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 Abstract 

The aim of our study was to evaluate and compare the clinical and 

microbiological efficiency of Fluoride, Xylitol and combined Fluoride - 

Xylitol toothpastes on some salivary parameters in children by measuring 

salivary pH, salivary flow rate, salivary Streptococcus mutans (S. mutans) 

and Lactobacillus counts. Toothpastes were prepared by mortar and pestle 

technique. They were then evaluated for physicochemical properties like 

pH, cleanability, physical appearance, spreadability, abrasiveness, foaming 

power, homogeneity, content of moisture and volatile substances, and drug 

content. Twenty one normal apparently healthy children were selected from 

the Outpatient Dental Clinic of Pedodontic Department, Faculty of 

Dentistry, Suez Canal University. Children were randomly divided into 

three groups: children who brushed their teeth with fluoride toothpaste, 

children who brushed their teeth with xylitol toothpaste and children who 

brushed their teeth with combined fluoride xylitol toothpaste. Salivary 

samples were obtained from all groups and examined for salivary parameter 

changes (flow rate, pH) and microbiological assessment for (S. mutans and 

Lactobacilli) was done. All data were collected, tabled and statistically 

analyzed. Statistical significance was measured using p value. Xylitol was 

superior in increasing salivary flow rate and decreasing mean of S. mutans 

when compared to fluoride while Fluoride was superior in decreasing mean 

of Lactobacilli when compared to xylitol. Both had the same effect on 

increasing salivary pH.  

 

 Keywords: Dental caries, toothpaste, Xylitol, Fluoride, Streptococcus 

mutans and lactobacillus sp. 

1. Introduction:  

Dental caries is a global public health problem that 

influences the overall health of children (Petersen 

2004). Dental plaque is formed naturally on a tooth 

surface as a biofilm that is embedded in a matrix of 

polymers of host and bacterial origin (Elamin, 

Garemo, and Gardner 2018; Jing et al. 2018). It is the 

primary etiological factor for the most frequently 

occurring oral diseases, such as dental caries and  

  

periodontal diseases. (Marsh 2006; Chałas et al. 

2015). Prevention of dental caries can be achieved 

by mechanical and chemical plaque control. (Jafer et 

al. 2016) Mechanical plaque control requires patient 

cooperation and motivation; therefore, chemical 

plaque control is used for achieving the desired 

results. Hence, it is imperative for the clinicians to 

update their knowledge in chemical antiplaque 

agents and other developments for the effective  
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management of plaque biofilm-associated diseases 

(Addy 2008; Dentino, Kassab, and Renner 2005). 

The use of toothpaste can provide a therapeutic effect 

that may have an antiplaque or anti-inflammatory 

basis when the nature of the agents is antimicrobial. 

The antiplaque activity of toothpastes is beneficial 

for chemical plaque control and thus prevention of 

dental caries (Sanz et al. 2013).  

Fluoride and Xylitol are examples of antimicrobial 

agents which have been incorporated in toothpaste 

and mouth-rinse preparations to improve the 

outcome of mechanical oral hygiene procedures 

(Lippert 2013). Fluoride has been a major factor in 

reducing the prevalence and severity of dental caries. 

Topical fluoride inhibits the demineralization of 

sound enamel and enhances the remineralization of 

demineralized enamel. It also inhibits dental caries 

by affecting the metabolic activity of cariogenic 

bacteria. However, fluoride has a dose-response 

relationship, and improper delivery of fluoride 

agents may lead to fluorosis (Lagerweij and ten Cate 

2002). It has been reported in many studies that 

fluoride alone may not be sufficient in preventing 

dental caries and it may not offer a complete 

protection against the disease and the effectiveness 

of fluoride could be enhanced when combined with 

additional cariostatic agents such as xylitol.  

There has been ongoing interest in the use of sugar 

alcohols (Polyols) to  replace traditional sugars  in 

light  of potential  health benefits  such as reduced 

carcinogenicity (Mäkinen 2010). Xylitol is a five 

carbon sugar alcohol and it was found that it is 

superior to other polyols for caries control (Van 

Loveren 2004). The anticariogenic effect of xylitol 

can be attributed to its mode of action as it cannot be 

fermented by oral bacteria. It reduces the acidogenic 

potential, increases salivary flow and inhibits 

cariogenic S. mutans (Janket et al. 2019). 

This study was conducted to evaluate and compare 

the efficiency of Fluoride, Xylitol, and Combined 

Fluoride - Xylitol toothpastes on some salivary 

parameters, S.mutans and Lactobacillus sp. counts in 

children. 

2. Materials and methods: 

2.1.Materials: 

Sodium Fluoride as well as sorbitol were purchased 

form Loba-Chemie®, India. Xylitol was imported 

form Sigma-Aldrich®, USA. Calcium carbonate and 

glycerol were purchased form Al-Gomhoria® 

Company for chemicals, Egypt. Sodium 

carboxymethyl cellulose was supplied by Merck 

Specialists® Pvt. Ltd., Worli, Mumbai, India. 

Strawberry flavor was purchased from local  

 Egyptian market (food grade). Red food dye FD&C 

Red #40 was supplied by Chromatech® Inc., Canton, 

Michigan, USA. All other chemicals were analytical 

grade.  

 

2.2. Preparation of Toothpaste: 

Toothpastes were prepared using simple mortar and 

pestle mixing method (Das et al. 2013). Calcium 

Carbonate was used as abrasive while sodium 

carboxymethyl cellulose was utilized as binder.  In 

addition to active pharmaceutical principles(s) 

(API), a blend of calcium carbonate, sorbitol, 

sodium carboxymethyl cellulose solution, glycerol, 

red color, strawberry flavor, and water used for 

obtaining optimum characteristics of toothpaste 

(Akotakar et al. 2018). Composition of toothpastes 

is listed in table 1. 

All tools were sterilized prior to utilization. Each 

solid component was grinded solely till it was very 

fine, then mixing of the solid components took place 

in a previously sterilized mortar. The liquid 

components were mixed in a beaker, then, liquid 

ingredients were added to solid components and 

mixed thoroughly in an aseptic environment. 

After mixing, toothpaste was packed in 5-ml 

syringes for preservation in a refrigerator at 2-8ºC 

before use, syringes containing the toothpaste were 

removed from refrigerator 3 hours prior to use, so 

that toothpaste was at room temperature when 

utilized. 

 

2.3. Determination of Physicochemical 

Properties of the Toothpastes 

The quality tests made for the evaluation of the 

formulated toothpastes included physicochemical 

controls as well as visual assessment. Assessments 

were done to make sure that the prepared 

formulations were compatible with the required 

standards. Each test was performed in triplicate to 

ensure statistical validation of the data. 

 

2.3.1. Determination of pH 

The method utilized for determination of pH of the 

prepared formulation was reported by Das and co-

workers with slight modification (Das et al. 2013). 

Simply, 2.5 g of the prepared formulations was 

placed in 250 mL beaker. An amount of distilled 

water equal to 80 mL was then added to the 

toothpaste sample. The contents of the beaker were 

stirred constantly for one hour to ensure complete 

homogeneity. The pH of the solution was then 

measured using a pre-calibrated pH meter.  
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2.3.2. Determination of Total Solids 

Total solids of the toothpaste are defined as the 

matter left after evaporation of all liquid substances 

(Bouassida et al. 2017). To determine total solids in 

the formulated toothpastes, a definite amount of the 

toothpaste (1 g) was placed in a petri dish. The 

sample was then heated in a hot air oven adjusted at 

110ºC for about 24 hours with frequent checking to 

make sure that the sample is not charring. Sample 

was then weighed and total solids was determined. 

 

2.3.3. Determination of Abrasiveness 

Abrasiveness of the prepared formulas was 

determined using the method reported by Das and co-

workers with light modification (Das et al. 2013). 

Definite amount of toothpaste (0.5 gm) was situated 

on a clean and new microscopic glass slide. A drop 

of particulate-free distilled water was added to the 

sample. Using a cotton swab, the sample was rubbed 

on the slide in a back-and-forth motion for 25 times 

using short 1cm stroke. The slide was, then, rinsed 

off carefully and dried with clean, soft tissue paper. 

Afterwards, the dry slide was investigated under 

microscope for the number of scratches present. The 

test was repeated three times for statistical validation 

of the results. 

 

2.3.4. Determination of Spreading Ability 

As was illustrated by many reported research papers, 

the ability of the toothpaste was determined using the 

glass slide technique (Mangilal and Ravikumar 

2016; Bouassida et al. 2017). 

A half gram of the toothpaste was placed on a square 

glass slide, each side measuring 10 cm. Another glass 

slid of the same size was situated on the sample. The 

glass slides containing the sample in-between were  

 

 carefully put under a weight of one kilogram for 10 

minutes. The weight was then removed, and the 

mean diameter of the sample was determined and 

recorded in cm. 

 

2.3.5. Determination of Cleaning Ability 

 

Eggshell was utilized in this test because of the 

similarity between it and human teeth due to 

composition of calcium compounds (King’ori 

2011). The eggs were hardboiled then placed in a 

beaker containing 200 mL of boiling water to which 

10 g of coffee, 10 g of tea, and 40 g of chocolate 

were added (Bouassida et al. 2017). After cooling 

down the hardboiled egg was placed in the staining 

mixture for 12 hrs at room temperature. Excess stain 

on the eggshell was then removed through gentle 

brushing with plain wet toothbrush till consistent 

colour was obtained. A sample of the formula (1 gm) 

was tested by brushing the stained eggshell with the 

sample for 10 complete brush strokes.  

The cleaning ability of each sample was inspected 

visually and the strength of cleaning ability was 

denoted "+++" for very powerful cleaning ability, 

"++" good cleaning ability, "+" mediocre cleaning 

ability, and "-" for bad cleaning ability (Das et al. 

2013; Bouassida et al. 2017). 

 

2.3.6. Determination of Foaming Ability 

 

In test tube, 5 mL of double distilled water was 

placed, and 0.5 g of the toothpaste formula was 

added to it. The test tube was covered appropriately 

and vortexed for 30 seconds. The height of the 

produced froth and its stability were both measured 

(Cooper and Goldenberg 1987; Resende et al. 2019). 

Foaming ability was measured using the following 

equation (Bouassida et al. 2017): 

 

 

Table 1. Composition of Toothpastes 
 

Component Function Quantities 

  NaFa Xltb NaF/Xltc 

Sodium Carboxymethyl Cellulose Binding agent 0.7 % 0.7 % 0.7 % 

Sodium Fluoride Antimicrobial Agent 0.24 % - 0.24 % 

Xylitol Antimicrobial Agent - 10 % 10 % 

Calcium carbonate  Abrasive 25 % 25 % 25 % 

Glycerin  Humectant 5 % 5 % 5 % 

Sorbitol Sweetener 4 % 4 % 4 % 

Strawberry Flavor Flavor and Freshness 0.5 % 0.5 % 0.5 % 

Red dye Appearance 0.1 % 0.1 % 0.1 % 

a Toothpaste containing sodium fluoride as sole antimicrobial agent (NaF), b toothpaste containing xylitol as sole 

antimicrobial agent (Xlt), c Ttoothpaste containing both sodium fluoride and xylitol as antimicrobial agents (NaF/Xlt). 
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Foaming Ability (%) = 

The height of the foam above the water

𝑇ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑓𝑜𝑎𝑚 𝑎𝑛𝑑 𝑤𝑎𝑡𝑒𝑟)
 × 100 

 

2.3.7. Determination of Fineness 

The degree of fineness was determined for the 

toothpaste using a previously reported method 

(Mangilal and Ravikumar 2016). Ten grams of the 

prepared formula was placed in 100 mL glass beaker. 

About 50 mL of particle-free, distilled water was 

then added to the sample and stirring took place till 

al the sample was fully dispersed in water. The 

mixture was then transferred to a 150 µm stainless 

steel sieve followed by gentle washing of the solids 

retaining on the sieve with water. The solids retained 

on the sieve were then oven-dried at 105 ºC and then 

weighed. 

The same procedure was repeated for the same 

sample using a 75 µm stainless steel sieve instead of 

150 µm one to determine the amount of degree of 

particles at another degree of fineness. 

 

2.3.8. Determination of Moisture and Volatile 

Substances 

On a clean dry glass watch, 5 g of the preparation 

under test was placed. The sample was dried in hot 

air oven at 105 ºC and weight is measured 

periodically till no more loss in weight is detected 

(Mangilal and Ravikumar 2016). 

The percentage of moisture and volatile substances 

could be calculated using the following formula: 

Moisture and volatile substances (% W/W) =
𝑊𝑙

𝑊𝑠
 ×  100 

Where, 

Wl is the weight loss on drying (g), and Ws is the 

weight of the sample (g). 

 

2.3.9. Stability Testing 

2.3.10.  

Toothpaste formulation should be stable during the 

whole period of shelf life. To determine the stability 

of toothpaste, sample is subjected to harsh conditions 

and physicochemical properties of the preparation 

was detected periodically (Bouassida et al. 2017; 

Mangilal and Ravikumar 2016). 

Toothpaste preparation was stored in its syringe pack 

at 25 ± 2ºC for a period of 30 days (Mangilal and 

Ravikumar 2016). The physical properties of 

segregation, phase separation, fermentation, and/or 

gassing for the toothpaste preparation were detected 

(Mangilal and Ravikumar 2016). Physicochemical 

properties of the sample like pH, spreading ability,  

 and foaming ability were also detected (Bouassida 

et al. 2017).  

Another sample was placed at 5ºC for one hour. The 

sample was then extruded from the syringe and 

extruding behaviour of the sample was detected 

(Mangilal and Ravikumar 2016). 

 

The protocol of the research project followed the 

guidelines of scientific committee of Suez Canal 

University, Faculty of Dentistry and has been 

approved by this committee. A brief medical and 

dental history and clinical examination were 

recorded. The procedures and steps of the study 

were fully explained to parents and informed written 

consents for treatment were obtained prior to 

clinical procedures. Adequate diagnosis and 

treatment planning were performed. Each selected 

child was subjected to full mouth treatment if 

needed till we had all the selected patients with no 

caries. 

Children were selected from those attending 

Outpatient Clinic of Pediatric and Preventive 

Dentistry and Dental Health Department, Faculty of 

Dentistry, Suez Canal University from 2018-2019. 

Children were distributed using systematic random 

sampling into 3 groups: Group Ⅰ included 7 children 

who brushed their teeth with Fluoride toothpaste, 

Group Ⅱ included 7 children who brushed their teeth 

with Xylitol toothpaste and Group Ⅲ included 7 

children who brushed their teeth with combined 

Fluoride Xylitol toothpaste. Each child brushed his 

teeth using the simple circulatory technique (Fones 

method) (Muller-Bolla and Courson 2013). 

For each child, Unstimulated saliva samples were 

collected at least 1 hour after meals (children were 

instructed not to eat or drink 1 hour before collection 

of salivary samples).The salivary samples were 

collected at 10 a.m. Children teeth were brushed 

using the given toothpaste in their respective groups 

for a period of 1 min (1 cm of each toothpaste 

contained the desired concentration) followed by 

rinsing with water (50 ml).The children were then 

asked to let saliva pool in their mouth for 2 mins. 

and the accumulated saliva was collected for 5 mins. 

into sterile, labeled saliva collecting cups. 

For each patient, 3 unstimulated salivary samples 

were collected: The first sample (Sa) was collected 

before using toothpaste, the second sample (Sb) was 

collected immediately after using toothpaste and the 

third one (Sc) was collected 30 minutes after using 

toothpaste. The toothpastes were formulated in 

Department of Pharmaceutics laboratory, Faculty of 

Pharmacy, Suez Canal University. They were 

prepared using simple mixing method. Calcium 

Carbonate was used as abrasive while sodium 
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carboxy-methyl cellulose was utilized as binder. In 

addition to active pharmaceutical principles(s) 

(API), a blend of calcium carbonate, sorbitol, sodium 

carboxy-methyl cellulose solution, glycerol, red 

color (food grade), strawberry flavor (food grade) 

and water used for obtaining optimum characteristics 

of toothpaste (Akotakar et al. 2018). 

   Fluoride toothpaste contained 0.24% 

sodium fluoride for each gram (Malhotra, Singla, and 

Shashikiran 2017). Xylitol toothpaste contained 10% 

xylitol for each gram (Shwetha and Vivek 2017) and 

Combined toothpaste contained mixture of both 

toothpastes by ratio 1:1. No preservatives were used 

so storage was carried out in refrigerator at a 

temperature ranging between 2-8ºC. The salivary 

flow rate was measured in the first and third samples. 

Children were instructed to relax for 5 minutes and 

swallow all saliva present in their mouths before 

starting saliva collection (Alkhateeb et al. 2017). 

While seated and leaning forward, they were told to 

spit all the saliva they produced into a graduated test 

tube through a glass funnel (Sawair et al. 2009). The 

unstimulated saliva collected for 5 minutes in 

graduated test tube was then measured by volume 

and expressed as milliliters per minute (ml/min) 

(Navazesh, Kumar, and University of Southern 

California School of Dentistry 2008). 

 The pH of the whole saliva was measured in 

in the three salivary samples using color coded pH 

Strips (Merck®, Germany). Bacterial counts were 

measured in the three salivary samples. The samples 

were preserved in an ice box then taken immediately 

to the laboratory of Department of Microbiology, 

Faculty of Pharmacy, Suez Canal University. Mitis 

salivarius bacitracin agar for S. mutans and Rogosa 

agar for Lactobacillus sp were previously prepared 

according to manufacturer instructions in petri dishes 

and kept in the refrigerator to be ready for use. 

Anaerobic Gas‑Pack system was kept ready just 

before the saliva samples arrived in the laboratory. 

 All procedures were done under aseptic 

conditions to avoid contamination of the samples. 

Samples from each patient were given the letters a, 

b, &c respectively (Sa, Sb and Sc).The number of 

patient was written on each of them such as (1a, 1b 

and 1c). 

        For each patient, 9 Wasserman  tubes were 

filled with 900 microliters of sterile saline solution  

using  sterile micropipette to do tenfold serial 

dilutions needed (serial dilutions of saliva were made 

up to 10-3, before plating). Three dilutions for each 

sample were done and these tubes were labeled with 

the number of patient, number of sample and the 

dilution inside it such as (1a 10-1,1a 10-2,1a 10-3).  

 

       Each petri-plate was divided into 4 sectors using 

a marker, three sectors for the three dilutions and the 

forth one for the original sample. 10 µl from the 

original sample was spread evenly on the 1st sector 

of the petri-plate, 10 µl from the 1st dilution on the 

2nd sector, 10 µl from the 2nd dilution on the 3rd 

sector, 10 µl from the 3rd dilution on the last one. 

This was repeated for all samples for all patients. 

      The plates were sealed, placed in an anaerobic 

jar with Gas Pack system (Thermo scientific®, USA) 

and incubated at 37oC for 48 hours. Colony counting 

was done under a colony counter and the number of 

CFU were multiplied by the number of times the 

original mL of sample was diluted (the dilution 

factor of the plate counted) and expressed as the 

number of colony forming units per milliliter 

(CFU/mL) of saliva (Hegde and Kamath 2017). 

           CFU /ml = (no. of colonies x dilution factor) 

/ inoculum size 

       After taking the needed amounts from saliva 

samples for bacteriological measurements, pH strips 

were inserted in the samples to measure salivary pH. 

Data were collected, compared then statistically 

analyzed. Numerical data were explored for 

normality by checking the distribution of data and 

using tests of normality (Kolmogorov-Smirnov and 

Shapiro-Wilk tests).  

 

3. Results: 
 

3.1.Physical characteristics of the prepared 

formula 

It was clearly demonstrated by figure 1 that the 

visual properties of the prepared toothpaste were 

accepted for use by children. The visual inspection 

of the prepared formula revealed many 

characteristics that are listed in table 2. 

 

Table 2. Physical Characteristics of Toothpaste. 

 

Item Value 
Color Red 
Odor Strawberry 
Flavor Strawberry 
Taste Sweet 
Smoothness Smooth 
Homogeneity Homogenous 
Elegancy Aesthetic Appearance 

 

3.2.Physicochemical Characteristics of The 

Prepared Toothpastes: 

Physicochemical characteristics of the toothpastes  
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were listed in table 3. It was clearly illustrated that 

the pH of the prepared formulations was around 7.5 

which is very slightly alkaline. Number of scratches 

in abrasiveness test showed the toothpaste to be not 

harmful on the enamel and dentin of the patients due 

to its particles being well pulverized and ground to a 

very fine degree. The toothpaste was shown to have 

a very good cleaning ability with minimum degree of 

foaming as compared to many commercial products 

from many countries (Cooper and Goldenberg 1987; 

Mangilal and Ravikumar 2016; Bouassida et al. 

2017; Resende et al. 2019).  

In general, the prepared toothpaste formulations 

were shown to be accepted for use by children and to 

be useful with no harm on their teeth. 

 

3.3.Stability of preparations 

Stability testing results were shown in table 4. As it 

was clearly illustrated that inspection of the 

formulations after 30 days of storage at 25ºC and 

 5ºC revealed no segregation of particles, no phase 

separation of the solid and liquid phases, and no 

fermentation or gassing happened. This indicates 

that formulations were prepared under sanitary 

conditions which prevented contamination of the 

formulation. Also, particles were thoroughly and 

perfectly mixed with liquid phases; and the liquid 

phase was chosen very carefully so that no 

segregation or phase separation took place.  

Regarding physicochemical measurement after 

storage for 30 days at room temperature and in 

refrigerator, it was demonstrated clearly that after 30 

days, values of physicochemical parameters showed 

very slight change that was not statistically different 

from the immediately measured values. This 

illustrates the high stability of the prepared 

toothpaste formulations. 

Storage at 25ºC and 5ºC showed that temperature 

had minimal effect on the stability of the prepared 

formulations, if any. 

 

 

               Table 3. Physicochemical Characteristics of Toothpaste. 

 

                Table 4. Physicochemical Characteristics of Toothpaste immediately  

                               after preparation and after 30 days of preparation. 
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In comparison of salivary flow rate between the three 

groups, as shown in figure 1, there was non-

significant increase in flow rate when comparing 

group I with group II and group III before using  

 toothpaste (P=0.153). However, when comparing 

the 3 groups after 30 mins. from using toothpaste, 

there was a  significant increase in flow rate 

(significant for xylitol)  (P=0.04) 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             

 

                            Figure 1. Salivary flow rates mean before and 30 mins. after toothpaste  

                                            use in  the three study groups 
 

 

 

 

 

 

 

 

 

 

 

 Figure 2. Salivary pH mean changes in the three study groups. 
 

Figure 2 showed that upon comparing salivary  pH in 

the three groups, there was non-significant increase 

when comparing  group I with group II  and group III 

before using toothpaste (P=0.185), immediately after 

using toothpaste (P=0.108) and 30 mins. after using 

toothpaste  (P=0.429). In comparison of S. mutans 

count between the 3 groups, there was non-

significant difference between them before using 

toothpaste (P=0.8933). However, when comparing 

the 3 groups immediately after using toothpaste,   

 there was a highly significant decrease towards 

group III from 153.31x103 CFU in group I to 

79.71x103 CFU in group III (P=0.0005) .Moreover, 

when comparing the 3 groups after 30 mins. from 

using toothpaste, there was a highly significant 

decrease in the bacterial count towards group III 

from 147.93x103 CFU in group I to 41.08x103 CFU 

in group III (P=0.000). This was clearly illustrated 

by figure 3. Figure 4 illustrated that when comparing 

the Lactobacillus sp. count in the three groups, 
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there was no significant difference between them 

before using toothpaste (P=0.7910). However, when 

comparing the three groups immediately after using 

toothpaste, the bacterial count in group III was 

860.71x103 CFU which was highly significantly 

decreased when compared to group I and group II  

 (P=0.0028) and when comparing the three groups 

after 30 mins. from using toothpaste, the bacterial 

count in group III was 553.57x103 CFU which was 

highly significantly decreased when compared to 

group I and group II (P=0.000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

                Figure 3. Streptococcus mutans mean count in the three study groups 
 

 

 

 

 

 

 

 

 

 

 

          

                   Figure 4. Lactobacillus sp. mean count in the three study groups 

4. Discussion: 

A total of 21 apparently healthy children with the age 

group of 3-6 years of both sexes were selected from 

Outpatient Dental Clinic of Pedodontic Department, 

Faculty of Dentistry, Suez Canal University 

according to inclusion and exclusion criteria. This  

 age was selected due to high susceptibility to dental 

caries. The circular brushing technique (Fones 

technique) was used for each patient for easy 

removal of dental plaque. This was in agreement 

with Simratvir et al, 2009 (Simratvir et al. 2009) and 

Chandan  et al, 2018 (Chandan et al. 2018) who 

selected the same age group in their studies. All  
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children were examined clinically for detection of 

any carious lesions and they had received full mouth 

treatment before starting the procedures to have no 

external factors that may affect the accuracy of the 

results (Sabri et al. 2020). Toothpastes were used 

because they are important means of chemical plaque 

control (Hosadurga et al. 2018). Fluoride was used in 

this study in accordance to Arnold et al, 2006 

(Arnold et al. 2006) and da Camara et al, 2014 (da 

Camara et al. 2014) who have conducted their studies 

on fluoride toothpaste. Fluoride has an important role 

in prevention of dental caries, it is beneficial to all 

age groups throughout their life. Xylitol toothpaste 

was used in this study due to its benefits in the dental 

field. The AAPD recognized that there is 

considerable research on sugar substitutes, 

particularly xylitol, and their potential oral health 

benefits for infants, children and adolescents (Fraga, 

Mayer, and Rodrigues 2010). Chi and co-workers 

conducted their study on xylitol toothpaste for 

prevention of ECC and reported that xylitol cannot 

be fermented by most bacteria in the oral cavity (Chi, 

Tut, and Milgrom 2014). 

A combination of fluoride and xylitol toothpaste was 

used to assess the benefits of them together as it was 

found in some studies that fluoride by itself is not a 

potent antimicrobial agent and there is a need to add 

some chemical agents to it so as to improve its effect 

such as xylitol as recommended by some guidelines 

for prevention of dental caries especially in high 

caries risk individuals (Pinar Erdem et al. 2012). The 

whole unstimulated saliva was collected from all 

children as it is noninvasive technique and easy 

performed particularly in pediatric populations 

(Bhattarai, Kim, and Chae 2018). This was in 

agreement with Wu et al (Wu et al. 2008) and 

Kuriakose et al, 2013 (Kuriakose et al. 2013) as they 

measured unstimulated saliva in their studies. In 

salivary diagnostics, unstimulated saliva is often 

preferred to the stimulated whole saliva, since the 

latter contains only a diluted concentration of 

biomarkers that may be difficult to detect (K and K 

2021). 

Salivary samples were collected in the early morning 

to avoid diurnal variations from participants and to 

minimize circadian rhythm effects (Flink, Tegelberg, 

and Lagerlöf 2005). They were collected and 

preserved in an ice box to maintain their stability 

(Esser et al. 2008) then immediately transferred to 

the laboratory of microbiology, Faculty of 

Pharmacy, Suez Canal University to avoid any 

changes in the components of salivary samples (Den 

et al. 2007). Salivary flow rate was measured as it 

helps in lubrication & reducing incidence of dental  

 caries. It is a good indicator for salivary functions 

and salivary diseases which may increase the risk for 

caries development (Alves et al. 2010). 

Salivary pH was also measured as it is an important 

salivary diagnostic biomarker. It can be considered 

as an indicator for caries risk. Demineralization and 

remineralization processes of the teeth, occurring in 

the oral cavity are dependent on the pH of the saliva. 

The saliva is rich in calcium and phosphates and is 

nearly always supersaturated with respect to enamel 

minerals and other biological appetites. The alkaline 

pH of the saliva neutralizes the acid produced by the 

plaque bacteria. The more basic is the pH of the 

saliva more is the remineralization of tooth surface 

by the precipitation of bicarbonate ions (Baliga, 

Muglikar, and Kale 2013). 

In this study, there was no statistically significant 

difference in the mean salivary flow rate between 

the three groups at baseline. There was a significant 

increase in salivary flow rate in group Ⅰ after 30 min 

from using fluoride toothpaste in comparison to 

baseline measurement. This was in agreement with 

Ingle and co-workers (Ingle et al. 2014) who 

measured salivary fluoride levels after tooth 

brushing with dentifrices containing different 

concentrations of fluoride in children. Saliva 

samples were collected prior to brushing, 

immediately after brushing, and at intervals of 15, 

30, and 60 min. salivary flow rate increased 

significantly after 15 and 30 min but after 60 min it 

was none significantly increased. This may be due 

to increased fluoride concentration in saliva after 

using fluoride toothpaste which has an 

anticariogenic effect. This agrees with Campus et al, 

(Campus, Lallai, and Carboni 2003).who concluded 

that the fluoride concentration in saliva could be 

maintained to an optimal therapeutic level with the 

regular use of fluoridated products. 

Xylitol toothpaste highly significantly increased 

salivary flow rate after 30 mins. from using it when 

compared to baseline measurement. This was in 

agreement with Pancu and co-workers (Pancu et al. 

2017) who conducted a study on xylitol-based oral 

hygiene products (toothpastes, mouthwashes  and 

chewing gums) to evaluate their effect on salivary 

parameters and there was a significant increase in 

salivary flow rate after three weeks of xylitol-based 

products consuming. 

Moreover, there was a highly significant increase in 

salivary flow rate after 30 mins. from using the 

combined fluoride xylitol toothpaste when 

compared to xylitol treated group and fluoride 

treated group. This increase may be attributed to 

xylitol as it may decrease lactic acid production,  
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increase salivary flow potentially leading to an 

increased buffering of acids in plaque (Hayes 2001). 

These results concluded that there is no strong 

synergistic effect of fluoride with xylitol on salivary 

flow rate. 

The results proved that there was a highly significant 

increase in salivary pH in the fluoride group 

immediately after using toothpaste when compared 

to pH at baseline in the same group. This may be due 

to increased concentration of fluoride in dental 

biofilm immediately after using fluoride dentifrice 

(Souza, Maltz, and Hashizume 2014). Then pH 

decreased significantly after 30 mins. from using 

toothpaste when compared to the immediate salivary 

pH. It was in agreement with Advani and co-workers 

(Advani et al. 2014) who evaluated the effect of 

different pediatric fluoride dentifrices on artificial 

carious lesions in primary teeth and they found that 

there was increase in salivary PH with using fluoride 

dentifrices. The decrease in salivary pH after 30 

mins. from using fluoride toothpaste may be due to 

decreased fluoride retention in the oral cavity. 

Sotthipoka et al., (Sotthipoka et al. 2018) studied the 

effects of toothpaste amounts and post-brushing 

rinsing methods on salivary fluoride retention. They 

stated that fluoride concentration increased from the 

baseline to the highest concentration at time 0 

(immediately) then dramatically decreased within 10 

min. 

There was a highly significant increase in salivary 

pH immediately after using xylitol toothpaste then 

pH decreased significantly after 30 mins. from using 

toothpaste when compared to the immediate salivary 

pH in the same group. This agrees with a previously 

reported researches (Muralikrishnan, Asokan, and 

Priya 2018). The xylitol mode of action includes 

absence of significant degradation into acidic end-

products by dental plaque, stimulation of salivary 

flow and increased buffering capacity, inhibition of 

plaque accumulation and of cariogenic bacteria (da 

Camara et al. 2014). This could explain the 

immediate increase in salivary pH after using xylitol 

toothpaste. 

Also, there was a highly significant increase in 

salivary pH in the combined fluoride xylitol group 

immediately after using toothpaste then decreased 

significantly after 30 mins. from using toothpaste 

when compared to the immediate salivary pH in the 

same group. This means that adding xylitol to 

fluoride does not have a strong synergistic effect on 

salivary pH. The results of the current study revealed 

that there was a highly significant decrease in the 

mean of S. mutans count immediately after using 

fluoride toothpaste when compared to the baseline  

 

 count then the bacterial count none significantly 

decreased after 30 mins. from using toothpaste when 

compared to the immediate count. 

The decrease in S. mutans count with fluoride 

toothpaste may be due to the mode of action of 

fluoride as it helps in inhibition of ATPase 

production causing intracellular cytoplasmic 

acidification via the inhibition of proton outflux 

from the bacterial cell. This leads to inhibition of 

acid production and limit the pH drop within 

bacterial biofilms (Fraga, Mayer, and Rodrigues 

2010). It was proven that NaF significantly 

decreased bacterial counts immediately and after 30 

mins. when compared to baseline but after 120 

mins., the bacterial count returned to baseline so 

they concluded that NaF products showed a short 

term increase in fluoride bioavailability with 

significant decreases in the bacterial viability of 

different oral surfaces (Chi, Tut, and Milgrom 

2014). 

There was a highly significant decrease in S.mutans 

count immediately in the xylitol group when 

compared to baseline. After 30 mins. from using 

xylitol toothpaste, the bacterial count continued to 

decrease significantly when compared to baseline 

and the immediate count after using xylitol 

toothpaste. This was in agreement with Pinar Erdem 

et al.  who have  conducted a study to assess the 

effects of xylitol mouth rinse on S.mutans  counts 

and found significant reductions in the scores of S. 

mutans after the four week use of xylitol mouth rinse 

(Pinar Erdem et al. 2012). The significant reduction 

in the S. mutans count after 30 mins. from using 

xylitol toothpaste may be an indicator of the long-

term antibacterial effect of xylitol (Bhattarai, Kim, 

and Chae 2018). The antibacterial effect of xylitol 

was explained in many studies as it disrupts the 

energy production processes of S. mutans leading to 

a futile energy consumption cycle and cell death 

(Wu et al. 2008). 

Also, there was a highly significant decrease in S. 

mutans count in group Ⅲ immediately after using 

the combined fluoride xylitol toothpaste when 

compared to baseline then continued to decrease 

significantly after 30 mins. from using toothpaste 

when compared to baseline and the immediate 

count. It was previously reported that the combined 

fluoride xylitol toothpaste had influence on the 

decrease of the number of S. mutans in saliva and 

the increase of pH value. They concluded that when 

xylitol added to the toothpastes, it has a positive 

influence on the quality of the oral environment 

(Kuriakose et al. 2013). 

There was a highly significant decrease in the mean  
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count of Lactobacilli immediately after using 

fluoride toothpaste when compared to baseline in the 

same group then the bacterial count continued to 

decrease none significantly after 30 mins. from using 

fluoride toothpaste when compared to the immediate 

count. Upon studying the effects of fluoridated 

dentifrice and oral health program on the oral health 

status of visually impaired children. The Lactobacilli 

counts were assessed at baseline, immediately after 

treatment and at 3,6 and 12 months intervals and they 

found that at the end of 3, 6, 12 months there was a 

significant decrease in fluoridated group as 

compared to the non-fluoridated (Kumar et al. 2012). 

On the other hand, Akihiro Yoshihara and co-

workers studied  the long term use of fluoride mouth 

rinse on the salivary levels of S. mutans and 

Lactobacilli and suggested that fluoride mouth rinse 

did not affect the levels of Lactobacilli (Yoshihara et 

al. 2001). 

There was a highly significant decrease in the 

Lactobacilli count immediately after using xylitol 

toothpaste when compared to baseline then the 

bacterial count none significantly decreased after 30 

mins. from using the toothpaste when compared to 

the immediate count. This disagrees with other 

reported researches who concluded in their studies 

that xylitol had no significant effect on Lactobacilli 

counts (Caglar et al. 2007; Oza et al. 2018). The 

significant decrease in the Lactobacilli count in this 

study may be explained as xylitol induces elevation 

of the oral pH and thus may have an indirect effect 

on Lactobacilli as was illustrated by Mäkinen et al 

who studied the effects of xylitol on salivary and 

plaque levels of  S.mutans  and the salivary levels of 

aerobically cultured aciduric bacteria (mostly 

representing Lactobacilli) and they found that there 

was statistically significant reduction in the scores of 

both microorganisms and concluded that long term 

use of xylitol containing chewing gum can reduce the 

growth of S.mutans and Lactobacilli-type bacteria in 

saliva (Mäkinen et al. 2008). 

There was also a highly significant decrease in the 

mean count of Lactobacilli immediately after using 

the combined fluoride xylitol toothpaste when 

compared to baseline then the bacterial count 

significantly decreased after 30 mins. from using the 

toothpaste when compared to baseline and the 

immediate count. This was in agreement with 

HrvojeJurić et al who found that the paste containing 

fluoride and xylitol had the greatest antibacterial 

effect against Lactobacilli (Juri and Ukovi 2011). 

 

5. Conclusion: 

 

 In this study, it was concluded that xylitol stimulates 

salivary flow rate more than fluoride and it has a 

superior antibacterial effect against salivary 

S.mutans when compared to fluoride. Xylitol and 

fluoride have the same effect on salivary pH. 

Fluoride has a superior effect against salivary 

Lactobacilli when compared to xylitol. Using a 

combination of fluoride and xylitol provides a 

synergistic antibacterial effect against salivary S. 

mutans and Lactobacillus sp. combined fluoride and 

xylitol products are promising agents for prevention 

of dental caries in children. 
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