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Abstract 

Oral infections like dental caries are major public health issues globally. Management of 

these conditions include methods like brushing, tongue cleaning and dental flossing with or 

without the use of antibiotics. A major challenge with these management approaches is the 

difficulty to obtain complete eradication of the disease-causing organisms. An alternative 

approach is the use of probiotics, which can be administered in oro-dispersible films (ODFs), 

and which have prolonged activity in the mouth. ODFs made of xylitol and containing 

Streptococcus salivarius were formulated using inkjet printing and tested against 

Streptococcus mutans – a causative organism of dental caries. The testing of the prepared 

ODFs involved co-incubating ink-jetted formulation of S. salivarius and xylitol with S. 

mutans and monitoring the microbial growth kinetics in real-time using isothermal 

microcalorimetry and colony plate counts. Cell-free supernatants (CFS) of S. salivarius were 

also tested against S. mutans. Prior to the formulation the phosphate solubilisation potential 

of S. salivarius was determined and found to be negative, a sign that the species will not 

deplete phosphate from teeth. From the tests, it was observed that the formulation reduced S. 

mutans population from 7.9 to 5.04-Log CFU/mL post-calorimetry (approximately 3-Log 

reduction) which was comparable to the 99.9% reduction expected during antimicrobial 

activity testing. A gradual decrease in S. mutans population was also observed with 

increasing of S. salivarius CFS volumes indicative of pathogen suppression. This study 

demonstrates that S. salivarius can be useful in managing dental caries and ODFs of S. 

salivarius can be formulated easily using ink-jetting for such management. 

 

 

Keywords: oro-dispersible films, inkjet printing, probiotics, dental caries, isothermal 

microcalorimetry 
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1 Introduction 

Infections and diseases of the oral cavity usually occur due to changes in the resident oral 

microbiota. A balance between the beneficial and pathogenic bacteria determines the oral 

health of an individual. Dental caries and periodontal diseases are globally considered the 

two most important oral health problems (Caglar et al., 2005, Bizzini et al., 2012, Ladewig et 

al., 2018, Lin et al., 2017). The impact of these on individuals is significant; the pain and 

impairment of function accompanying dental caries and periodontal disease is considerable 

(Bizzini et al., 2012, Hujoel et al., 2018, Gaurilcikaite et al., 2017).  

 

Methods of treatment include mechanical removal via brushing, tongue cleaning and dental 

flossing of the bacteria/plaque with or without antibiotics (Yao and Fine, 2014, Dommisch et 

al., 2018). However, it is difficult to achieve complete eradication with most of these 

organisms repopulating quickly and recolonising the oral surfaces once antimicrobial use is 

stopped. These agents also stay in the mouth at effective doses only for a short period 

(minutes) and are mainly below minimum inhibitory levels for prolonged periods (hours) 

(Cagetti et al., 2013, Marsh, 2003, Burton et al., 2005, Heinemann et al., 2013).  

 

An ecological approach to treatment has been proposed involving the administration of non-

virulent bacteria (i.e. probiotics) to prevent recolonisation of these pathogenic species after 

antimicrobial therapy. These can also be adopted for use after rinsing with oral antiseptics, 

such as chlorhexidine. Treating oral infections by reducing the pathogenic bacterial 

population and facilitating a favourable environment that allows teeth remineralisation has 

been suggested to halt disease progression (Bizzini et al., 2012, Dhawan and Dhawan, 2013, 

Wescombe et al., 2012, Tagg and Dierksen, 2003). Some commercial products that have 

probiotics incorporated for promoting oral health include ProBiora3, PerioBalance , 

KForce Breath Guard mouthwash and lozenges, and various probiotic forms of BLIS K12 

(Yao and Fine, 2014, Bizzini et al., 2012, Tagg and Dierksen, 2003). 

 

Consumer interest in the possible preventative and health maintenance benefits of oral 

probiotics, as well as research into oral health claims have led to an increased interest in the 

use of probiotics in oral health (Bowen, 2012, Marsh, 2003, Chugh et al., 2020, Tester and 

Al-Ghazzewi, 2018). A few organisms have been used experimentally in oral probiotics 
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evaluations. Chewing gums made with strains of Lactobacillus reuteri ATCC 55730/ATCC 

PTA 5289 have been shown to reduce levels of Streptococcus mutans significantly (Caglar et 

al., 2009). Lactobacillus rhamnosus GG and Streptococcus salivarius K12 are also 

commonly used in oral probiotic formulations (Meurman, 2005, Caglar et al., 2005). An ideal 

approach in the treatment of oral diseases would be the ability to deliver or apply a 

formulation directly into the mouth that stays in there for an extended period. Oro-dispersible 

films (ODFs) are a delivery mechanism that can be used to achieve this. ODFs involve a cost-

effective manufacturing process and are easy to use as a dosage form. It is an innovative way 

of personalising medicines extemporaneously for both local and systemic delivery (Krampe 

et al., 2016, Preis et al., 2013, Buanz et al., 2015, Heinemann et al., 2013). Solvent casting 

and hot melt extrusion (HME) are formulation approaches generally adopted; both require the 

drug to be mixed into the polymer matrix. The very high temperature that accompanies HME 

and the use of organic solvents in solvent casting are major drawbacks with these techniques 

(Scarpa et al., 2017, Maniruzzaman et al., 2012, Krampe et al., 2016).  

 

The possibility of formulating probiotic oral films using inkjet printing for the treatment of 

oral infections was therefore explored. Probiotic ODFs were formulated using S. salivarius 

and xylitol combination to help in the management of dental caries caused by S. mutans. 

We have previously used the inkjet printer to personalise warfarin doses as well as print 

combination formulations of triiodothyronine and thyroxine for hypothyroidism (Vuddanda 

et al., 2018, Alomari et al., 2018).  

 

Ink-jetting is a non-contact technique that offers advantages like high throughput and high 

reproducibility (Wilson and Boland, 2003, Lemmo et al., 1998, Alper, 2004). A modified 

Hewlett-Packard printer (HP 5940 Deskjet) was used in this work for formulation (Dodoo et 

al., 2019a, Alomari et al., 2018).  

 

 

2 Materials and Methods 

2.1 Growth media and reagents used 

Columbia blood agar, MRS (de Man, Rogosa, and Sharpe) agar, nutrient agar, cooked meat 

medium, anaerobe basal broth, defibrinated horse blood, and mitis salivarius agar were 
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obtained from Oxoid, UK. Phosphate-buffered saline tablets, ¼ Ringer’s solution tablets, and 

glycerol were purchased from Fisher Scientific, UK. Trehalose, xylitol, and glucose were 

from Sigma-Aldrich, UK. Bacitracin was from the Wellcome Trust, UK. 

 

2.2 Organisms 

The microorganisms used were Streptococcus salivarius NCTC 8618 and Streptococcus 

mutans NCTC 10449. These were obtained as a gift from UCL Eastman Dental Institute, 

London. 

 

2.3 Culture stock preparation 

Culture stock preparation and storage was done using a method as described by Said et al., 

(2014). S. salivarius and S. mutans were grown on Columbia blood agar supplemented with 

5% defibrinated horse blood (CBAhb) and incubated under anaerobic conditions for 48 hours 

at 37 C.  A colony was taken and used to inoculate 7 mL of anaerobe basal broth 

supplemented with 5% horse blood to create a starter culture and incubated for 24 hours. 99 

mL of fresh anaerobe basal broth supplemented with 5% horse blood was inoculated with 1 

mL of the starter culture to create a 1:100 dilution and this was incubated for 24 hours. The 

culture was then mixed using a magnetic stirrer to ensure homogeneity and dispensed into 

falcon tubes. Centrifugation and washing of the cells were then done as reported previously.  

The cells were resuspended in ¼ Ringer’s solution supplemented with 15% v/v glycerol. 1.8 

mL of the culture was rapidly dispensed aseptically into 2 mL cryovials (Nunc). Sealed vials 

were immersed gently into liquid nitrogen for 10 minutes after which the frozen vials were 

stored in a freezer at – 80 C. Post-freezing enumeration was 106 CFU/mL for both species. 

2.4 Determination of optimum concentration of xylitol against S. mutans 

A stock solution (10% w/v) of xylitol in water was prepared. Different volumes were added to 

cooked meat medium supplemented with 2% w/v glucose (CMMg) to give final xylitol 

concentrations of (0.1, 0.5, 1, 5% w/v) in sterile 3 mL calorimetric glass ampoules. Thawed 

cultures of S. salivarius and S. mutans were then inoculated separately at 30 µL of 106 
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CFU/mL into the ampoules. The ampoules were sealed with crimped caps and vortexed for 

10 seconds. Calorimetric readings were taken afterwards. 

 

Based on the results, 0.5% xylitol solution was chosen as the optimum xylitol concentration 

that inhibited S. mutans but was tolerated by S. salivarius. 0.5% xylitol was also chosen since 

higher xylitol concentrations like 1% affected the cartridge performance and ability of the 

cartridges to be reused due to nozzle clogging. The amount of xylitol that had to be ink-jetted 

onto acetate paper to give a concentration equivalent to 0.5% xylitol solution in a 3 ml 

ampoule was determined. A calibration curve for xylitol between 0.5 mg/mL and 30 mg/mL 

was obtained using HPLC. A stock solution of xylitol (0.5 g/mL) was prepared and used to 

deposit templates of varying dimensions onto acetate paper. The print-outs were then 

carefully cut and immersed in 1 mL deionised water to dissolve the xylitol. The xylitol 

solution was vortexed to ensure complete dissolution after which HPLC analysis for xylitol 

as described in the United States Pharmacopoeia (2012) was conducted. 

 

The liquid chromatographic system used was Agilent Technologies 1200 series with a 

quaternary pump and degasser. The column used was a Phenomenex SCX column (250 mm x 

4.60 mm, 5 µm). The mobile phase consisted of water: acetonitrile mixture (80:20) with a 

flow rate of 0.5 ml/min. A column temperature of 80 ⁰C and wavelength of 192 nm were used 

for detection. Each assay was run for 10 mins. 

 

2.5 Phosphate ion solubilisation assay  

Phosphate ion solubilisation was assessed using in-house prepared Pikovskaya agar plates.  

The composition of the prepared Pikovskaya agar is indicated in Table 1. A 10 µL aliquot of 

exponentially grown culture was spot-inoculated on plates and incubated at 37 °C for 14 

days. S. salivarius was tested and S. mutans used as a positive control.  
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Table 1: Pikovskaya medium composition in 1L 

Ingredient Quantity (g) 

Glucose 10 

Tricalcium Phosphate 5 

Ammonium sulphate 0.5  

Yeast extract 0.5 

Sodium chloride 0.2 

Potassium chloride 0.2 

Magnesium sulphate heptahydrate 0.1 

Manganese sulphate monohydrate 0.002 

Ferrous sulphate heptahydrate 0.002 

Agar 20 

 

2.6 Evaluating antibacterial properties of S. salivarius and xylitol formulation 

The antibacterial property of the probiotic formulation was investigated against S. mutans 

using calorimetry with CMMg used as the growth medium. Frozen S. salivarius cells were 

thawed in a water bath at 40 C for 3 minutes. 3 vials (each with a population of 106 

CFU/mL) were concentrated together to give 107 CFU/mL. A power-time curve of S. mutans 

(104 CFU/mL) co-incubated with ink-jetted S. salivarius (2 cm x 15 cm) and xylitol (2 cm x 

16 cm) formulation was obtained. Post-calorimetry plating was conducted after 24 h using 

mitis salivarius agar and mitis salivarius agar supplemented with 15% sucrose and 0.2 i.u of 

bacitracin per mL to differentiate between the two streptococci. As a reference, pure cultures 

of both species were streaked onto plates containing both media.  

 

A cell-free supernatant (CFS) of S. salivarius was obtained and used in the antibacterial 

evaluation. CFS was obtained by incubating ink-jetted S. salivarius in CMMg for 5 days. 

This was then centrifuged at 9500 rpm and 4 ⁰C for 10 mins. The supernatant was then 

decanted and filtered using 0.22 µm diameter filters to obtain the CFS. Varying volumes of 

the CFS were added to ampoules containing CMMg inoculated with S. mutans and the 

calorimeter used to monitor growth. 
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3 Results 

3.1 Determination of optimum concentration of xylitol against S. mutans 

Data from isothermal calorimetry are usually represented as a plot of power against time. The 

power signal, in this instance, arises due to metabolic heat in which is directly proportional to 

the bacterial population in the system (Braissant et al., 2010). The area under the curve 

(AUC) hence represents heat energy (Joules) and gives an indication of the number of 

organisms in the system (Braissant et al., 2013, Kabanova et al., 2009).  

 

The effect of varying xylitol concentration on growth and metabolism of S. salivarius and S. 

mutans are shown in Figure 1.  

 

 

Figure 1: Effect of varying xylitol concentrations on S. salivarius growth (A) and S. mutans 

growth (B) 

 

The AUCs which give an indication of the cumulative heat output are represented in Figure 

2. It was observed that increasing xylitol concentrations to 1% did not have any significant 

impact on S. salivarius metabolism. Peaks of similar characteristics were obtained for the 

concentrations used except 5% xylitol. A different scenario was observed for S. mutans, 

xylitol concentration as low 0.1% was enough to result in delayed metabolism, a 

concentration of 0.5% resulted in a very delayed onset of metabolism.  
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Figure 2: Cumulative heat output after 24 h representative of total AUC for S. salivarius and S. mutans under 
varying xylitol concentrations. 

 

A calibration curve was obtained for xylitol in the range 0.5 to 32 mg/ml using HPLC, Figure 

3.  Varying template dimensions as indicated in Table 2 were used to deposit the xylitol 

concentrations. These dimensions were chosen since the amount of liquid deposited with these 

dimensions maintained the integrity of the substrate with no breaks the substrate. After 

obtaining the AUCs as indicated in Table 2, the AUC that was similar to that of 15 mg/mL as 

computed in Equation 1 was determined. It was observed that 2 cm x 16 cm was the dimension 

with AUC (2830.20  16.46) closest to 2369.70 representing 15 mg/ml. Hence, this dimension 

was used to deposit xylitol solution for co-incubation with S. mutans in the calorimeter.  
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Figure 3: Calibration curve for xylitol in the range 0.5 to 32 mg/ml 

 

Table 2: Varying template dimensions used for ink-jetting xylitol and corresponding AUC (n=3) 

Template Dimension (cm x cm) AUC  

1 x 1 149.10  19.98 

1 x 2 277.00  29.09 

1 x 4 434.87  20.46 

1 x 8 802.13  2.42 

1 x 16 1540.40   14.68 

2 x 1 275.20  7.88 

2 x 2 495.00    12.13 

2 x 4 820.83    17.29 
 

2 x 8 1574.60    41.58 

2 x 16 2830.20  16.46 

 

 Equation 1: Expected AUC using calibration curve equation 

𝑦 = 157.98𝑥 

𝑤ℎ𝑒𝑛 𝑥 = 15 

𝑦 = 2369.7 

y = 157.98x
R² = 0.9909
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A signal similar to 0.5% xylitol concentration was obtained when the ink-jetted xylitol was co-

incubated with S. mutans (Figure 4). The AUC obtained for S. mutans in the presence of the 

ink-jetted xylitol (11.48  0.78) was higher than in the presence of 0.5% xylitol (9.01    1.15). 

Considering that the ink-jetted xylitol had slightly more than 0.5% xylitol, it was expected to 

produce greater inhibition with a more delayed onset of S. mutans growth or slightly reduced 

peak intensity. 

 

 

 

Figure 4: A Power-Time plot comparing metabolism of S. mutans in the presence of 0.5 % xylitol and ink-jetted 
equivalent. 

3.2 Phosphate solubilisation assay  

After incubating organisms on Pikovskaya agar plates under anaerobic conditions for 14 

days, a phosphate-solubilising organism presents a halo/clear zone with a diameter of at least 

10 mm around the site of the inoculum (Goteti et al., 2014). This was observed for S. mutans 

with a halo of diameter 16 mm around the site of the inoculum whilst S. salivarius had a halo 

with diameter less than 2 mm (Figure 5).  
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Figure 5: Images after incubating S. salivarius (A) and S. mutans (B) on pikovskaya agar with 

S. mutans having a halo with a diameter of 16 mm around the site of the inoculum 

 

 

3.3 Antibacterial properties of S. salivarius and xylitol formulation  

To evaluate the usefulness of the probiotic formulation – ODFs composed of ink-jetted S. 

salivarius and xylitol – in treating dental caries, it was co-incubated with S. mutans. The 

Power-Time plot (Figure 6A) showed that the signal obtained after co-incubating ODF had a 

relatively delayed onset and intensity in comparison to S. mutans and ink-jetted S. salivarius. 

Plate counting post-calorimetry (Figure 6B) revealed a drop in S. mutans population. 
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Figure 6: A) A Power-Time plot of S. mutans (control), ink-jetted (IJP) S. salivarius, and co-

incubation of probiotic oro-dispersible film (ODF) and S. mutans.  

B) Colony plate counts of S. mutans control and S. mutans after co-incubating with probiotic 

ODF 

 

To evaluate further antibacterial properties, varying amounts of cell-free supernatant (CFS) 

from S. salivarius were incubated with S. mutans. A Power-Time plot (Figure 7A) showed a 

reduction in peak intensity with increasing amounts of CFS. This highlighted a reduction in 

the metabolism of S. mutans in the presence CFS from S. salivarius. It must be noted that 

increasing the volume of CFS did not reduce the amount of growth medium available. The 

growth medium used here (cooked meat medium) unlike other media, does not dissolve when 

formulated.  Hence, the same quantity of meat pellets was weighed into each ampoule for 

tests to ensure equal nutrient availability.  

 

Plate counts when conducted at 11 hours, representative of highest signal intensity and 

metabolic activity is showed in Figure 7B. A gradual decrease in S. mutans population was 

observed with increasing CFS volume. 
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Figure 7: A) A Power-Time plot of S. mutans in varying amounts of S. salivarius cell-free 

supernatant  B) Enumeration of S. mutans population at the highest signal intensity. 

 

 

 

4 Discussion 

Isothermal microcalorimetry was used to evaluate microbial growth kinetics. This provides 

real-time information and has been previously used in evaluating antibacterial activity of a 

number of agents (Dodoo et al., 2019b, Said et al., 2014, Fredua-Agyeman et al., 2017).   

Based on these results obtained in Figures 1 and 2, investigations were carried out to print an 

amount of xylitol onto a substrate that would present the same effect as 0.5% xylitol 

concentration in a 3 mL ampoule (i.e., 15 mg xylitol in 3 mL). A calibration curve (Figure 3) 

was obtained for xylitol in the range 0.5 to 32 mg/ml using HPLC. The calibration curve 

helped to extrapolate the amount of xylitol deposited for the varying dimensions of template 

printed. This was useful in obtaining a corresponding ink-jetted amount for 0.5% xylitol 

concentration as was observed in Figure 4. 

 

Xylitol, unlike most sugars (sorbitol, fructose, glucose), is a 5-carbon sugar and inhibits 

glycolysis in S. mutans because it is a non-fermentable sugar (Ohshima et al., 2016, Cagetti et 

al., 2013, Marsh, 2003). Badet et al. (2008) reported on the importance of xylitol in 

preventing the formation of a multispecies biofilm and the relevance of using it for the 

prevention of oral diseases caused by dental plaque. Aside its antibacterial properties xylitol 
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is also known to stimulate the secretion of saliva which helps in teeth mineralisation and 

remineralisation (Abou Neel et al., 2016, Hara and Zero, 2010).  

 

Pikovskaya medium, a medium used in soil microbiology to evaluate phosphate 

solubilisation of by soil microorganisms was used to evaluate the phosphate solubilisation 

potential of the S. salivarius and S. mutans (Goteti et al., 2014, Kumar Meena et al., 2015). 

A very important, yet omitted, test in most oral probiotics’ evaluation is the phosphate ion 

solubilising potential of probiotic organisms. Phosphate is an important ion needed for teeth 

mineralisation and remineralisation; it plays a significant role in the susceptibility of teeth to 

caries progression. The teeth are also comprised of a phosphate-based mineral, apatite, in the 

enamel and dentine (Abou Neel et al., 2016). Any activity that results in a decrease in 

phosphate amounts has implications on teeth integrity and should not be used for oral 

treatment or be used with caution.  Streptococcus mutans, the primary organism that causes 

dental caries is a known phosphate-solubilising organism. This was, therefore, used as a 

positive control in the evaluation of the S. salivarius. Incubation was done for 14 days since 

maximum solubilisation would have occurred during this period (Goteti et al., 2014). After 

incubation, it was observed that S. mutans had a halo indicative of phosphate solubilisation 

whilst S. salivarius did not. Streptococcus salivarius was at this point considered a good 

candidate for the probiotic ODF.  

 

Streptococcus salivarius strains are among the early colonisers of the oral cavity and are 

usually present in high numbers throughout the lifetime of the healthy host, with various 

benefits at any given age (Wescombe et al., 2012, Hale et al., 2012, Burton et al., 2005, 

Haukioja, 2010, Devine and Marsh, 2009). Xylitol has been used as a sweetener in chewing 

gums to prevent plaque formation. It has also been proven beneficial in preventing biofilm 

formation (Soderling, 2009, Badet et al., 2008).  

 

The ODF was composed of two agents suggested to provide oral health benefits. Xylitol, as 

noted earlier, showed inhibition to the activity of S. mutans with little effect on S. salivarius. 

Hence, using an effective medium concentration of 0.5% xylitol (ink-jetted) with S. 

salivarius, it was expected that a complementary antibacterial activity would be obtained 

against S. mutans. The signals obtained indicated reduced metabolic activity in the ampoule. 

Due to the similarities between individual signals for S. mutans and S. salivarius, it was 

difficult to compare the nature of the peak obtained after co-incubation to that of the pure 
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cultures. This highlighted a drawback with microbial calorimetry, especially when the species 

under investigation are closely related. 

 

Plate counting data were, therefore, used to ascertain nature of reaction occurring in the co-

incubation tests. Mitis salivarius (MS) agar supports the growth of streptococci, however, 

when supplemented with 15% sucrose and 0.2 i.u of bacitracin per mL (MSBS) it selects for 

growth of S. mutans (Liljemark et al., 1976, Staat, 1976, Kurasz et al., 1986). Mitis salivarius 

and MSBS were, therefore, used for differentiation. Pure cultures of both species were 

streaked on MS and MSBS agar as references for comparison. S. salivarius on MS agar 

showed large, pale-blue, mucoid colonies that were glistening in appearance. S. mutans on 

MS agar showed raised, convex, undulate, opaque, pale-blue colonies that were granular in 

appearance (Hamada et al., 1979, Chapman, 1944). When pure cultures of both species were 

streaked on MSBS, no growth was observed for S. salivarius, however, characteristic 

colonies typical of S. mutans were obtained (images not shown). 

 

With these references, enumeration of S. mutans post-calorimetry was conducted on MSBS.  

A decrease in numbers from 7.9 to 5.04-Log CFU/mL was obtained post-calorimetry for S. 

mutans co-incubated with ODF in comparison to S. mutans control. Although complete 

elimination of the S. mutans population was not obtained, this was promising as it 

represented a 2.86-Log reduction. Generally, when comparing the bactericidal activity of 

antimicrobials against bacteria, a 3-Log (99.9%) reduction is considered to be significant; the 

reduction obtained here was, therefore, considered promising (Usacheva et al., 2014, 

Heffernan et al., 2013, Koh et al., 2013, Sun et al., 2014).  

 

A streak-out post-calorimetry onto MS agar revealed some large, pale blue, glistening 

mucoid colonies characteristic of S. salivarius, however, enumeration was not possible due 

inability to select S. salivarius growth. This implied that S. salivarius was also present in the 

ampoule at the end of the experiment. 

 

With probiotics reported to release materials with the ability to inhibit pathogenic species 

during metabolism, the objective of using CFS was to investigate any bacteriocin-like activity 

by the CFS from S. salivarius. Increasing the CFS volume was to serve as a means of 

increasing amounts of any bacteriocin-like substance that may be present then monitoring 

decrease in S. mutans numbers and metabolism with time. Cell-free supernatant from S. 
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salivarius have been demonstrated to inhibit S. mutans activity and to play a role in 

preventing biofilm formation by S. mutans (Ogawa et al., 2011). In a similar approach, 

Fredua-Ageman et al., (2017) used varying amounts of freeze-dried CFS from L. acidophilus 

and Bifidobacterium lactis against Clostridium difficile. Amounts as high as 20-fold freeze-

dried CFS from L. acidophilus and 5-fold freeze-dried CFS from B. lactis were needed to 

obtain complete inhibition. The quantity of CFS used in this work was much lower than the 

amounts used by Fredua-Ageman et al., which could account for the absence of complete 

inhibition of S. mutans by CFS from S. salivarius in this study. The reduction in S. mutans 

population with increasing amounts of CFS was, therefore, indicative of potential 

antimicrobial activity. 

 

5 Conclusion   

ODFs made of S. salivarius and xylitol were prepared and this exhibited some potential in the 

management of dental caries. A reduction in S. mutans numbers was observed after co-

incubating S. mutans together with ODFs made of S. salivarius and xylitol. The challenge in 

in-vitro evaluation evident here was due to these species belonging to the same genera 

limiting options available for differentiating. The approach, however, can be adapted in 

formulating probiotic ODFs using a variety of probiotic organisms to investigate of other 

conditions like periodontal disease and halitosis. 
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Figures 

 

 

Figure 8 Effect of varying xylitol concentrations on S. salivarius growth (a) and S. mutans growth (b) 

 

 

 

 

 

 

Figure 9 Cumulative heat output representative of total AUC for S. salivarius and S. mutans under varying 

xylitol concentrations 
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Figure 10 Calibration curve for xylitol in the range 0.5 to 32 mg/ml 

 

 

 

 

 

Figure 11 A Power-Time plot comparing metabolism of S. mutans in the presence of 0.5 % xylitol and ink-

jetted equivalent 
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Figure 12 Images after incubating S. salivarius (a) and S. mutans (b) on pikovskaya agar with S. mutans having 

a halo with a diameter of 16 mm around the site of the inoculum 

 

 

 

 

 

Figure 13 a) A Power-Time plot of S. mutans (control), ink-jetted (IJP) S. salivarius, and co-incubation of 

probiotic oro-dispersible film (ODF) and S. mutans 

b) Colony plate counts of S. mutans control and S. mutans after co-incubating with probiotic ODF 

 

 

 

a b 

a b 



 26 

 

Figure 14 a) A Power-Time plot of S. mutans in varying amounts of S. salivarius cell-free supernatant  b) 

Enumeration of S. mutans population at the highest signal intensity 
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Tables 

Table 3 Pikovskaya medium composition in 1L 

Ingredient Quantity (g) 

Glucose 10 

Tricalcium Phosphate 5 

Ammonium sulphate 0.5  

Yeast extract 0.5 

Sodium chloride 0.2 

Potassium chloride 0.2 

Magnesium sulphate heptahydrate 0.1 

Manganese sulphate monohydrate 0.002 

Ferrous sulphate heptahydrate 0.002 

Agar 20 

 

 

 

Table 4 Varying template dimensions used for ink-jetting xylitol and corresponding area under curve (AUC) 

(n=3) 

Template Dimension (cm x cm) AUC  

1 x 1 149.10  19.98 

1 x 2 277.00  29.09 

1 x 4 434.87  20.46 

1 x 8 802.13  2.42 

1 x 16 1540.40   14.68 

2 x 1 275.20  7.88 

2 x 2 495.00    12.13 

2 x 4 820.83    17.29 

2 x 8 1574.60    41.58 

2 x 16 2830.20  16.46 
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