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ABSTRACT

Introduction: Salivary and plaque pH is the important pa-
rameter affecting the carious process. The new Colgate sugar 
acid neutralizer maximum cavity protection toothpaste is a 
new technology of toothpaste that claims to fight against cavi-
ties. So the aim of the present study was to evaluate the effect 
of commercially available new Colgate sugar acid neutralizer 
maximum cavity protection on plaque and salivary pH.
Materials and methods: Dental students were randomly al-
located to either to Colgate sugar acid neutralizer toothpaste 
(group1, n=16) and to Colgate cibaca group (group2, n=15). 
Baseline plaque and salivary pH (pre- brushing) were record-
ed for all the study subjects and compared with the pre-brush-
ing and post-brushing pH after 1 month intervention with the 
assigned toothpaste. Plaque and saliva pH were measured us-
ing a portable pH meter. 
Results: There was no statistically significant increase in the 
mean plaque and salivary pH value between baseline and 
pre-brushing mean pH value after 1 month intervention in 
both the groups. But there was a statistically significant rise in 
mean salivary and plaque pH value between pre-brushing and 
post-brushing (after intervention) in the new colgate group 
(group 1) which was not statistically significant in group 2.
Conclusion: The pH of plaque and saliva increases after 
brushing in each commercially available dentifrice group. 
But the pH rise was higher and statistically significant with 
group 1.This shows that toothpaste with arginine and fluoride 
which is present in the new toothpaste, had an influence on the 
increase of pH value. 
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INTRODUCTION
Dental biofilm is a site of bacterial proliferation and growth, 
in addition to being a location of acid production. Miller 
(1890) proposed a two step process whereby mixed bacteria, 
when exposed to fermentable carbohydrates, produced acids 
which, in a second step, acted on tooth structure to dissolve 
hydroxyapatite and release free calcium and phosphates. 
Plaque accumulation, subsequent production of acids within 
the plaque in response to a glucose exposure and subsequent 
recovery of the plaque pH was demonstrated by Stephan 
(1940, 1944).1

Saliva is a complex fluid consisting of 99% of the water and 
remaining 1% of organic and inorganic molecules. The in-
terface between the saliva and oral tissue is the site of many 
dynamic reactions which affect both the soft tissue and hard 
tissues of the mouth. The pH at which any particular saliva 
ceases to be saturated is referred to as ‘critical pH’ and below 

this value; the inorganic material of teeth may dissolve in it 
resulting in dental caries.2

Saliva interacts with the biofilm, and is important in reduc-
ing the cariogenic effects of dental plaque as acidogenic bac-
teria consume fermentable carbohydrates producing acids 
that may result in tooth demineralization. The introduction 
of dietary carbohydrates, even in thin layers of plaque, re-
sults in significant production of acid.1

Dentifrices are the major products for routinely administer-
ing effective cosmetic and therapeutic agents in the mouth. 
They serve as an abrasive that aids in removing the dental 
plaque and food from teeth, assists in suppressing halitosis, 
and delivers active ingredients (most commonly fluoride) 
to help prevent tooth and gum disease (gingivitis). Because 
of their widespread and regular use they serve as the most 
effective tool for oral disease prevention and control. The 
attributes of the dentifrices which may affect their cosmetic 
or therapeutic effect are their physical form, chemical com-
position, their pH, their solubility.2

Dental caries is not a self-limiting disease and without prop-
er oral hygiene, it progresses until the tooth is destroyed. It 
is a multifactorial disease in which, Streptococci mutans and 
Lactobacilli in dental plaque, play an important role.3

The prevalence of dental caries in the developing countries 
like India remains a significant clinical problem. A very 
extensive and comprehensive National Health Survey con-
ducted in 2004 throughout India has shown dental caries in 
51.9% in 5 year-old children, 53.8% in 12 year-old children 
and 63.1% in 15 year-old teenagers.4

The colgate sugar acid neutralizer maximum cavity pro-
tection toothpaste is a new technology that claims to fight 
against cavities. Sugar acid neutralizer technology is a com-
posite of arginine in insoluble calcium base which claims of 
neutralizing sugar acids in plaque and saliva- the cause of 
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cavities.
As the consumption of refined and junk foods has been in-
creasing rapidly among people in India, which correspond-
ingly increases the prevalence of dental caries, the new 
colgate sugar acid neutralizer maximum cavity protection 
toothpaste will be like a boon if it proves to fight against 
cavities.So the present study aimed to evaluate the effect of 
commercially available new toothpaste on plaque and sali-
vary pH.

MATERIALS AND METHODS
The present randomized controlled double blind controlled 
trial was conducted to evaluate the effect of new colgate 
toothpaste on salivary and plaque pH. The ethical clearance 
was obtained from the ethical committee of Sumandeep 
Vidyapeeth University. Study subjects were selected from 
undergraduate and post-graduate students of KM Shah Den-
tal College, Sumandeep Vidyapeeth University, Vadodara. 
Consent was obtained from the study subjects. The inclusion 
criteria for the subjects included:
• Subjects voluntarily participating in the study.
• Subjects having plaque score ≥ 1( Loe and Silness 

Plaque Index)
• Subjects having DMFT > 0. (DMFT Index WHO mod-

ification 1987)
The exclusion criteria included:
• Currently participating in any other trial or study involv-

ing oral cavity
• Patients on medication like steroids, antihistaminics, an-

tianxiety drugs etc, which reduces salivary flow.
• Subjects who are medically compromised.

Sample size
Per group sample size of 15 achieve 80% with a significance 
level (alpha) of 0.05000. So total sample size came out to be 
30. Hence each group consisted of 15 subjects.
The study was conducted in 3 phases:

In the first phase 
1. Loe and Sillness Plaque index and DMFT index were 

recorded.
2. Baseline plaque and salivary pH were recorded early 

morning prior to brushing 
3. These subjects were randomly allocated to the study and 

control groups by flipping a coin method.
4. Masking was done by painting white colour over the in-

terventional toothpastes by a co-investigator and coded 
as 1 and 2. 

In the second phase
1. Subjects were provided with their assigned products and 

instructed to brush their teeth with a pea sized amount 

of the allocated toothpaste for 2 minutes twice a day for 
a period of 1 month. Subjects were instructed to refrain 
from any other means of plaque control and continue 
their routine dietary habits. Reinforcement was done 
once in a week throughout to improve compliance.

2. Compliance assessment was also done by checking the 
amount of used paste tubes.

In the third phase
The unstimulated salivary samples and plaque samples were 
collected from the subjects in morning before brushing. Then 
the subjects were asked to brush with the assigned toothpaste 
which they were given to them for last 1 month and salivary 
and plaque samples were collected immediately.
Plaque pH Measurement: A calibrated portable digital pH 
meter was used for measurements.

STATISTICAL ANALYSIS
The analysis was done using SPSS 20. The mean and the 
standard deviation calculated for the plaque pH and salivary 
pH using descriptive statistics. Paired t test was used to com-
pare the changes in the mean plaque and salivary pH after 
treatment within each group. Independent sample t test was 
used to compare the plaque and salivary pH between the two 
groups. 

RESULTS
There was no statistically significant increase in the 
mean plaque and salivary pH value between baseline and 
pre-brushing mean pH value after 1 month intervention in 
both the groups. But there was a statistically significant rise 
in mean salivary and plaque pH value between pre-brush-
ing and post-brushing (after intervention) in the new colgate 
group (group 1) which was not statistically significant in 
group 2.

DISCUSSION
Salivary and plaque pH are an important biomarker for den-
tal caries. In the group 1, it was found that there was signif-
icant increase in mean pH of study subjects after brushing 
with this new dentrifice. But there was no statistically sig-
nificant difference found in pH at baseline and after 1 month 
intervention pre-brushing in group 2.
Table 1 and Table 3 presents the mean plaque and salivary 
pH at baseline and post-intervention (i.e. after 1 month 
pre-brushing and post-brushing pH). It was found that there 
was a statistical difference between the 2 groups in the mean 
pH of plaque and saliva post-brushing after 1 month inter-
vention where group 1 showing higher value than group 1.
Similarly a study conducted by Chand S et al2, who demon-
strated the effect of Colgate, Neem active toothpaste, Vicco, 

Groups N Mean Std. Deviation Std. Error Mean P value
Bas Pq Group-1 16 5.650000 .6271629 .1567907 .297

Group-2 15 5.433333 .4952152 .1278640
Pre Pq Group-1 16 5.687500 .6280923 .1570231 .316

Group-2 15 5.480000 .4901895 .1265664
Post Pq Group-1 16 6.237500 .5251984 .1312996 .004

Group-2 15 5.666667 .4730851 .1221501
Table-1: Mean plaque pH before and after treatment
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Triguard, Colgate active salt, Dabur meswak, Dabur babool, 
Close-up active gel, RA Thermoseal, Dabur lal dant manjan 
and Colgate powder on salivary pH. The study found that 
the pH of different available dentifrices used in the study 
were in the range of 5.6 – 8.4, highest pH being reported for 
Colgate and lowest being reported for Dabur lal dant manjan 
respectively.
Fluoride has long been recognized for its anti-caries benefits 
and the efficacy of fluoride dentifrices in preventing caries 
has been well documented.14,15 However, fluoride has limita-
tions under pathogenic conditions, because it does not target 
dental plaque as its primary mode of action. New strategies to 
deliver superior caries prevention would ideally complement 
the effects of fluoride while targeting plaque pathogenicity.16 
A new approach in caries research is focused on the fact that 
alkali generation from salivary substrates, like urea and argi-
nine, may play an important role in biofilm pH, homeostasis 
and in inhibiting dental caries.17,18 Saliva is the principal bio-
logical protective factor against tooth demineralization. Both 
its quantitative and qualitative properties are important de-
terminants of the risk of developing dental diseases. One of 
the key factors in the pathogenesis of caries is dental plaque 
pH. Saliva modifies plaque pH in a number of different ways, 
one of which is enhancement of alkali production. Therefore, 
provision of alkali-producing substrates such as L-arginine 
and urea which can be metabolized by plaque bacteria to 
yield base (principally ammonia) could contribute to caries 
prevention by favouring higher local pH values.19-21

Table 2 shows the mean change in pH value of plaque for 
both the groups before and after treatment from baseline 
to pre-brushing and post-brushing. The change from base-

line to pre-brushing (after treatment) was 0.037 for group 1 
and 0.046 for group2 which was not statistically significant. 
There was a statistical significant difference found in change 
in pH value between pre-brushing and post-brushing (after 
intervention) which was 0.55 for group 1 and 0.18 for group 
2. The change from baseline to post-brushing was 0.58 and 
0.23 for group1 and 2 which was statistically significant.
Similarly a study a 12 week clinical study conducted by San-
tarpia RP et al to assess the clinical effect on plaque metabo-
lism of a dentifrice containing 1.5% arginine and 1,450 ppm 
fluoride compared to a dentifrice containing 1,450 ppm fluo-
ride in a silica base. It was found that subjects using the test 
dentifrice had significantly higher plaque pH values before 
sucrose challenge.2 Another invivo study conducted by Wang 
XL et al to investigate the neutralising effects of subsequent 
arginine bicarbonate rinse on sucrose-induced decrease in 
plaque pH with interdental plaque pH telemetry. It was con-
cluded that regular use of an arginine bicarbonate rinse after 
carbohydrate consumption could help prevent caries.23

Table 4 shows the mean change in pH value of saliva for 
both the groups before and after treatment from baseline 
to pre-brushing and post-brushing. There was a statistical 
significant difference found in change in pH value between 
pre-brushing and post-brushing (after intervention).
Further to see the effect of arginine, which is present in the 
new colgate toothpaste, on salivary pH a study was con-
ducted by Vuletic et al20, assessed if the consumption of 3 g 
of a commercially available L-arginine dietary supplement 
causes a post-absorptive rise in urea concentration or pH of 
unstimulated saliva. The results showed pH was significantly 
higher only for the study group who was given L-arginine 

Group N Mean Std. Deviation Std. Error Mean P value
Pq Pre-Bas Group-1 16 .037500 .0806226 .0201556 .758

Group-2 15 .046667 .0833809 .0215289
Pq Post-Pre Group-1 16 .550000 .2190890 .0547723 .000

Group-2 15 .186667 .1302013 .0336178
Pq Post- Bas Group-1 16 .587500 .2093641 .0523410 .000

Group-2 15 .233333 .1345185 .0347325
Table-2: Mean values of change in plaque pH in both groups

Group N Mean Std. Deviation Std. Error Mean P value
Bas Sal Group-1 16 6.375 .3376 .0844 .490

Group-2 15 6.273 .4652 .1201
Prebrush Group-1 16 6.381 .3371 .0843 .496

Group-2 15 6.280 .4739 .1224
Post Group-1 16 7.025 .2769 .0692 .004

Group-2 15 6.573 .5021 .1296
Table-3: Mean pH of saliva before and after treatment

Group N Mean Std. Deviation Std. Error Mean P value
Sal Pre-Bas Group-1 16 .006250 .0250000 .0062500 .964

Group-2 15 .006667 .0258199 .0066667
Sal Post – Pre Group-1 16 .643750 .1711481 .0427870 .000

Group-2 15 .293333 .1334523 .0344572
Sal Post – Bas Group-1 16 .650000 .1712698 .0428174 .000

Group-2 15 .300000 .1309307 .0338062
Table-4: mean values of change in salivary pH in both groups
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tablets
Recently, however, a new dentifrice technology based upon 
1.5% arginine and an insoluble calcium compound to reduce 
plaque pathogenicity and enhance re-mineralization, in com-
bination with fluoride, has been developed and clinically val-
idated. This dentrifice is launched by colgate with innovative 
sugar acid neutralizer technology directly fights sugar acids 
in plaque, clinically proven to provide enhanced cavity pro-
tection versus a regular everyday fluoride toothpaste.24,26

In the intra group comparison of mean plaque and salivary 
pH within study groups before and after intervention. It was 
found that in group 1 the mean value of baseline plaque and 
salivary pH was raised from 5.65 and 6.3 to 6.23 and 7.02 
post-brushing (after 1 month intervention period). The dif-
ference was statistically significant. After intervention, the 
mean value of pH pre-brushing was 5.68 for plaque and 6.38 
for saliva which was raised to 6.23 and 7.02 post-brushing 
which was a statistically significant difference. Similarly 
statistical significant increase in pH was found in group 2 
but not as bigger as found in group 1. This means there was 
greater increase in the mean plaque and salivary pH after 
intervention in group 1 i.e. the new colgate toothpaste.
A series of 5 studies of 6 months duration which forms the 
basis for clinical validity, conducted by Cummins D (2013)25, 
Souza MLR et al (2013)27, Srisilapanan P et al (2013)28, Yin 
W et al (2013)29, Hu et al (2013)30 assessed the efficacy in 
arresting and reversing (re-mineralizing) early, reversible 
enamel lesions and root caries lesions. The studies demon-
strated that innovative dentifrices containing 1.5% arginine, 
an insoluble calcium compound and fluoride provide supe-
rior caries benefits in children and adults to dentifrices con-
taining fluoride alone.
Further, it includes in situ clinical studies which showed 
that these dentifrices inhibit de-mineralization and enhance 
re-mineralization more effectively than dentifrices with flu-
oride alone as proved by a study conducted by Cantore et al 
in 2013.32

Also, a study conducted by Nascimento et al in 2013 ex-
plored the relationship between oral arginine metabolism 
and dental caries experience in children. Mixed-model anal-
ysis showed that plaque caries status is significantly associ-
ated with ADS activity despite children’s age, caries status, 
and dentition, with healthy plaque predicting higher ADS 
activity compared with diseased plaque.33 
The present study shows that arginine added along with fluo-
ride to the toothpastes has a positive influence on the quality 
of the oral environment. No statistically significant increase 
in the mean pH value from baseline to pre-brushing pH value 
after 1 month intervention in both the groups was seen. This 
suggests that further research is needed to test the longevity 
of action of the new colgate toothpaste to see whether the 
toothpaste has a long term effect in the quality of the oral 
environment.

CONCLUSION
The pH of plaque and saliva increases after brushing in each 
commercially available dentifrice group. But the pH rise was 
higher and statistically significant with group 1.This shows 
that toothpaste with arginine and fluoride which is present in 

the new toothpaste, had an influence on the increase of pH 
value. Arginine added along with fluoride to the toothpastes 
has a positive influence on the quality of the oral environ-
ment. Results of this study suggested that the new colgate 
toothpaste could be used to provide significant caries protec-
tion over that provided by conventional fluoride toothpastes.

REFERENCES
1. Wolff MS, Larson C. The cariogenic dental biofilm: 

good, bad or just something to control? Cariology. 
2009;23:31-38.

2. Chand S, Gulati P, Dhingra S, Swatika. Estimating the 
pH of commercially available dentrifices and evaluat-
ing its effect on salivary pH after brushing. JOHCD. 
2013;7:12-16.

3. Talha WM, Elsaid M, Omar OM, Eissa SA. The effect 
of Miswak and fluoride toothpastes on dental plaque: A 
comparative clinical and microbiological study. Nature 
andScience. 2013;11:1-7.

4. Moses J, Rangath BN, Gurunathan D. Prevalence of 
dental caries, Socioeconomic status and treatment needs 
among 5 to 15 year old school going children of Chid-
ambaram. J Clin Diagn Res. 2011;5:146-151.

5. Liu D, Yuan S, Wang X. A comparative study about the 
influence of Lanthanum, Calcium, Fluoride on plaque 
pH. Hua Xi Kou Qiang Yi Xue Za Zhi. 2001;19:210-
212.

6. Surdacka A, Stopa J. The effect of xylitol toothpaste on 
oral cavity environment. J Prev Med. 2005;13:98-107.

7. Lightenberg AJM, Brand HS, Bots CP, Nieuw Ameron-
gen AV. The effect of toothbrushing on secretion rate, 
pH and buffering capacity of saliva. Int J Dent Hygiene. 
2006:104-105.

8. George J, Hegde S, KS R, Kumar A. The efficacy of 
a herbal-based toothpaste in the control of plaque and 
gingivitis: A clinico–biochemical study. Indian J Dent 
Res 2009;20:480-482.

9. Delbem ACB, Bergamaschi M, Rodrigues E, Sassaki 
KT, Vieira EDM, Missel EMC. Anticaries effect of den-
tifrices with calcium citrate and sodium trimetaphos-
phate. J Appl Oral Sci. 2012;20:94–98.

10. Damle SG, Deoyani D, Bhattal H, Yadav R, Lomba A. 
Comparative efficacy of dentifrice containing sodium 
monofluorophosphate + calcium glycerophosphate and 
nonfluoridated dentifrice: A randomized, doubleblind, 
prospective study. Dent Res J (Isfahan). 2012;9:68–73.

11. Mannaa A, Carlen A, Zaura E, Buijs MJ, Bukhary 
S, Lingstrom P. Effects of highfluoride dentifrice 
(5,000ppm) on caries related plaque and salivary varia-
bles. Clin Oral Investig. 2014;18.

12. Tatikonda A, Debnath S, Chauhan VS, Chaurasia VR, 
Taranath M, Sharma AM. Effects of herbal and non-
herbal toothpastes on plaque and gingivitis: A clinical 
comparative study. J Int Soc Prev Community Dent. 
2014;4(Suppl 2):S126–S129.

13. Reyes E, Martin J, Moncada G, Neira M, Palma P, 
Gordan V, Oyarzo JF. Caries-free subjects have high 
levels of urease and arginine deiminase activity. J Appl 
Oral Sci. 2014;22:235-40.

14. Marinho VC, Higgins JP, Sheiham A, Logan S. Fluo-
ride toothpastes for preventing dental caries in chil-
dren and adolescents. Cochrane Database Syst Rev. 
2003;(1):CD002278 Available at http://www.ncbi.nlm.
nih.gov/pubmed/12535435.



Krishnan et al. Effect of Commercially Available Colgate Sugar Acid Neutralizer Toothpaste on Salivary and Plaque ph

International Journal of Contemporary Medical Research  
Volume 3 | Issue 3 | March 2016   | ICV: 50.43 | ISSN (Online): 2393-915X; (Print): 2454-7379

664

15. Walsh T, Glenny AM, Worthington HV, Marinho VCC, 
Appelbe P. Fluoride toothpastes of different concentra-
tions for preventing dental caries in children and adoles-
cents (Protocol). Cochrane Database Syst Rev.2009;(3) 
Available at http://www.thecochranelibrary.com Ac-
cessed on 02/06/2015.

16. Kraivaphan P, Amornchat C, Triratana T, Mateo LR, 
Ellwood R, Cummins D et al. Two-year caries clini-
cal study of the efficacy of novel dentifrices contain-
ing 1.5% arginine, an insoluble calcium compound and 
1,450 ppm fluoride. Caries Res. 2013;47:582-90.

17. The first toothpaste that directly fights sugar acids. Brit 
Dent J. 2014;540:216. Available at http://www.nature.
com/bdj/journal/v216/n9/full/sj.bdj.2014.385.html Ac-
cessed on 02/06/2015.

18. Liu YA, Nascimento M, Burne RA. Progress toward un-
derstanding the contribution of alkali generation in den-
tal biofilms to inhibition of dental caries. International 
Journal of Oral Science. 2012;4:135–140.

19. Nascimento MM, Gordan VV, Garvan CW, Browngardt 
CM, Burne RA. Correlations of oral bacterial arginine 
and urea catabolism with caries experience. Oral Micro-
biol Immunol. 2009;24:89–95.

20. Vuletic L, Spalj S, Rogic D, Ruzic L, Alajbeg I. Effect 
of L-arginine dietary supplementation on salivary urea 
concentration and pH in physically active individuals. 
Australian Dental Journal. 2013;58:491–497.

21. Burne RA, Marquis RE. Alkali production by oral bac-
teria and protection against dental caries. FEMS Micro-
biology. 2000:1-6.

22. Santarpia RP, Lavender S, Gittins E, Vandeven M, 
Cummins D, Sullivan R. A 12-week clinical study as-
sessing the clinical effects on plaque metabolism of a 
dentifrice containing 1.5%arginine, an insoluble cal-
cium compound and 1,450 ppm fluoride. Am J Dent. 
2014;27:100-5.

23. Wang XL, Cheng CY, Peng D, Wang B, Gan YH. Dental 
plaque pH recovery effect of arginine bicarbonate rinse 
in vivo. hin J Dent Res. 2012;15:115-20.

24. Leading the way in the fight against cavities. Brit Dent 
J. 2014;481:217. Available at http://www.nature.com/
bdj/journal/v217/n8/full/sj.bdj.2014.942.html Accessed 
on 02/06/2015.

25. Cummins D. The development and validation of a new 
technology, based upon 1.5% arginine, an insoluble 
calcium compound and fluoride, for everyday use in 
the prevention and treatment of dental caries. J Dent. 
2013;41:S1-11.

26. Kraivaphan P,· Amornchat C, · Triratana T, · Mateo LR, 
Ellwood R, · Cummins D et al. Two-Year Caries Clini-
cal Study of the Efficacy of Novel Dentifrices Contain-
ing 1.5% Arginine, an Insoluble Calcium Compound 
and 1,450 ppm Fluoride. Caries Res. 2013;47:582-590.

27. Souza ML, Cury JA, Tenuta LM, Zhang YP, Mateo LR, 
Cummins D et al. Comparing the efficacy of a denti-
frice containing 1.5% arginine and 1450 ppm fluoride 
to a dentifrice containing 1450 ppm fluoride alone 
in the management of primary root caries. J Dent. 
2013;41:S35-41.

28. Srisilapanan P, Korwanich N, Yin W, Chuensuwonkul 
C, Mateo LR, Zhang YP et al. Comparison of the effi-
cacy of a dentifrice containing 1.5% arginine and 1450 
ppm fluoride to a dentifrice containing 1450 ppm flu-
oride alone in the management of early coronal caries 

as assessed using Quantitative Light-induced Fluores-
cence. J Dent. 2013;41:S29-34.

29. Yin W, Hu DY, Li X, Fan X, Zhang YP, Pretty IA et al. 
The anti-caries efficacy of a dentifrice containing 1.5% 
arginine and 1450 ppm fluoride as sodium monofluor-
ophosphate assessed using Quantitative Light-induced 
Fluorescence (QLF). J Dent. 2013;41:S22-8.

30. Hu DY, Yin W, Li X, Feng Y, Zhang YP, Cummins D 
et al. A clinical investigation of the efficacy of a denti-
frice containing 1.5% arginine and 1450 ppm fluoride, 
as sodium monofluorophosphate in a calcium base, on 
primary root caries. J Clin Dent. 2013;24:S:23-31.

Source of Support: Nil; Conflict of Interest: None

Submitted: 12-01-2016; Published online: 01-02-2016


