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Effect of mastication on flow and properties of saliva
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Purpose: The purpose of this study was to evaluate the effect of the mastication for meal on the flow rate and
property of secreted saliva.

Materials and Methods: Forty-six subjects participated this research with informed consent. Stimulated and
unstimulated saliva were collected 30 minutes before a meal. Unstimulated saliva was also collected 0, 10, 20,
30, and 60 minutes after a meal. Amount of the collected saliva was measured and flow rate was calculated.
The pH and buffering capacity of saliva were evaluated using a commercially available kit.

Results: Salivary flow rate, pH and buffering capacity of stimulated saliva were higher than those of
unstimulated saliva collected 30 minutes before a meal. The flow rate, pH and buffering capacity of the
unstimulated saliva collected just after meal (0 minute) were statistically higher than those 30 minutes before and
20, 30, and 60 minutes after a meal.

Conclusion: It was concluded that the stimulation induced by the intake of a meal affected flow rate, pH and
buffering capacity of unstimulated saliva up to 10 minutes.

(Asian Pac J Dent 2012; 12: 1-5.)
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Introduction

Dental caries is a transmittable infectious disease and S. mutans is considered one of the primary pathogens in
its development because of acidogenic and aciduric properties. Also, dental caries is a multifactorial disease
which starts with microbiological shifts within the complex biofilm and is affected by salivary flow and
composition."? The signs of the carious demineralization are seen on the dental hard tissues, but the disease
process is initiated within the bacterial biofilm (dental plaque) that covers a tooth surface.! After the exposure of
the sugar, the decrease and subsequent increase in pH of dental plaque is known as Stephan curve.’ Since fluid
phase of dental plaque contains more calcium and phosphate than saliva, the critical pH for the fluid phase of
dental plaque has been calculated to be as low as 5.1.* Once plaque is exposed to carbohydrate, its pH may
decrease to as low as 4.0 within a few minutes, which leads to continued mineral dissolution until the plaque pH
rises above the critical pH.’

The caries risks include physical, biological, environmental, behavioral, and lifestyle-related factors such as
high numbers of cariogenic bacteria, inadequate salivary flow, insufficient fluoride exposure, poor oral hygiene,
inappropriate methods of feeding infants, and poverty.! The saliva plays an important role in the neutralization
of acids produced within the dental plaque and in the remineralization of demineralized enamel areas.® Many
components in saliva are taken up preferentially by dental biofilm and protect the enamel surface.”

There are many researches about salivary flow, pH, and buffering capacity as a role of prevention against
dental caries. Among them, dynamics of flow rate, pH, and buffering capacity before and after a meal seem to
be important factors for the risk of caries. The purpose of this study was to evaluate the effect of the mastication

for meal on flow rate and property of secreted saliva.
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Materials and Methods

Subjects

Forty-six subjects were participated this research with informed consent. They were 29 males and 17 females
(aged from 18 to 53, mean age 23.6 years) without any oral or systematic disease. The research protocol was
approved by Ethical Committee of Faculty of Dentistry, Tokyo Medical and Dental University, Tokyo, Japan.
Before the experiment, meal, smoking, oral rinse, and tooth brushing were prohibited for two hours. Each
participant was examined oral condition and DMF-T was calculated. Experiment was started between 11 a.m.
and noon.
Collection of saliva

The subjects were seated comfortably with eyes open, head tilted slightly forward.” For collection of
stimulated whole saliva, spitting method was employed with chewing a piece of unflavored paraffin pellet as a
stimulant for 5 minutes. Saliva was allowed to accumulate in the floor of the mouth and the subjects spitted it
out into the graduated test tube. Amount of the saliva was measured and recorded. Then, each subject was
instructed to rest for 5 minutes and to minimize orofacial movements after collecting the stimulated whole
saliva.” Then unstimulatd saliva was collected from each subject by spitting method without any stimulant.

After collection of stimulated and unstimulated saliva, each subject had a meal which was a rice bowl and
green tee. Time for meal was varied among 18 and 53 minutes (mean 23.6 minutes). The period of 0, 10, 20, 30,
and 60 minutes after the meal, unstimulated saliva was collected by same method. The flow rate of saliva was
calculated.
Evaluation of pH and buffering capacity

The pH and buffering capacity of the stimulated and unstimulated saliva were measured using a commercially
available kit (Checkbuf, J. Morita, Kyoto, Japan).*'" After calibration at pH 4.0 and 7.0, an aliquot of 0.25 mL
saliva was placed on the pH-sensor of a hand-held pH meter of Checkbuf and the initial pH value was directly
measured. A vial of 0.25 mL lactic acid (15 mmol/L, pH 3.0) from the kit was titrated into the tested saliva
sample and mixed using an automixer for 30 s. Further 0.25 mL saliva sample was added to the original
saliva-acid solution and mixed for 30 s. Then the pH was measured and was determined as the salivary

buffering capacity. Obtained data was statistical analyzed by the paired t-test (p<0.05).

Results

Flow rate, pH, and buffering capacity of stimulated saliva and unstimulated saliva at each period were shown
in Figs. 1-3 respectively. Although flow rate, pH, and buffering capacity of the stimulated saliva varied among
the subjects, they are higher than those of unstimulated saliva collected 30 minutes before a meal.

Despite no correlation between DMF-T and buffering capacity of stimulated saliva (r=0.07524, r°=0.0057,
P=0.6192), the correlation coefficient was statistically significant between buffering capacities of stimulated and
unstumulated saliva collected before 30 minutes before a meal (r=0.03227, r’=0.1041, P=0.0287).

The flow rate, pH, and buffering capacity of the unstimulated saliva collected just after meal (0 minute) was
statistically higher than those before 30 minutes of meal. Twenty minutes after a meal and later, the flow rate,
pH, and buffering capacity of the unstimulated saliva were statistically lower than those 0 minute and 10 minutes

after a meal and showed no differences compared with the unstimulated saliva 30 minutes before a meal.
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Fig. 1. Salivary flow rate of each period. Horizontal bars showed no statistical differences.
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Fig. 2. The pH of each collected saliva. Horizontal bars showed no statistical differences.
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Buffering capacity of each collected saliva. Horizontal bars showed no statistical differences.



Mori et al. Asian Pac J Dent 2012; 12: 1-5.

Discussion

The multiple functions of saliva play a significant role in the prevention of dental caries.’® Saliva is
responsible for the acid clearance from dental plaque, which depends primarily on the velocity of the salivary
film flowing over the plaque.” The ability of the biofilm to sequester calcium, phosphate, and fluoride from the
saliva and exogenous sources allows enamel to undergo remineralization after periods of demineralization.”

The production of acids by microorganisms within the dental plaque continues until the carbohydrate substrate
is metabolized.” It is also known that the pH of the plaque goes from acidic to normal or the resting level within
a few minutes and depends on the presence of saliva.” This is due primarily to the carbonate and phosphate pH
buffering agents in saliva.>'*"

Saliva is constituted mainly by the secretions of the three paired major salivary glands: the parotid;
submandibular; and sublingual. The minor salivary glands and the gingival fluid are also contributed to salivary
secretions. Unstimulated whole saliva is the mixture of secretions that enter the oral cavity without exogenous
stimuli. It is composed of secretions from both major and minor mucous glands but it also contains gingival
crevicular fluid, desquamated epithelial cells, bacteria, leukocytes, and possibly food residues, blood, and viruses.
Stimulated saliva is secreted in response to masticatory or gustatory stimulation.'* The salivary flow rate is
influenced by many factors, such as the degree of hydration, body position, exposure to light, previous

stimulation, circadian and circannual rhythms, gland size, and drug use.'*

The period of 0 and 10 minutes after
a meal, the unstimulated saliva showed higher flow rate, pH and buffering capacity than those of unstimulated
saliva collected before 30 minutes of meal. However, there were no differences in flow rate, pH and buffering
capacity among collected saliva before 30 minutes and 20, 30, and 60 minutes after a meal. Stimuli of
mastication induced by the meal affected them up to 10 minutes, then gradually reducing. The higher level of
salivary flow rate, pH, and buffering capacity immediately after meal may contribute to the prevention of the
demineralization with the acid produced by oral bacteria with food.

Submandibular glands contribute for unstimulated saliva about 60%. When flow is stimulated, the parotid

> During sleep, the salivary flow rate is negligible.'” Taste stimulation is a

glands’ contribution increases.'
much more effective salivary stimulus than is chewing alone.'"® The effect of the gustatory stimulation induced
by intake of foods is much more important than the mechanical stimulation by chewing in producing the flow of
saliva. For optimal oral health, food and drink should remain in the mouth for as short a time as possible. The
most important time for people to brush their teeth is just before bedtime, because salivary flow is negligible
during sleep and the protective effects of saliva are lost.’” From the results of this study, tooth brushing is also
recommended after 20 minutes after a meal, since high flow rate, pH, and buffering capacity were maintained
after 10 minutes of meal.

It was concluded that the stimulation of mastication for meal affected flow rate, pH, and buffering capacity of

unstimulated saliva up to 10 minutes.

Acknowledgment
This work was partially supported by the grant from the Japanese Ministry of Education, Global Center of Excellence Program,
“International Research Center for Molecular Science in Tooth and Bone Diseases.”

References
1. Selwitz RH, Ismail Al, Pitts NB. Dental caries. Lancet 2007; 369(9555): 51-9.

2. Garcia-Godoy F, Hicks MJ. Maintaining the integrity of the enamel surface: the role of dental biofilm, saliva and preventive
agents in enamel demineralization and remineralization. J Am Dent Assoc 2008; 139: 25S-34S.



Mori et al. Asian Pac J Dent 2012; 12: 1-5.

3. Stephan RM, Miller BF. A quantitative method for evaluating physical and chemical agents which modify production of acids
in bacterial plaques on human teeth. J Dent Res 1943; 22: 45-51.

4. Dawes C. What is the critical pH and why does a tooth dissolve in acid? J Can Dent Assoc 2003; 69: 722-4.

5. Dawes C. Salivary flow patterns and the health of hard and soft oral tissues. J Am Dent Assoc 2008; 139: 18S-24S.

6. Stookey GK. The effect of saliva on dental caries. J Am Dent Assoc 2008; 139: 11S-7S.

7. Navazesh M. Methods for collecting saliva. Ann NY Acad Sci 1993; 20: 694: 72-7.

8. Kitasako Y, Moritsuka M, Foxton RM, lkeda M, Tagami J, Nomura S. Simplified and quantitative saliva buffer capacity test

using a hand-held pH meter. Am J Dent 2005; 18: 147-50.
Moritsuka M, Kitasako Y, Burrow MF, lkeda M, Tagami J, Nomura S. Quantitative assessment for stimulated saliva flow rate
and buffering capacity in relation to different ages. J Dent 2006; 34: 716-20.

10. Kitasako Y, Burrow MF, Stacey M, Huq L, Reynolds EC, Tagami J. Comparative analysis of three commercial saliva testing
kits with a standard saliva buffering test. Aust Dent J 2008; 53: 140-4.

11. Kitasako Y, Burrow MF, Huqg LN, Stacey MA, Reynolds EC, Tagami J. A simplified quantitative test-adapted Checkbuf
test--for resting saliva buffering capacity compared with a standard test. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2009; 108: 551-6.

12. Stephan RM. Changes in hydrogen-ion concentration on tooth surfaces and in carious lesions. J Am Dent Assoc 1940; 27:
718-23.

13. Englander HR. Shklair IL, Fosdick LS. The effects of saliva on the pH and lactate concentration in dental plagues. I.
Caries-rampant individuals. J Dent Res 1959; 38: 848-53.

14. Edgar M, Dawes C, O’'Mullane. Saliva and oral health. 3rd ed. London: British Dental Association; 2004. p.32-49.

15. Shannon IL. Parotid fluid flow rate as related to whole saliva volume. Arch Oral Biol 1962; 7: 391-4.

16. Dawes C, Wood CM. The contribution of oral minor mucous gland secretions to the volume of whole saliva in man. Arch
Oral Biol 1973; 18: 337-42.

17. Schneyer LH, Pigman W, Hanahan L, Gilmore RW. Rate of flow of human parotid, sublingual, and submaxillary secretions
during sleep. J Dent Res 1956; 35: 109-14.

18. Watanabe S, Dawes C. A comparison of the effects of tasting and chewing foods on the flow rate of whole saliva in man.
Arch Oral Biol 1988; 33: 761-4.

Correspondence to:

Dr. Masayuki Otsuki
Cariology and Operative Dentistry, Graduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University
1-5-45 Yushima Bunkyo-ku, Tokyo 113-8549, Japan
Fax: +81-3-5803-0195 E-mail: otsuki.ope@tmd.ac.jp
Accepted December 29, 2011.
Copyright ©2012 by the Asian Pacific Journal of Dentistry. Online ISSN 2185-3487, Print ISSN 2185-3479



