groups 

Mean±SD
Total Erythematous

Area dimension in mm
C. albicans counts

C. albicans
Biofilm-forming ability

At baseline Group I 3.11 ± 0.64 49.00±3.87 -

Group II 3.00 ± 0.40 48.00±3.202 -

Group III 3.20 ± 0.54 48.78±2.99 -

At the end of 
experimental 

period

Group I 2.69 ± 0.43 42.00±4.272 5.00 ± 0.43

Group II ≤2 1. 89±0.928 0.26 ± 0.07

Group III ≤2 3.33±1.14 0.31 ± 0.08
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Fig. (1) Column chart showing the mean C.albicans counts and 
biofilm forming ability in the studied groups

DISCUSSION

The incidence of C. albicans infection and 
resistance to treatment has increased over the past 
couple of decades. This increase is causing alarm 
among healthcare professionals. This increasehas 
been attributed to the longer life span of the 
population besides the overuse of broad-spectrum 
antimicrobials, immune-suppressive and cytotoxic 
drugs[2, 5, 7].

Longer life expectancies led to an increase in the 
number of people requiring removable dentures[11]. 
Denture wearers are especially susceptible to C. 
albicans infection due to age-associated immune 
system impairment, together with the irregular 
denture fitting surface providing an ideal incubator 
for a biofilm with a substantial microbial population. 
Most denture wearers are also characteristically 
older adults who -understandably- lack sufficient 
physical dexterity to effectively cleanse their 
appliances[3].

The majority of denture wearers are afflicted 
with DS during their course of life. The etiology 
of DS is multifactorial. It has been associated with 
continuous and long-term use of dentures and poor 
oral and denture hygiene habits[52].Poor hygiene fa-
cilitates colonization of PMMA denture base mate-
rial by C.albicans, primarily by means of biofilm 
formation and morphological switching[1, 9, 13]. 

The treatment of DS is complex because of its’ 
multifactorial etiology. Management of denture 
stomatitis includes good oral hygiene, improvement 
in denture cleansing procedures and discontinuation 
of nocturnal denture wearing. Topical or systemic 
antifungal agents may be prescribed, as well, if 
necessary[4, 11, 18, 53, 54]. However, antifungals have 
some drawbacks, from the evolution of treatment-
resistant C. albicans strains to the lack of patient 
compliance due to the burning sensation on topical 
antifungal application[19, 54, 55]. Systemic antifungals 
have even more side-effects involving diarrhea, 
vomiting, hepatotoxicity and cardiac problems 
which are particularly serious in older patients[18, 55].
Moreover, antifungals are effective against yeasts 
alone, while the biofilm on the denture surface is a 
complex community of yeasts, as well as, bacteria[55].

Collectively, these reasons called for the 
development of a more effective treatment with 
fewer side effects. The current study was designed to 
evaluate the feasibility of using naturally occurring 
material (Nutraceutical and functional food) that act 
as probiotics (LF) or prebiotics (TP), to reduce C. 
albicans counts and biofilm formation,in denture 
wearers [18, 20, 52].

Type 1 DS management is based primarily on 
the adherence to oral/ denture hygiene measures and 
discontinuous denture wearing[11, 54]. This treatment 
protocol was adopted, as the standard treatment,in 
the current study to be followed by all groups, 
through-out the experimental period.

(LF) is a commercially available drug that is 
considered to act as a probiotic. It was chosen for 
this study due to its` documented effectiveness 
in improving GIT microbiome, very few adverse 
reactions, reasonable price, ease of use and 
availability[28-30]. Even though other probiotics may 
fil these criteria, (LF) was still the drug of choice 
for this study asin contrast to most probiotics, (LF) 
comprises heat killed lactobacilli not viable ones. 
Furthermore, (LF)`s effect on salivary C. albicans, 
to the best of our knowledge. albicans count and 
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biofilm-forming ability have not been reported 
in literature[29, 30]. According to the conclusions of 
the studies performed by Youssef et al. 2019[30], 
chronic diarrhea was more markedly improved in 
the lacteal fort group than in the living lactobacilli 
group. Moreover, Shripada, Gayatri et al. 2020[56]

Madden and Hunter 2002[57], stated that heat killed 
probiotics demonstrate comparable health benefits 
to live probiotics and a longer shelf life, without 
carrying any of the latters’ potential risks. Whereas 
Chen, Tsen et al. 2013, stated that heat killed 
probiotics showedan enhanced immunomodulatory 
activity in comparison with live strains[27]. Heat 
Killed probiotics are currently referred to as 
parabiotics[56]. The main risks associated with the 
consumption of live probiotics include, systemic 
infections due to translocation; interference with 
gastric colonization in infants; and the acquisition 
of resistance genes[28].

The prebiotic of choice in this study was a 
commercially available garlic extract (TP). It  
imparts the beneficial effects of garlic as a prebiotic 
without its`“in convenient” drawbacks[52]. Garlic 
causes bad breath and body odor, a burning sensation 
in the oral cavity, heartburn, and nausea, in some 
instances[36, 58]. Allicin is the primary bioactive 
compound in garlic that gives it its` prebiotic quality 
along with its bad smell, unfortunately[35, 36, 38]. TP 
is an allicin containing enteric coated tablet that 
dissolve in the intestine, subsequently alleviating 
the feeling of discomfort and bad smell, associated 
with fresh garlic. Several studies demonstrated 
garlic had promising results in management of  
DS[38, 52, 58], none of which however used TP in 
particular. In addition to allicin, TP also contains 
vitamin A, C and E and zinc sulphate, all of which 
collectively facilitate tissue regeneration, enhance 
the immune system and serve as antioxidants[44].

The results of the current work showed that, by 
the end of the experimental period, Group I (C), 
revealed a slight reduction in C. albicans counts, 
compared to base line. This can be attributed to the 

fact that some of subjects`physical condition did not 
allow them to perform hygiene measures thoroughly 
or perhaps a longer duration was required for this 
standard care to have its’ full effect Gade, Pawar 
et al. 2015, stated that for management of DS, oral 
and denture hygiene must be incessant, for as long 
as salivary candida counts remain high[11].

Compared to group I (C), groups II (LF) and 
III (TP) exhibited significantly lower C. albicans 
counts and biofilm-forming ability at the end of the 
experimental period. The inflamed erythematous 
areas associated with DS were also reduced in 
groups II (LF) and III (TP), again supporting the 
anti-inflammatory/immunomodulatory effect of 
both LF and TP.

Despite their different Pharmacodynamics, both 
LF and TP were able to significantly lower the C. 
albicans counts and biofilm-forming ability, when 
compared to the baseline or control group. The 
results of the current study were consistent with a 
large body of evidence that supports the role of pre/
probiotics in combating infection[22,31,39,59], immu-
nomodulation [24,29,37,39,43] and improving the overall 
health of an individual[21]. The results of the pres-
ent work were consistent with those of Silva, M.P. 
et al. 2016, who stated that heat-killed lactobacilli 
spp. inhibited germ tube formation of C. albicans[31] 
and the inhibition of C. albicans biofilms[60]. San-
tos, Jorge et al. 2009, as well reported that probiot-
ics use significantly lowered C. albicans counts in 
the oral cavity which they attributed to competition 
between the micro-organisms rather than by stimu-
lation of a specific secretory immune response[61]. 
Ishikawa, Mayer et al. 2015 and Kraft-Bodi, 
Jørgensen et al. 2015 also reported an resolution 
of oral candidiasis when patients were treated with 
probiotics[14, 62].

TP was never reported in literature in relevance 
to DS. However, Khodavandi, Alizadeh et al. 
2011, stated that allicin’s activity against fungi 
was comparable to the frequently used antimycotic 
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agent fluconazole[42]. Bakhshi, Taheri et al. 2012, 
showed that cconsidering the efficacy of garlic and 
lack of side effects for this compound and also re-
garding the nystatin-associated complications, gar-
lic extract can be introduced as a substitution for 
standard treatment in DS[52].

Probiotics and prebiotics are believed to surpass 
conventional treatments in some aspects, as they 
act as non-specific antimicrobials and thus are very 
helpful against biofilms, immunomodulators and 
anti-oxidants with very few reported side-effects.

CONCLUSIONS

From the results of this study, it can be concluded that 
1. Lacteol fort (LF) and Tomex plus (TP) both 
were effective in reducing C. albicans counts 
and biofilm-forming ability in denture wearers. 
2. LF and TP were able to decrease the inflamma-
tory erythematous areas associated with denture 
stomatitis (DS).

Recommendation

Further studies should be carried out for the fol-
lowing:

1. The clinical evaluation of the effect of adminis-
tration of both Lacteol fort (LF) and Tomex plus 
(TP) on the oral microbiome.

2. Clinical evaluation of the possible benefits of 
probiotics and prebiotics treatments in children 
wearing prosthetic oral appliances.
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