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ABSTRACT
This in-vitro experiment conducted to test antimicrobial activity of different toothpastes on dental bacteria. Five brands of toothpastes namely Colgate Total, Oral-B Pro-expert, Siwak.F, Aloe Dent and Dabur Herbal were tested for their antimicrobial activity on Staphylococcus aureus, Staphylococcus epidermidis, E-coli and cariogenic bacteria Streptococcus mutans using agar disc diffusion method at different concentrations, MIC & MBC tests. The study proved that fluoride-containing toothpaste with triclosan was most potent than fluoride-containing toothpaste without triclosan, and herbal toothpaste with and without fluoride. The variations in antimicrobial activity of tested toothpastes were run simultaneously against broad-spectrum antibiotic ampicillin and chloramphenicol. The activity of these toothpastes is directly related to presence of antimicrobial compositions in their formulations. As a result, these brands of toothpastes can be used to control the oral biofilms and periodontal diseases related to the tested organism.
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Antimicrobial Activity of Different Toothpastes on Dental Bacteria in Vitro
Dental caries affect 60% to 90% of school-aged children and a large number of adults in most developed countries mainly as a result of the increasing consumption of sugar and poor exposure to effective toothpastes (Petersen 2003; Touger-Decker & van Loveren 2003). The U.S. Department of Health and Human Services (2000) stated that "among 5- to-17-year-olds, dental decay is five times as common as asthma and seven times as common as hay fever". Tooth decay and caries have existed throughout the human history, but the prevalence of caries has markedly increased in the 19th century as the Industrial Revolution made cane sugar and refined flour easily obtainable (Suddick & Harris 1990). Periodontal disease, also termed as gum disease, is an equivalent threat to oral health, which is caused by oral bacteria. Gum disease might lead to other serious health conditions (U.S. Department of Health and Human Services 2000).
[bookmark: _Toc484116901]Biofilms
Biofilms are defined as surface-adherent complex community of microorganisms that consist of cells, water, intracellular and extracellular material (Sutherland 2001). The presence of microorganisms within biofilms can occur naturally in the oral environment (Deshpande et al. 2014). When these biofilms overgrow, they're termed as "dental plaque". See Figure 1a (Bowen 2002). Early plaque formation takes 24 hours and it matures within 4 to 10 days with an average of 7 days (University of Illinois 2000).  Build-up of plaque on dental surfaces leads to the development of caries (decay). See Figure 1b. Dental caries is the consequence of interaction of cariogenic bacteria with consumed dietary components within a biofilm. This shows that dental caries is dependent on biofilms, and fermentable dietary carbohydrates. Sucrose is considered a key factor in initiating and developing caries as it is fermentable, and can be utilised as a substrate for the synthesis of extracellular and intracellular polysaccharides of bacteria in dental plaque (Newbrun1967; Yoo et al. 2007). These biofilms need to be controlled in order to prevent overgrowth of oral microbiota that in return will promote the development of plaque, caries and periodontal diseases (Deshpande et al. 2014). 
[bookmark: _Toc484116902]Streptococcus mutans
More than 700 bacterial species or phylotypes have been detected in the oral environment so far (Aas et al. 2005). But Streptococcus mutans is the etiologic agent for dental caries, and it co-exists in an interactive joint community with more than 500 other species of bacteria within the dental biofilm (Paster et al. 2001). Early signs of dental caries is characterised by superficial lesion that's caused by acids, the by-products of carbohydrate metabolism by Streptococcus mutans. Cariogenic bacterial activity progresses from enamel to dentin to pulp of teeth if left uncontrolled. See Figure 2 for teeth layers and Figure 1a, 1b, 1c, 1d for progression of dental caries throughout teeth layers. For biofilms to function optimally, bacterial community runs by a quorum system of sensing and signalling (Li et al. 2002). Cariogenic signalling includes co-aggregation, cell-cell communication, metabolic exchange, and genetic material exchange (Kolenbrander et al. 2006; Li et al. 2002; Roberts et al. 2001). These interactions of sensing and signalling system help in the survival of bacteria and in giving dental biofilms resistance (Saini et al. 2011). Heavy colonisation by cariogenic bacteria leaves individuals at high risk for dental caries. Thus, thorough control is essential (Rodis et al. 2006). 
[bookmark: _Toc484116903]Vaccination against Streptococcus mutans
	The idea vaccination against cariogenic bacteria Streptococcus mutans has been brought to attention of scientists and pharmacists, but for it to be applicable it needed a few proposals to be met; it needs to be 100% safe for users and more than 90% effective as there are fluoride tablets that prove to be 90% effective in preventing dental caries. Also, the issue faced (dental caries) isn’t life threatening to anyone; it’s cosmetic to some degree. Furthermore, although Streptococcus mutans has been linked to plaque and dental caries, it’s still uncertain whether it’s the primary causative agent as this strain coexists in the biofilm microcommunity with other bacteria, fungi and viruses (McCracken & Cawson 1983).
 However, according to McCracken and Cawson (1983), there was a successful experiment conducted on animals that were mono-infected with Streptococcus mutans, but unfortunately this was highly unrelated to human caries as they’re more complex in their occurrence.
[bookmark: _Toc484116904]Staphylococcus aureus, Staphylococcus epidermidis & Escherichia-coli
	Dental plaque can raise the opportunity for different microorganisms to translocate and colonise other body tissue by adhering to either teeth or other microorganisms in the dental plaque (Munro & Grap 2004). The organisms, namely Staphylococcus aureus, Staphylococcus epidermidis & E-coli can be incorporated in the oral environment normally from skin, nasopharynx or faecal-oral route, but still capable of causing pathogenesis (Foster 1996; Kamal & Bernard 2015). Staphylococcus aureus and Staphylcoccus epidermidis can colonise the oral environment and enter blood circulation (bacteraemia) causing bacterial infective endocarditis and/or prosthetic joint infection. Normal daily teeth brushing of individuals with gingivitis or patients undergone invasive dental procedures can result in a higher risk of developing bacteraemia and subsequently bacterial infective endocarditis and/or prosthetic joint infection (Lockhart et al. 2009; Monk et al. 2008; Munro & Grap 2004; Murdoch et al. 2009; Olsen et al. 2010). Bacteraemias are usually transient but in case of high-risk patients that have history in endocarditis or prosthetic joints, bacteraemia can sometimes have a significant outcome which is fatality if not detected early (Waghmare 2013; U.S. Department of Health and Human Services 2000). Taking prophylactic antibacterial medication is highly unrecommended to avoid any emerging resistance and unbalancing of bodily microflora, unless patient has history of cardiac condition and is going under dental procedure or has prosthetic joint with history of complications (American Dental Association 2016). National Health Service (2015) advocated good oral hygiene as it eliminates inflammation and ulceration that may result from cariogenic and periodontopathic outcome which in return will prevent bacteraemia.
	Escherichia-coli is considered as normal flora of the gut (coliform). But can be incorporated in oral environment from normal daily activities as well as nail biting and finger sucking (Kamal & Bernard 2015). E-coli and other coliforms in the mouth can cause inflammation of the exposed oral mucosa following tooth extraction. So, controlling these organisms should be taken under consideration.
[bookmark: _Toc484116905]Toothpaste: Herbal vs. Regular
Brushing of teeth with toothpaste is the most commonly practiced form of oral hygiene in most countries (Pannuti et al. 2003). National Health Service (2015) recommends brushing teeth twice a day. Brushing, tooth-picking and flossing serve as a mechanical practice to maintain oral cavity (teeth) hygiene (Deshpande et al. 2014). With the aid of chemical or natural ingredients in toothpaste and mouth-rinse, better hygiene can be accomplished due to the suppressing ability and releasing of active ingredient (Itthagarun & Wei 1996). 
[bookmark: _Toc484116906]Tricloasn vs Fluoride
Triclosan, derivative of chlorophenol, is an ingredient of most toothpastes and mouth-rinses (Itthagarun & Wei 1996). It posses the power for killing microorganisms by disrupting enzymes required in fatty acid synthesis of bacterial membrane. Similarly, Fluoride-containing toothpastes are also known for their antimicrobial activity. This active component was also found to have ability of decreasing demineralization and increasing re-mineralization to give strength to teeth (Maripandi et al. 2011). But effectiveness of fluoride depends on the extent of tooth lesion. According to a cross-over study measuring ability of fluoride-containing toothpastes in reversing plaque-filled grooves, 25% inhibition in demineralization was observed and 21% of all the dental lesions showed re-mineralisation. Analysis was conducted using transverse microradiography (Lagerweij et al. 1996). Since restoration of dental integrity after cariogenic outcome is limited, health organisations recommend approaching preventive measures (Petersen 2003).
Although fluoride-containing toothpaste with triclosan proved to have antibacterial activity and is approved by U.S. Food and Drug Administration (FDA) and Environmental Protection Agency (EPA), many people avoid using it nowadays as many studies reckon triclosan can be cancerous. Colgate's company stated on their website that they use it in minute percentage in order to provide better dental hygiene and emphasised on its safety for consumers and approved by the FDA in 2013 (Colgate Total® 2013; Ohe 2012). Furthermore, EPA rejected a petition in 2015 to ban triclosan (EPA, 2015). On the contrary, EU and European Chemicals Agency (ECHA) banned triclosan in Europe (Beyond Pesticides 2015). In a statement from ECHA “Risk was identified for both surface water and for the non-compartment specific effects relevant to the food chain (secondary poisoning)”, ECHA also believes any attempts in reducing triclosan toxicity are considered unrealistic (ECHA 2015, cited in Beyond Pesticides 2015). Triclosan is considered as antibacterial pesticide used in making of personal hygiene care products, cosmetics, plastics and textiles. It's been linked to hormonal disruption, cancer, bacterial resistance and aquatic toxicity (Beyond Pesticides 2015). The Centers for Disease Control and Prevention (CDC) reported the results of a survey conducted in 2004 showing 75% of the U.S. population urine contains triclosan (CDC 2009). 
Despite the fact that fluoride is now used to protect, re-mineralise and stop demineralisation of the teeth, it was first added to toothpastes as preservative, then it was employed to protect the teeth. Topical appliance of fluoride on teeth has proved to be beneficial, but systemic ingestion of it in countries with fluoridated water has been questioned since countries with non-fluoridated water and salt have the same decline in dental caries according to World Health Organization (WHO) (2011, cited in Connett 2012). See figure 3. Over-fluoridation by ingestion can lead to dental fluorosis which is a chronic condition leaving teeth mottled (stained) and impacting of learning abilities was also suggested (CDC 2015; Choi et al. 2012). In a recent announcement by U.S. Department of Health and Human Services (2011, cited in CDC 2015), a new maximum level of fluorides allowed in public water with a value of 0.7 ppm instead of its old recommendation level of 0.7- 1.2 ppm published since 1962.
Saliva normally has 0.02 to 1.93 ppm fluoride in it. However, developed dental plaque contains around 3.9 to 676 ppm of fluoride which can make it resistant to fluoride activity in dentifrices or water (Naumova et al. 2012; McCracken & Cawson 1983).
[bookmark: _Toc484116907]Herbal Toothpastes
Despite the efficacy of many fluoride-containing toothpastes and triclosan-containing toothpastes with their antimicrobial power, there is a growing desire to employ natural ingredients in a call for a more healthy life, which has also found its way into dentistry and is now readily available in markets and pharmacies (Gunsolley 2006; Lee et al. 2004; Bratthall et al. 1996). Most regular toothpastes contain many chemicals with controversial reputation, so the public oriented towards more natural herbal toothpastes leaving behind any unforeseen risks of regular toothpastes.  
This study was aimed at comparing the antimicrobial activity of fluoride-containing toothpastes with or without triclosan or herbal ingredients and non-fluoride-containing toothpastes with herbal ingredients against isolated cariogen Streptococcus mutans, Staphylococcus aureus, Staphylcoccus epidermidis and E-coli in vitro.
Active Natural Ingredients in the Selected Toothpastes
Before the 19th century, human medicine mainly relied on plants. The active natural ingredients that were used in selected toothpastes for this study will be briefly elucidated. 
Miswak or siwak (scientifically named Salvadora persica) twig is popular in maintain oral hygiene for its religious beliefs and also antimicrobial effect on oral organisms. It’s also recommended by WHO (World Health Organization (WHO) 1997). In a recent study in 2016, Miswak also showed strong to moderate antibacterial effect on multi-drug resistant (MDR) bacterial strains (Al-Ayed et al 2016). See appendix 1 for bacterial strains tested in the given study.
Ginger (scientifically named Zingiber officinale) has been used for its antimicrobial effect on many of the oral microorganisms and other medicinal applications (Jain et al. 2015)
Aloe vera (scientifically named Aloe barbadensis Miller) gel is used in dentifrice for its antibacterial effect on cariogenic, periodontopathic, opportunistic bacteria (Jain et al. 2015). It was also widely used for its anti-inflammatory, antioxidant and immune-boosting properties (Fani & Kohanteb 2012).
Vitamin E, a well known antioxidant, is used in some dentifrices to reduce oral cancer by inhibiting carcinogenic chemicals from smoking tobacco (Bakhtiari et al. 2015).
Ubiquinone (co Q10) is a coenzyme that’s used for its antioxidant power as well as its ability in promoting faster wound healing of the gums (Yoneda et al. 2014).
Toothache tree (scientifically named Zanthoxylum chalybeum) has been used, as the name suggests, for dental and also periodontal diseases. But has been clinically proven for the first time in 2015 and showed marked inhibitory effect on periodontopathic bacteria (Ocheng et al. 2015).
Soluble calcium salt is has significant effect in re-mineralising dental surfaces after decalcification (Stefański & Postek-Stefańska 2014). 
Red ochre, with natural occurring iron oxides in it, was suggested as medicinal powder for its antiseptic power and ability to stop bleeding. There weren’t any further clinical researches with distinctive results; most statements were related to its ability to protect skin by working as SPF or by being one of the many ingredients in anti-ageing skin products (Rifkin et al. 2015; Tran et al. 2015; Trinkaus 1984).
Clove (scientifically named Syzygium aromaticum) essential oils hold antimicrobial, anti-inflammatory antioxidant and immune-boosting properties (Rice-Evans & Miller 1996). It can also inhibit decalcification caused by acids. In a study, clove essential oils were comparatively tested with 1000 ppm of fluoride-containing solution against apple juice decalcifying ability in vitro. Decalcification of teeth enamel occurs at a pH of 5.5, which is known as critical pH, and the apple juice is considered acidic with pH of 3.2. Both components had around equal decalcification inhibition, and just like fluoride, clove can be cytotoxic if used in high doses, so further clinical trials need to be conducted to set maximum tolerated dose (Marya et al. 2012; Mirpour 2015).
[bookmark: _Toc484116908]Aim
The aim of this study was to compare the antimicrobial activity of various commercially available toothpastes against Streptococcus mutans, Staphylococcus aureus, Staphylcoccus epidermidis and E-coli in vitro.

[bookmark: _Toc484116909]MATERIAL AND METHOD
[bookmark: _Toc484116910]Collection of Isolated Organism
The isolated organism Streptococcus mutans that was used for this study was a courtesy of Dr. Sara Algahtani, faculty member at Dentistry College, King Saud University (KSU) and Mrs. Gehan Al-sharif, lab technician, King Saud University. The other isolates namely Staphylococcus aureus (ATCC 25923), Staphylcoccus epidermidis (ATCC 12228) and E-coli (ATCC 25922) were obtained from Clinical Laboratory Sciences department.
[bookmark: _Toc484116911]Toothpaste
Five toothpastes with fluoride and/or herbal ingredients were selected to test their antimicrobial activity in vitro. The products were collected from a local market in Riyadh. Brand name, active ingredients, percentage and country of origin are listed in Table 1 below. For companies of toothpastes, see appendix 2- Table 5.
[bookmark: _Toc484116912]Minimum Inhibitory Concentration (MIC) of Toothpastes
Toothpaste samples were diluted in sterile distilled water in serial dilutions. The concentrations prepared were of 25% (250mg/ml), 50% (500mg/ml) and 100% (1g/ml). These concentrations determined the minimum inhibitory concentration in Mueller-Hinton broth. 9ml of sterile Mueller-Hinton broth was poured into tubes, and 1ml of each toothpaste concentration was added in a test tube. By using 0.5 McFarland standards, two drops of each inoculum was added to each test tube and incubated aerobically at 37oC for 24 hours. A tube containing no toothpaste was considered as positive control broth. Negative control broth had no organism added. Toothpaste with lowest dilution concentration that had no visible growth was considered as minimum inhibitory concentration (MIC) per each toothpaste brand. See Figure 4 (Nwankwo & Ihesiulo 2014). 
[bookmark: _Toc484116913]Minimum Bactericidal Concentration (MBC) of Toothpastes
Minimum bactericidal concentration was performed to determine whether the toothpastes used have a cytotoxic effect on tested organisms or just inhibitory effect. To determine the MBC of toothpastes, a sterilised loop was used to streak the MIC solutions performed earlier on blood agar and incubated aerobically at 37oC for 24 hours, and E-coli was streaked on MacConkey agar in similar environmental conditions. While for Streptococcus mutans, Brain-Heart Infusion agar was streaked and incubated anaerobically at 37oC for 48 hours. The streak that had no growth was considered as MBC of respective toothpaste.
[bookmark: _Toc484116914]Procedure of Testing of Toothpastes against Bacteria
The antimicrobial activity of toothpastes was determined by modified agar disc diffusion method (Nwankwo & Ihesiulo 2014). All toothpastes samples were diluted in sterile distilled water of concentrations mentioned in MIC, that's of 25%, 50% and 100%. In this method, Brain-Heart Infusion agar plates were seeded with 0.5ml of 0.5 McFarland standards from 24 hour broth culture of Streptococcus mutans. Mueller-Hinton agar with 5% sheep blood plates were seeded with 0.5ml of 0.5 McFarland standards from 24 hour broth culture of the remaining organisms. See Figure 5 (Deshpande et al. 2014; Clinical and Laboratory Standards Institute – NCCLS 2007). Paper disc impregnated with particular toothpaste dilution was placed on agar surface. As positive control, broad-spectrum antibiotic ampicillin was used for Streptococcus mutans, Staphylococcus aureus and Staphylococcus epidermidis, while chloramphenicol for E-coli (Inetianbor et al. 2014). Each plate had had paper discs of three respective concentrations of a toothpaste placed in equidistant manner. Plates were incubated at 37˚C for 24 hours except for Brain-Heart Infusion plates that were incubated at 37˚C anaerobically for 48 hours. The antimicrobial activity was evaluated by measuring the diameters of inhibition zones in mm (millimeters) and was considered in this study.
[bookmark: _Toc484116915]RESULTS
	The results of the MIC test, MBC test and antimicrobial assay of modified agar disc diffusion method are illustrated in Table 2, Table 3, Table 4, Figure 6, Figure 7 and Figure 8. 
[bookmark: _Toc484116916]DISCUSSION
Maintaining good oral hygiene can be related to proper tooth brushing using effective toothpastes and other dentifrices, as well as regular annual or semi-annual visits to dentist office for checkups. A consumer’s decision in choosing toothpaste can rely on many factors; social factor, advertising factor and economic factor. Therefore the antimicrobial activity of 5 toothpastes was comparatively evaluated against dental cariogenic bacteria Streptococcus mutans as well as the tested bacteria Staphylococcus aureus, Staphylococcus epidermidis and E-coli.
The toothpaste with most effective antibacterial activity against S. mutans was Colgate Total toothpaste, with sodium fluoride and triclosan as active ingredients that costs 11 Saudi Riyals, had MIC value of 250 mg/ml, MBC of 250 mg/ml and inhibition zone of 40 mm. Oral-B Pro-expert (Whitening), with stannous fluoride, sodium fluoride and zinc salts as its active ingredient that costs 21 Saudi Riyals, proved to have an similar MIC of 250 mg/ml, MBC test showed a significant decrease in colony growth from about <10 in 250 mg/ml and 500 mg/ml to as little as 3 colonies at 1000 mg/ml but with inhibition zone of 35 mm. Siwak.F toothpaste, with active ingredients of miswak powder and sodium monofluorophosphate that costs 8 Saudi Riyals, showed MIC value of 1000 mg/ml MBC test had full to decreased growth to respective concentrations and with a broad inhibition zone of 38 mm. whereas Dabur Herbal )Anti Ageing) toothpaste, with active ingredients of soluble calcium, toothache tree, clove, ginger, red ochre and vitamin E, that also costs 8 Saudi Riyals, showed MIC value of 1000 mg/ml, MBC showed significant decrease to a single colony at 1000 mg/ml with also a broad zone of inhibition of 39 mm. Aloe Dent (Triple Action) toothpaste, with aloe vera, tea tree oil and ubiquinone (Co Q10) as active ingredients that costs 22 Saudi Riyals, scored MIC value of 500 mg/ml, MBC was observed at 500 mg/ml but showed the smallest inhibition zone of 23 mm. 
Colgate Total toothpaste antibacterial activity was also the most effective against Staph. aureus had MIC value of 500 mg/ml, MBC was observed from 250 mg/ml and inhibition zone of 23 mm. Oral-B Pro-expert (Whitening) had MIC value of 500 mg/ml, MBC from growth at 250 mg/ml to zero colonies at 500 mg/ml and inhibition zone of 13 mm. Siwak.F toothpaste showed MIC value of 500 mg/ml, MBC test had full growth with slight decrease at higher concentrations and inhibition zone of 9 mm. Aloe Dent (Triple Action) toothpaste scored MIC value of 1000 mg/ml, MBC test had full growth to slight decrease at 1000 mg/ml and inhibition zone of 11 mm. Dabur Herbal )Anti Ageing) toothpaste showed MIC value of 500 mg/ml, MBC test showed full growth at all concentrations with a broad zone of inhibition of 9 mm. 
Antibacterial activity of Colgate Total toothpaste against Staph. epidermidis was most effective that had MIC value of 250 mg/ml, MBC at 250 mg/ml and inhibition zone of 40 mm. Oral-B Pro-expert (Whitening) had MIC value of 1000 mg/ml, MBC had 12 colonies to 1 colony to no colonies at all respectively and inhibition zone of 12 mm. Siwak.F toothpaste showed MIC value of 500 mg/ml, MBC test showed full to slight decrease in growth and inhibition zone of 9 mm. Aloe Dent (Triple Action) toothpaste scored MIC value of 1000 mg/ml, MBC test had full to slight decreased growth and inhibition zone of 12 mm. Dabur Herbal )Anti Ageing) toothpaste showed MIC value of 1000 mg/ml, MBC test had full growth at all concentrations with a broad zone of inhibition of 9 mm. 
Lastly, Colgate Total toothpaste antibacterial activity against E-coli showed highest potential that had MIC value of 250 mg/ml, MBC test showed 5 colonies to 4 colonies to no colonies respective to concentrations and inhibition zone of 38 mm. Oral-B Pro-expert (Whitening) had MIC value of 250 mg/ml, MBC was observed at 1000 mg/ml and inhibition zone of 10 mm. Siwak.F toothpaste showed MIC value of 500 mg/ml, MBC test showed full to decreased growth and inhibition zone of 14 mm. Dabur Herbal )Anti Ageing) toothpaste showed MIC value of 250 mg/ml, MBC test had full to decreased growth with a broad zone of inhibition of 9 mm. Finally, Aloe Dent (Triple Action) toothpaste didn’t show any MIC value as all tubes were turbid indicating no inhibition of growth, MBC test showed full to decreased growth but the inhibition zone on agar disc diffusion method was of 14 mm. Toothpaste with smallest MIC value relates to its effectiveness with as minimum concentration as possible. Toothpaste with largest inhibition zone also relates to its effectiveness as well as magnitude in eradicating the organism. 
Although the selected toothpastes have had different extents of antibacterial activity, yet they proved to have the fitting power in protecting consumers from dental plaque, caries and any periodontal diseases that could result from it. Fluoride-containing toothpaste with triclosan proved to be most effective with exceptional cytotoxic effect against all tested organisms and economic with a price as little as 11 Saudi Riyals. Fluoride-containing toothpaste with 1450 ppm was also very effective against all tested organisms and showed cytotoxic effect against tested organisms if used without prior dilution and significant inhibition effect against S. mutans, but with a higher cost that might range up to 21 Saudi Riyals. Fluoride-containing toothpaste with 920 ppm and herbal ingredient showed good inhibitory protection at high concentrations with an economic price of 8 Saudi Riyals. While non-fluoride-containing toothpaste with herbal ingredients can either be economic or pricey. Aloe Dent (Triple Action) toothpaste, according to present study results, showed the most noticeable decrease in antibacterial activity when diluted to 25% and 50% in agar disc diffusion method against S. mutans but effective MBC from 500 mg/ml. It’s the least economic offer as it costs 22 Saudi Riyals. Finally, Dabur Herbal (Anti Ageing) toothpaste showed very good inhibitory results against S. mutans mostly, and it costs only 8 Saudi Riyals.
I believe this study will help the society in expanding their knowledge and promote better toothpaste selection after demonstrating the magnitude of their protective power. Regular toothpaste proved to be potent, but also most of the selected herbal toothpastes were efficient. Moreover, the natural ingredients in these toothpastes have the ability to protect, soothe and strengthen the oral environment as whole; not just in relation to antibacterial potency. So, I’d like to recommend for this study to be taken further and test the selected toothpastes’ effect on periodontal health.
[bookmark: _Toc448879750]CONCLUSION
Colgate Total toothpaste proved to be the most effective against all tested organisms. Oral-B Pro-expert, and most probably all toothpastes containing 1450 ppm fluoride with zinc salts, proved to be effective in inhibiting S. mutans and with bactericidal effect against the rest of tested organisms if applied in higher concentration. Siwak.F and Dabur Herbal toothpastes were effective against S. mutans. Finally, Aloe Dent toothpaste also showed efficacy against S. mutans if used at higher concentrations.
Fluoride-containing toothpaste with triclosan showed exceptional cytotoxic effect on all tested organisms, but it has a controversial reputation regarding its safety. Toothpaste with 1450 ppm fluoride showed cytotoxic effect against tested organisms if used without prior dilution and significant inhibition effect against S. mutans. Non fluoride-containing toothpastes didn’t show any cytotoxic effect except for Aloe Dent toothpaste on cariogenic bacteria S. mutans without prior dilution. The rest of the Non fluoride-containing toothpastes only had inhibitory effect on S. mutans at high concentrations.
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[bookmark: _Toc484116919]Appendix 1. Miswak vs. MDR bacterial organisms
Miswak aqueous and methanol extracts were used against 10 MDR bacterial organisms and showed moderate to strong antibacterial activity. Their names are as follows; MRSA, MRSE, S. pyogenes, E. coli, E. faecalis, K. pneumonia, A. baumannii, P. aeruginosa, S. Marcescens and S. maltophilia (Al-Ayed et al. 2016).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

[bookmark: _Appendix_2._Toothpastes’][bookmark: _Toc484116920]Appendix 2. Toothpastes’ brand name, company and country of origin in Table 5.
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[bookmark: _Toc448175018]TABLES AND TABLE CAPTIONS

Table 1. Toothpastes selected. 
	Brand name
	Active ingredients
	Percentage (%)
	Country of origin

	Colgate Total
	Sodium fluoride+ triclosan
	Fluoride: 0.145% (1450 ppm) 
Triclosan: 0.3%w/w 
	Saudi Arabia

	Oral-B Pro-expert (Whitening)
	Stannous fluoride+ sodium fluoride+zinc salts
	Fluoride: 0.145% (1450 ppm)
	Germany

	
Siwak.F
	Miswak powder+ sodium monofluorophosphate
	Fluoride: 0.092% (920 ppm)
	Saudi Arabia

	Aloe Dent
(Triple Action)
	Aloe vera+ tea tree oil+ ubiquinone (co Q10)
	
	EU

	Dabur Herbal )Anti Ageing)
	Soluble calcium+ toothache tree+ clove+ ginger+ red ochre+ vitamin E
	
	UK






Table 2. MIC value (mg/ml) and inhibition zone diameter (mm) of the five toothpastes at different concentrations against tested organisms. Highlighted diameters show positive effect against tested organism.
	Toothpaste
	Organism
	MIC value (mg/ml)
	  Inhibition zone diameter (mm) at different concentrations (%)

	
	
	
	25%
	50%
	100%

	Colgate Total 
	S. mutans 
Staph. aureus
Staph. epidermidis
E-coli
	250 mg/ml
500 mg/ml
250 mg/ml
250 mg/ml
	23 mm            25 mm        40 mm
17 mm            20 mm        23 mm
27 mm            28 mm        40 mm
29 mm            33 mm        38 mm

	Oral-B Pro-expert (Whitening)
	S. mutans 
Staph. aureus
Staph. epidermidis
E-coli
	250 mg/ml
500 mg/ml
1000 mg/ml
250 mg/ml
	14 mm            24 mm        30 mm
7 mm              8 mm          13 mm
8 mm             10 mm         12 mm
7 mm            10 mm         10 mm

	Siwak.F
	S. mutans 
Staph. aureus
Staph. epidermidis
E-coli
	1000 mg/ml
500 mg/ml
500 mg/ml
500 mg/ml
	10 mm            27 mm        38 mm
7 mm               8 mm           9 mm
7 mm               7 mm           9 mm
9 mm             13 mm         14 mm	

	Aloe Dent (Triple Action)
	S. mutans 
Staph. aureus
Staph. epidermidis
E-coli
	500 mg/ml
1000 mg/ml
1000 mg/ml
All turbid
	8 mm              9 mm         23 mm
0 mm              7 mm         11 mm
0 mm              0 mm         12 mm
8 mm              8 mm          9 mm

	Dabur Herbal )Anti Ageing)
	S. mutans 
Staph. aureus
Staph. epidermidis
E-coli
	1000 mg/ml
500 mg/ml
1000 mg/ml
250 mg/ml
	30 mm            32 mm        39 mm
6 mm                9 mm          9 mm
0 mm                7 mm          9 mm
0 mm               0 mm           9 mm
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Table 3. Mean inhibition zone diameter (mm) of antibiotics against tested organisms.
	Antibiotic
	Organism
	Inhibition zone diameter (mm)

	Ampicillin
	S. mutans
	12 mm
	

	
	Staph. aureus
	          27 mm
	

	
	Staph. epidemidis
	15 mm
	

	Chloramphenicol
	E-coli
	       25 mm
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Table 4. Minimum bactericidal concentration (MBC) of toothpaste against tested organisms. Toothpaste concentration where bactericidal effect was observed is highlighted.
	Toothpaste
	Organism
	MBC at different concentrations (%)

	
	
	25%
	50%
	100%

	Colgate Total 
	S. mutans 
Staph. aureus
Staph. epidermidis
E-coli
	No colonies
1 colony
1 colony
6 colonies
	No colonies
No colonies
No colonies
5 colonies
	No colonies
No colonies
No colonies
No colonies

	Oral-B Pro-expert (Whitening)
	S. mutans 
Staph. aureus
Staph. epidermidis
E-coli
	<10 colonies
Growth
12 colonies
5 colonies
	<10 colonies
No colonies
1 colony
4 colonies
	3 colonies
No colonies
No colonies
 No colonies

	Siwak.F
	S. mutans 


Staph. aureus
Staph. epidermidis
E-coli
	Full growth


Full growth
Full growth

Full growth
	Decreased growth

Full growth
Full growth
Decreased growth
	More decreased growth
Decreased growth
Decreased growth
More decreased growth

	Aloe Dent (Triple Action)
	S. mutans 
Staph. aureus
Staph. epidermidis
E-coli
	>10 colonies
Full growth
Full growth
Full growth
	No colonies
Full growth
Full growth
 Full growth
	No colonies
Decreased growth
Decreased growth
Decreased growth

	Dabur Herbal )Anti Ageing)
	S. mutans 
Staph. aureus
Staph. epidermidis
E-coli
	Full growth
Full growth
Full growth
Full growth
	Decreased growth
Full growth
Full growth
Full growth
	1 colony
Full growth
Full growth
Decreased growth


Table 5. Brand name, company and country of origin of selected toothpaste
	Brand name
	Company
	Country of origin

	Oral-B Pro-expert (Whitening)
	Procter and Gambel
	Germany

	Colgate Total
	Colgate-Palmolive
	Saudi Arabia

	Siwak.F
	Said Salim Bawazir For Toothpastes & Sweetener Factory
	Saudi Arabia

	Aloe Dent (Triple Action)
	Optima Health & Nutrition
	EU

	Dabur Herbal (Anti Ageing)
	Dabur U.K. Limited
	UK




FIGURES AND FIGURE CAPTIONS
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	[bookmark: _Toc448175620]Figure 1. Progression of plaque into dental caries throughout teeth layers. 
a. Healthy tooth with superficial plaque. b. Caries in enamel layer progressed from plaque. 
c. Caries progress through tooth dentin layer. 
d. Caries reach tooth pulp layer. (Siddiqui 2013)





[image: ]
[bookmark: _Toc448175621]Figure 2. Teeth layers. Layers involved in dental caries mentioned earlier are highlighted (Stanford Children's Health 2016).
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[bookmark: _Toc448175622]Figure 3. Data collected from 1970 to 2010 showing declination on dental caries in countries with fluoridated and non-fluoridated water. Almost equal declination is observed in both parameters (Connett 2012).
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[bookmark: _Toc448175623]Figure 4. A presumed example of MIC technique used for this study
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[bookmark: _Toc448175624]Figure 5. McFarland 0.5 standard and adjusted test organism (CDC 2002).
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[bookmark: _Toc448175625]Figure 6. MIC of toothpastes and negative control.
S. mutans    a1: Colgate Total toothpaste at different concentrations. a2: Oral-B toothpaste at different concentrations.  a3: Siwak.F toothpaste at different concentrations. a4: Aloe Dent toothpaste at different concentrations. a5: Dabur Herbal toothpaste at different concentrations. 
Staph. aureus	    b1: Colgate Total toothpaste at different concentrations. b2: Oral-B toothpaste at different concentrations.  b3: Siwak.F toothpaste at different concentrations. b4: Aloe Dent toothpaste at different concentrations. b5: Dabur Herbal toothpaste at different concentrations. 
Staph. epidirmidis    c1: Colgate Total toothpaste at different concentrations. c2: Oral-B toothpaste at different concentrations.  c3: Siwak.F toothpaste at different concentrations.
 c4: Aloe Dent toothpaste at different concentrations. c5: Dabur Herbal toothpaste at different concentrations. 
E-coli	  d1: Colgate Total toothpaste at different concentrations. d2: Oral-B toothpaste at different concentrations.  d3: Siwak.F toothpaste at different concentrations. d4: Aloe Dent toothpaste at different concentrations. d5: Dabur Herbal toothpaste at different concentrations. 
Negative control     f1: Colgate Total toothpaste at different concentrations. f2: Oral-B toothpaste at different concentrations.  f3: Siwak.F toothpaste at different concentrations. f4: Aloe Dent toothpaste at different concentrations. f5: Dabur Herbal toothpaste at different concentrations.  
[image: ]
[bookmark: _Toc448175626]Figure 7. Zone of inhibition of toothpastes and positive control.
S. mutans    a1: Colgate Total toothpaste at different concentrations. a2: Oral-B toothpaste at different concentrations.  a3: Siwak.F toothpaste at different concentrations. a4: Aloe Dent toothpaste at different concentrations. a5: Dabur Herbal toothpaste at different concentrations. a6: Positive control.
Staph. aureus	    b1: Colgate Total toothpaste at different concentrations. b2: Oral-B toothpaste at different concentrations.  b3: Siwak.F toothpaste at different concentrations. b4: Aloe Dent toothpaste at different concentrations. b5: Dabur Herbal toothpaste at different concentrations. b6: Positive control.
Staph. epidirmidis    c1: Colgate Total toothpaste at different concentrations. c2: Oral-B toothpaste at different concentrations.  c3: Siwak.F toothpaste at different concentrations.
 c4: Aloe Dent toothpaste at different concentrations. c5: Dabur Herbal toothpaste at different concentrations. c6: Positive control.
E-coli	  d1: Colgate Total toothpaste at different concentrations. d2: Oral-B toothpaste at different concentrations.  d3: Siwak.F toothpaste at different concentrations. d4: Aloe Dent toothpaste at different concentrations. d5: Dabur Herbal toothpaste at different concentrations. d6: Positive control.
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[bookmark: _Toc448175627]Figure 8. MBC of toothpastes.
S. mutans    a1: Colgate Total toothpaste MBC at different concentrations. a2: Oral-B toothpaste MBC at different concentrations.  a3: Siwak.F toothpaste MBC at different concentrations. a4: Aloe Dent toothpaste MBC at different concentrations. a5: Dabur Herbal toothpaste MBC at different concentrations. 
Staph. aureus	    b1: Colgate Total toothpaste MBC at different concentrations. b2: Oral-B toothpaste MBC at different concentrations.  b3: Siwak.F toothpaste at MBC different concentrations. b4: Aloe Dent toothpaste MBC at different concentrations. b5: Dabur Herbal toothpaste MBC at different concentrations. 
Staph. epidirmidis    c1: Colgate Total toothpaste MBC at different concentrations. c2: Oral-B toothpaste MBC at different concentrations.  c3: Siwak.F toothpaste MBC at different concentrations.    c4: Aloe Dent toothpaste MBC at different concentrations. c5: Dabur Herbal toothpaste MBC at different concentrations. 
E-coli	  d1: Colgate Total toothpaste MBC at different concentrations. d2: Oral-B toothpaste MBC at different concentrations.  d3: Siwak.F toothpaste MBC at different concentrations. d4: Aloe Dent toothpaste MBC at different concentrations.  d5: Dabur Herbal toothpaste MBC at different concentrations. 
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