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Abstract
Objectives: The objective of this study was to analyse the antibacterial and antiplaque activity of three edible 
toothpastes with the widest worldwide distribution: KidScents™, which contains essential oils; Browning B&B™, 
with medicinal plants; and Wysong Probiodent™, which contains probiotics.
Study Design: The study group was formed of twenty healthy volunteers (dental students) with a good oral health 
status. Using a balanced randomisation system, all volunteers performed toothbrushing with four products (the 
three edible toothpastes and water) at intervals of one week. Bacterial vitality in the saliva was analysed by epif-
luorescence microscopy and plaque regrowth was evaluated using the Turesky-Quigley-Hein plaque index.
Results: Bacterial vitality in the saliva was significantly higher after toothbrushing with water (positive control) 
than with the three toothpastes (P=0.002, P=0.003 and P<0.001, respectively). The plaque index was significantly 
higher after using these three toothpastes than after toothbrushing with water (P=0.047, P=0.032 and P<0.001, 
respectively).
Conclusions: The three edible toothpastes analysed have some antimicrobial activity but favour plaque regrowth.
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Introduction
The widespread use of toothpastes, particularly those 
containing fluoride, was based mainly on their efficacy 
in the prevention of caries (1). The most common un-
desirable effect of fluoride is fluorosis and, to minimise 

this effect, it is recommended that children use very 
small quantities of toothpaste and spit out the residue 
(2). However, it is sometimes impossible to prevent a 
child from swallowing the toothpaste and this has led 
to marked differences in the proposals of various in-
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ternational dental organisations with regard to the most 
appropriate choice of toothpaste for children, the age at 
which to start its prescription and up to what age super-
vised tooth brushing is recommended (3).
At the age when small children are starting to perform 
toothbrushing techniques, some have difficulty spitting 
and they have a tendency to swallow the toothpaste. 
This has favoured the development of the so-called “ed-
ible” toothpastes, which do not contain detergents -and 
thus do not form foam- or fluoride or other potentially 
harmful components, and they can therefore be swal-
lowed safely. The elaboration of edible toothpastes be-
came a challenge for the scientists at the North Ameri-
can Space Agency because, in a weightless environ-
ment, astronauts found it very difficult to brush their 
teeth with conventional toothpaste. In the early eighties, 
Ira L. Shannon, a dentist at the Johnson Space Center 
associated with the Oral Disease Research Laboratory 
of the Veterans Administration Hospital in Houston, de-
veloped a new type of toothpaste (Nasadent™) for use 
in a zero gravity environment; that toothpaste did not 
produce foam and could be swallowed (Patent number: 
NASA-TM-107998, NAS 1.15:107998). Even though 
its clinical efficacy and its acceptance by users were 
comparable with conventional toothpastes, Nasadent™ 
stopped being marketed some years later. Its principal 
characteristic was that it eliminated the formation of air 
bubbles and it was therefore suggested that it could be 
used in bed-bound patients with difficulty expectorat-
ing, tetraplegic patients, patients with neuromuscular 
degenerative diseases, patients with orofacial paralysis, 
psychiatric patients and other groups in which assisted 
toothbrushing may be required.
The composition of modern toothpastes is more com-
plex because they frequently incorporate other con-
stituents that are also beneficial for oral health, reduc-
ing calculus formation, extrinsic dental staining, tooth 
hypersensitivity and halitosis (4). Although in principle 
their safety and efficacy are guaranteed, some tooth-
pastes are considered cosmetics while others are medic-
inal products; this can lead to difference in marketing 
regulations (4). Despite this, conventional toothpastes 
are typically supported by quality clinical trials and 
rigorous expert reviews (4) though, paradoxically, we 
have found no publications in the literature that evaluate 
the efficacy of edible toothpastes. The objective of this 
study was to analyse the antibacterial and antiplaque 
activity of three of the edible toothpastes with the wid-
est worldwide distribution.

Material and Methods
The toothpastes tested in this study were KidScents™ 
(Young Living Essential Oils, Lehi, UT, USA), Brown-
ing B&B™ (Boryung Medience Co Ltd, Seoul, South 
Korea) and Wysong Probiodent™ (Wysong Corporation, 

Midland, MI, USA). These toothpastes were selected on 
the basis of their wide distribution and affordability. The 
composition of KidScents™ includes calcium carbonate, 
de-ionised water, colloidal silver, strawberry aroma, pep-
permint essential oil (Mentha piperita), vegetable glyc-
erin, zinc oxide, xanthan gum, ionic minerals, xylitol, 
spearmint essential oil (Mentha spicata), clove essential 
oil (Syzygium aromaticum), lemon oil (Citrus limon), 
orange essential oil (Citrus aurantium) and Thieves™ 
essential oil. Browning B&B™ toothpaste contains 
poloxamer 407, dimethicone, xylitol and natural plant 
extracts. Wysong Probiodent™ toothpaste includes des-
iccated sea plankton, trona mineral salts, calcium lactate, 
birch bark extract, aloe vera, peppermint, potassium cit-
rate, probiotic cultures (Streptococcus salivarius, Lacto-
bacillus salivarius, Bifidobacterium bifidum, Enterococ-
cus faecium, Lactobacillus acidophilus and Lactococcus 
plantarum), apple polyphenols, enzymes (amylase, pro-
tease and cellulase) and isolated milk proteins.
The study group was formed of twenty healthy volun-
teers (dental students) with a good oral health status, a 
minimum of 24 examinable permanent teeth, no evi-
dence of gingivitis or periodontitis (Community Peri-
odontal Index score= 0), and no active caries. The ex-
clusion criteria applied were the following: smoking, 
dental prosthesis or orthodontic devices, administration 
of antibiotics or routine use of oral antiseptics in the 
previous three months and the presence of any systemic 
disease that could alter the production or composition of 
the saliva or dental plaque. Tartrectomy was performed 
on all volunteers before starting the study.
The experiments were started at 9 a.m. and partici-
pants were requested not to use any type of toothpaste 
or mouthwash for 12 hours before the study in order to 
avoid any possible residual effect of the oral hygiene 
product that they usually used. By random selection, 
the volunteers performed toothbrushing with 10 ml of 
sterile water (positive control), 0.4 ml of KidScents™ 
toothpaste, 0.4 ml Browning B&B™ toothpaste, or 0.4 
ml of Wysong Probiodent™ toothpaste obtained by dis-
solving 0.7 g of powder in 1 ml of water. After applying 
sterile water or the selected toothpaste, participants per-
formed toothbrushing for two minutes using a conven-
tional technique, attempting to clean all the tooth surfac-
es, tongue and mucosas, without wetting the toothbrush 
in water (except when performing the positive control 
with sterile water). Without rinsing the toothbrush in 
water, participants were then given an erythrosine tab-
let (Plac control®, Dentaid, Barcelona, Spain), which 
they chewed following the manufacturer’s instructions 
in order to highlight residual plaque. Using the residual 
toothpaste on the toothbrush or, in the case of brushing 
with water, after wetting the toothbrush in water, par-
ticipants then continued the toothbrushing activity until 
complete disappearance of the stained dental plaque.
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Five minutes after completing toothbrushing, samples 
of 1 ml of unstimulated saliva were collected using the 
spitting method (5). To evaluate the antibacterial activ-
ity of the toothpastes tested, we analysed the vitality 
of salivary bacteria using epifluorescence microscopy 
with the LIVE/DEAD® BacLight™ fluorescence solu-
tion (Molecular Probes, Leiden, The Netherlands). This 
technique has been described in detail and its efficacy 
has been demonstrated previously (6). 
After completing toothbrushing, the participants did 
not perform any oral hygiene procedure, did not chew 
gum, did not eat apples or other foods that favour plaque 
removal and did not drink alcohol for a period of 24 
hours in order not to alter dental plaque regrowth. The 
antiplaque activity of the products was then evaluated 
by determining the level of newly formed plaque, quan-
tified by visual inspection of erythrosine-stained plaque 
at six sites per tooth, using the Turesky modification of 
the Quigley-Hein plaque index (7, 8), with a scale from 

Table 1. Percentage of live bacteria detected in the saliva samples after toothbrushing with sterile water or with the Kid-
Scents™, Browning B&B™ or Wysong Probiodent™ edible toothpastes.

Bacterial vitality (%) Sterile water KidScents™ Browning B&B™ Wysong Probiodent™ 

Minimum 45.00 45.50 48.50 46.80 

Maximum 83.30 69.40 72.00 70.50 

Median 70.65 59.00 58.20 57.10 

Mean 

Standard deviation 

69.28 

12.10 

59.14 

8.05 

59.19 

7.19 

57.05 

6.89 

25th centile 64.65 53.05 55.42 53.27 

75th centile 78.95 65.67 62.85 59.75 

0 (no plaque) to 5 (plaque covering more than two thirds 
of the tooth surface).
Using a balanced randomisation system, all volunteers 
performed toothbrushing with the four products (the 
three edible toothpastes and water) at intervals of one 
week, during which the participants only used their 
usual toothpaste and toothbrush.
The statistical analysis was performed with the R soft-
ware environment (R Development Core Team, 2011, 
Vienna, Austria). Repeated measure ANOVA was used 
for inter-toothbrushing comparisons between water and 
each edible toothpaste and between different tooth-
pastes for each outcome variable (bacterial vitality and 
the plaque index). Statistical significance was taken as a 
P value less than 0.05.
This project was approved by the Ethics Committee of 
the School of Medicine and Dentistry of Santiago de 

Compostela University. The study was conducted in ac-
cordance with the Helsinki Declaration of 1975, as re-
vised in 2000. Informed consent was obtained in writ-
ing from all participants in the study.

Results
The highest levels of bacterial vitality in the saliva 
were detected after toothbrushing with sterile water 
(mean=69.28%; range=45%-83.30%). The mean levels of 
bacterial vitality after toothbrushing with the KidScents™, 
Browning B&B™ and Wysong Probiodent™ toothpastes 
were 59.14%, 59.19% and 57.05%, respectively; these val-
ues were significantly lower than the percentage of live 
bacteria observed after toothbrushing with sterile water 
(P=0.002, P=0.003 and P<0.001, respectively). The details 
of these results are presented in table 1.
On evaluation of newly formed dental plaque using the 
Turesky-Quigley-Hein plaque index (8) 24 hours after 

toothbrushing, the minimum value was observed with 
sterile water (plaque index=0.690) and the maximum 
value with the Wysong Probiodent™ toothpaste (plaque 
index=2.200). The mean values of post-toothbrushing 
plaque accumulation with the KidScents™, Brown-
ing B&B™ and Wysong Probiodent™ toothpastes 
were 1.352, 1.369 and 1.693, respectively (Table 2), all 
of which were significantly higher than the value ob-
tained after toothbrushing with water (mean=1.163; 
P=0.047, P=0.032 and P<0.001, respectively). Plaque 
regrowth was greater after toothbrushing with Wysong 
Probiodent™ toothpaste than after using KidScents™ 
(P=0.001) or Browning B&B™ (P=0.001) toothpastes.

Discussion
The most widely used design in studies of plaque re-
growth published in the literature is the so-called “four-
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day plaque regrowth” (9, 10) or its variants (11). How-
ever, in this study it was decided to evaluate plaque 
regrowth over a shorter period (24 hours) after a sin-
gle application of each one of the edible toothpastes 
selected. This situation of short-term plaque regrowth 
that we have used is more relevant to daily life, and its 
efficacy has already been demonstrated for the evalua-
tion of potential plaque inhibitor agents and new active 
substances (12). The volume of toothpaste used (0.4 ml) 
was based on an estimation made by the authors of the 
quantity of toothpaste that an adult should use for con-
ventional toothbrushing. The quantification of viable 
salivary bacterial populations was performed by epif-
luorescence microscopy with specific fluorochromes. 
The advantages of this method include that it is a rapid 
technique that is easy to perform, it quantifies bacte-
rial viability in real-time (13), the SYTO 9/YP solution 
simultaneously identifies viable and non-viable bacteria 
(13), and it is possible to detect bacteria that cannot be 
cultured using plate techniques (14). Many studies on 
the quantification of dental plaque have used subjec-
tive indices based on the criterion of a clinical exam-
iner (15). We therefore used the Turesky modification 
of the Quigley-Hein plaque index (8), as this is the most 
widely applied index for the evaluation of dental plaque 
(9,16,11). 
The three toothpastes evaluated in this study present 
greater antibacterial activity than the control tooth-
brushing with sterile water. In general, commercial 
toothpastes incorporate an agent with antimicrobial 
activity and produce a fall in the bacterial counts of 
aerobes, anaerobes and Streptococcus spp.; the most 
significant reductions are observed with toothpastes 
containing antiseptics, particularly chlorhexidine (17). 
With the increase in the prevalence of antimicrobial re-
sistance, attention is currently being focused on the use 
of natural antimicrobial components (18). The tooth-

Clinical accumulation of 
dental plaque1 Sterile water KidScents™ Browning B&B™ Wysong Probiodent™

Minimum 0.690 0.770 0.820 1.100

Maximum 1.730 1.930 1.870 2.200

Median 1.165 1.355 1.380 1.685

Mean 

Standard deviation

1.163

0.340

1.352

0.351

1.369

0.321

1.693

0.367

25th centile 0.935 1.173 1.228 1.413

75th centile 1.360 1.615 1.532 1.988

Table 2. Dental plaque regrowth 24 hours after toothbrushing with sterile water or with the KidScents™, Browning B&B™ or Wysong Pro-
biodent™ edible toothpastes.

1 Plaque accumulation was evaluated using the Turesky modification of the Quigley-Hein plaque index.

pastes we have tested include products such as essential 
oils (KidScents™), natural plant extracts (Browning 
B&B™), and probiotics and enzymes (Wysong Probi-
odent™). Some of these components, such as Mentha 
spicata, have powerful antibacterial activity against 
microorganisms responsible for the formation of dental 
plaque, such as Streptococcus mutans and Streptococ-
cus pyogenes (19). Clove oil (Syzygium aromaticum) 
(KidScents™) has also been shown to be effective 
against gram-negative anaerobic periodontal pathogens 
such as Porphyromonas gingivalis and Prevotella inter-
media (20). The majority of these agents have a broad 
spectrum of antibacterial activity and their prolonged 
use does not therefore alter the natural balance of the 
oral microbiota nor does it favour the appearance of 
microbial resistance (21). Another important character-
istic of the toothpastes tested is their substantivity, as 
the time that their antimicrobial activity persists is not 
known; with many conventional toothpastes, this activ-
ity does not persist for more than five hours, which is the 
minimum period necessary for clinical determination 
of antiplaque and anti-gingivitis efficacy (22).
The inhibition of plaque regrowth has previously been 
demonstrated in a 24-hour model using toothpastes with 
chlorhexidine and fluoride (12). In the present study, in 
contrast, greater regrowth was observed with the three 
toothpastes tested than after toothbrushing with water. 
It has been suggested that the majority of individuals 
only eliminate 40% of dental plaque in a single tooth-
brushing session, and that the remaining plaque is re-
sponsible for the rapid regrowth (23). Because of this, 
plaque regrowth in studies that have quantified dental 
plaque before and after toothbrushing may have been 
conditioned by a deficient tooth brushing technique or 
by the methodological design of those studies (24-26). In 
the present study, in order to minimise these biases, the 
participants were selected from among dental students 
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(presumably with a good toothbrushing technique) and, 
furthermore, the level of plaque on starting the experi-
ment was zero in all cases; the plaque accumulated at 24 
hours could therefore be attributed to the fact that the 
toothpastes evaluated lacked antiplaque activity. Some 
toothpastes that incorporate the main components of 
the toothpastes evaluated in the present study do have 
antiplaque and anti-gingivitis activity. The clinical ef-
ficacy of this activity has been demonstrated in tooth-
pastes with essential oils (27,28) and with medicinal 
plants (29,30), though the inhibition of plaque regrowth 
after the application of toothpastes with probiotics has 
still not been adequately evaluated. As a result, we have 
confirmed that it cannot be assumed that a toothpaste 
is effective merely because it contains a known active 
agent, as that agent could be inactivated by other com-
ponents in the formula. It has been suggested that if a 
toothpaste does not contribute to plaque inhibition, it 
does not necessarily mean that it should be withdrawn, 
as it may be a very effective vehicle for the delivery of 
fluoride (2); however, that argument is not applicable to 
edible toothpastes.
In conclusion, the results of this study allow us to state 
that the edible toothpastes tested have a degree of im-
mediate antimicrobial activity but lack antiplaque activ-
ity, and even favour plaque regrowth in the short term.

References 
1. Walsh T, Worthington HV, Glenny AM, Appelbe P, Marinho VC, 
Shi X. Fluoride toothpastes of different concentrations for prevent-
ing dental caries in children and adolescents. Cochrane Database 
Syst Rev. 2010;20:CD007868. 
2. Davies RM, Ellwood RP, Davies GM. The rational use of fluoride 
toothpaste. Int J Dent Hyg. 2003;1:3-8.
3. Dos Santos AP, Nadanovsky P, De Oliveira BH. Inconsistencies 
in recommendations on oral hygiene practices for children by pro-
fessional dental and paediatric organisations in ten countries. Int J 
Paediatr Dent. 2011;21:223-31.
4. Davies R, Scully C, Preston AJ. Dentifrices--an update. Med Oral 
Patol Oral Cir Bucal. 2010;15:e976-82.
5. Navazesh M, Christensen CM. A comparison of whole mouth rest-
ing and stimulated salivary measurement procedures. J Dent Res. 
1982;61:1158-62. 
6. Tomás I, García-Caballero L, Cousido MC, Limeres J, Alvarez M, 
Diz P. Evaluation of chlorhexidine substantivity on salivary flora by 
epifluorescence microscopy. Oral Dis. 2009;15:428-33.
7. Quigley GA, Hein JW. Comparative cleansing efficiency of manu-
al and power brushing. JADA. 1962;65:26-9.
8. Turesky S, Gilmore ND, Glickman I. Reduced plaque forma-
tion by the chloromethyl analogue of victamine C. J Periodontol. 
1970;41:41-3.
9. Binney A, Addy M, Owens J, Faulkner J. A comparison of tri-
closan and stannous fluoride toothpastes for inhibition of plaque 
regrowth. A crossover study designed to assess carry over. J Clin 
Periodontol. 1997;24:166-70.
10. Moran J, Addy M, Newcombe R. A 4-day plaque regrowth study 
comparing an essential oil mouthrinse with a triclosan mouthrinse. J 
Clin Periodontol. 1997;24:636-9.
11. He T, Sun L, Li S, Ji N. The anti-plaque efficacy of a novel stan-
nous-containing sodium fluoride dentifrice: a randomized and con-
trolled clinical trial. Am J Dent. 2010;23:11B-6B.
12. Claydon N, Addy M. The use of plaque area and plaque index to 

measure the effect of fluoride and chlorhexidine toothpastes on 24-h 
plaque regrowth. J Clin Periodontol. 1995;22:540-2. 
13. Boulos L, Prévost M, Barbeau B, Coallier J, Desjardins R. LIVE/
DEAD BacLight: application of a new rapid staining method for 
direct enumeration of viable and total bacteria in drinking water. J 
Microbiol Methods. 1999;37:77-86. 
14. Berney M, Hammes F, Bosshard F, Weilenmann HU, Egli T. As-
sessment and interpretation of bacterial viability by using the LIVE/
DEAD BacLight Kit in combination with flow cytometry. Appl En-
viron Microbiol. 2007;73:3283-90.
15. Fischman SL. Current status of indices of plaque. J Clin Period-
ontol. 1986;13:371-4, 379-80.
16. Moran J, Newcombe RG, Wright P, Haywood J, Marlow I, Addy 
M. A study into the plaque inhibitory activity of experimental tooth-
paste formulations containing antimicrobial agents. J Clin Periodon-
tol. 2005;32:841-5.
17. Moran J, Addy M, Newcombe R. The antibacterial effect of tooth-
pastes on the salivary flora. J Clin Periodontol. 1988;15:193-9.
18. Cowan MM. Plant products as antimicrobial agents. Clin Micro-
biol Rev. 1999;12:564-82.
19. Rasooli I, Shayegh S, Astaneh S. The effect of Mentha spicata 
and Eucalyptus camaldulensis essential oils on dental biofilm. Int J 
Dent Hyg. 2009;7:196-203.
20. Cai L, Wu CD. Compounds from Syzygium aromaticum possess-
ing growth inhibitory activity against oral pathogens. J Nat Prod. 
1996;59:987-90.
21. Marsh PD. Microbiological aspects of the chemical control of 
plaque and gingivitis. J Dent Res. 1992;71:1431-8.
22. Jenkins S, Addy M, Newcombe R. The effects of 0.5% chlorhexi-
dine and 0.2% triclosan containing toothpastes on salivary bacterial 
counts. J Clin Periodontol. 1990;17:85-9.
23. De La Rosa M, Zacarías Guerra J, Johnston DA, Radike AW. 
Plaque growth and removal with daily tootbrushing. J Periodontol. 
1979;50:661-4.
24. Parizotto SP, Rodrigues CR, Singer Jda M, Sef HC. Effective-
ness of low cost toothbrushes, with or without dentifrice, in the re-
moval of bacterial plaque in deciduous teeth. Pesqui Odontol Bras. 
2003;17:17-23.
25. Paraskevas S, Rosema NA, Versteeg P, Timmerman MF, van der 
Velden U, van der Weijden GA. The additional effect of a dentifrice 
on the instant efficacy of tooth brushing: A crossover study. J Peri-
odontol. 2007;78:1011-6.
26. Gallagher A, Sowinski J, Bowman J, Barret K, Lowe S, Patel 
K, et al. The effect of brushing time and dentifrice on dental plaque 
removal in vivo. J Dent Hyg. 2009;83:111-6.
27. Kohut B, Coelho J, Sharma NC, Galustians J, Proskin HM. A 
short-term brushing model for assessing antiplaque/antigingivitis 
dentifrice effectiveness: a pilot study. J Clin Dent. 1999;10:119-23.
28. Coelho J, Kohut BE, Mankodi S, Parikh R, Wu MM. Essential 
oils in an antiplaque and antigingivitis dentifrice: a 6-month study. 
Am J Dent. 2000;13:5C-10C.
29. Willershausen B, Gruber I, Hamm G. The influence of herbal in-
gredients on the plaque index and bleeding tendency of the gingiva. 
J Clin Dent. 1991;2:75-8.
30. Jayashankar S, Panagoda GJ, Amaratunga EA, Perera K, Ra-
japakse PS. A randomised double-blind placebo-controlled study on 
the effects of a herbal toothpaste on gingival bleeding, oral hygiene 
and microbial variables. Ceylon Med J. 2011;56:5-9.

Acknowledgments 
The authors would like to express their gratitude to Professor Carlos 
Fabal, whose comments inspired the conception of this study.


