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Abstract 

Objective: To evaluate the influence of gustatory stimuli on the buffering capacity of saliva. 
Material and Methods: The buccal ph of 18 male volunteers aged 18-35 years was measured 
after a mouthwash with 20 ml of water as a control, and in individual disposable cups they 
collected the saliva for two minutes. Then, each of chewed bubble gum with sugar for two 
minutes, discarding the gum and made new collection of saliva, for two minutes in other 
disposable cups individualized. After collection, each volunteer was again subject to regular 
brushing with toothpaste and waited another ten minutes. The same procedure was repeated 
with all other substances. Salivary buffer capacity was determined by Ericsson technique. Data 
were submitted to analysis of variance and the means were compared by the Scott-Knott 
grouping test and Mann-Whitney test at 5% probability. Estimates of Pearson correlations were 
calculated in order to determine possible associations between the variables. Results: It was not 
found statistically significant differences between the initial pH variation and after eating food 
(p>0.05), or between gustatory stimulation and variation of salivary buffer capacity (p>0.05). 
Conclusion: There is no influence of gustatory stimulus aroma and flavor on the variation of 
salivary buffer capacity. 
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Introduction 

Saliva is an important fluid in the body secreted by three pairs of larger salivary glands; the 

parotid, submandibular and sublingual. These glands secrete an average of 1.500 ml of saliva per day 

[1]. The salivary composition consists of several substances such as: lingual lipase, alpha salivary 

amylase and mucins, which aid in digestion, lubricate the food and protect oral mucosa. Immune 

globulin A (IgA) is an antibody that helps fight against viral and bacterial infections, is also present 

in saliva. Saliva also has other benefits such as facilitating swallowing, keeping mouth moist, 

dissolving molecules that stimulate buds, and the buffers in the saliva help to balance oral pH, with 

7.0 being the normal pH in a secretion salivary at rest [2]. 

The gustatory sense is considered a chemical sense, because of its receptors that are caused 

by chemical stimulants present in food. Together with the olfactory sense, gustatory sense works on 

the perception of flavours. Each food activates a different combination of basic flavours. Many of 

these foods have a distinct taste as their taste and aroma. There are other sensory peculiarities that 

contribute to taste, such as texture and temperature of food [3]. 

The gustatory apparatus has as one of its functions, to provide stimuli to the salivary glands 

of the mouth. When the food is ingested, the gustatory stimulus, acting through reflexes transmitted 

in the brain, helps determine the amount of salivary secretion [4]. 

Reduced salivary flow is usually associated with a low buffering capacity, which can cause 

infections of the oral mucosa and periodontal disease. The salivary buffering capacity (SBC) is an 

important factor for dental caries resistance. A buffered system resists changes in pH occurring with 

the formation of acidic and basic ions, for example, by the fermentation of sugars, thus influencing 

the appearance of cavities. The most important salivary buffers are the carbonic acid/bicarbonate 

system and the phosphate system [2]. 

Dental caries is a disease with a higher prevalence in people with a low SBC, being a disease 

that begins before the development of the clinically detectable lesion. It affects all age groups and 

social classes, and even though there is a decline in disease rates at the end of the 20th century, a 

major public health problem is still considered by the World Health Organization [5]. 

The emergence of dental caries comes from a set of factors that interact with the tooth 

surface, such as dietary carbohydrates, saliva and plaque microorganisms. However, not all 

individuals have a similar propensity for the development of dental caries. The individual variability 

of caries risk is mainly related to the diet consumed and to the number of carcinogenic 

microorganisms present in bacterial plaque and saliva [6]. 

The acidity or sugar of various foods has little influence on salivary buffer capacity and 

gustatory stimuli provided by the food, whether pleasant or not, increase the salivary buffer capacity, 

and the pleasant taste (to the one who ingests the food) is a potentiate of buffering capacity and, lack 

of gustatory stimulus, characterized when people are indifferent or when they do not taste, as in the 

case of water is responsible for the worst buffer capacity [7]. 
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There are not many reports in the literature correlating the buffering capacity of saliva to 

gustatory stimuli, and it is important to analyze whether or not the food interferes with salivary 

buffer capacity [8,9]. Within this context the aim of this study was to verify if the taste stimuli 

provided by the food interfere in the salivary buffer capacity (SBC) and the salivary pH. 

 
Material and Methods 

Study Design 

This is an in vitro experimental study, developed between August and December 2014, in the 

multidisciplinary research laboratory at University Centre Cesmac. 

 
Sample 

For the accomplishment of the study were selected 18 people of the masculine gender with 

age between 18 and 35 years. The statistical parameters regarding the choice of volunteers were 

non-probabilistic, for convenience. All volunteers in the study had all healthy teeth. 

 
Data Collection 

Participants received a sensory evaluation sheet with an acceptance test, which evaluates 

how much they like or dislike a particular product. This test has a scale of 0 to 9, between extremely 

disliked and extremely enjoyed, and all participants had to score as to the taste and aroma of certain 

foods [10]. 

All participants were instructed to sit comfortably and wait five minutes before the start of 

the collections. Each participant made a mouthwash with 20 mL of water as a control and in 

individual disposable cups collected the saliva for two minutes. Then, each volunteer chewed a sugar-

sweetened chewing gum for two minutes, then collecting saliva for another two minutes in other 

individualized disposable cups. 

After the collection, each volunteer again brushed with toothpaste and waited another ten 

minutes, this being the method used for the standardization of the test and also for the buccal pH to 

stabilize after that waiting period [11]. 

The same procedure was repeated with all other substances: unsweetened chewing gum; 

chocolate with and without sugar; soda cola with and without sugar; olive oil; pure milk; natural fruit 

juice; fruit juice sweetened, noting that the products tasted were standardized, in relation to the 

brand, type of product, quantity and flavour. 

In parallel to the consumption of each substance, the volunteers answered a questionnaire on 

aroma and taste, assigning the numerical values of the hedonic scale [7]: (9) like extremely; (8) like 

very much; (7) like moderately; (6) like slightly; (5) neither like nor dislike; (4) dislike slightly; (3) 

dislike moderately; (2) dislike very much and (1) dislike extremely. 

At the end of the experiment, a water-based mouthwash was performed as final control, and 

a saliva sample was collected from each volunteer. Each sample was subjected to a pH measurement 

with triplicate colorimetric strips (MQuant®, Merck KGaA, Darmstadt, Germany) [12]. 
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For the determination of SBC, the saliva/acid ratio was increased [13]. From each saliva 

sample, 1ml was pipette into the test tube containing 3ml hydrochloric acid (0.005M). The tube was 

then sealed with a rubber stopper and shaken for one minute on a mechanical tube shaker. 

Subsequently, the tubes were left on the shelf for ten minutes unopened in order to eliminate the 

carbon dioxide formed in the mechanical agitation. Only then the pH of the salivary sample was 

measured, and the SBC recorded as optimal when it had pH ≥ 5.6, regulate with pH between 4.5-5.5 

and poor when pH ≤ 4.5 [14]. 

 

Statistical Analysis 

The data were submitted to analysis of variance and the means were compared by the Scott-

Knott group test at 5% probability. The Mann-Whitney test at 5% probability was applied to 

evaluate the hypothesis of equality between the initial SBC and the SBC after the food consumption 

and to detect if there is a difference between the initial SBC and the final SBC. This same test was 

also applied to evaluate the hypothesis of equality between initial pH of saliva and pH after food 

intake. In order to determine possible influences among the variables, estimates of Pearson 

correlations were calculated. All analyzes were performed using the Genes® software [15]. 

 

Ethical aspects 

This study was approved by the Committee of Ethics in Education and Research of 

University Centre Cesmac (Protocol No. 741.227). After explaining the nature of the research, the 

volunteers signed the informed consent form. 

 

Results 

The evaluation of SBC in the initial and final (water) control of the experiment indicated that 

there were no differences between these variables, thus demonstrating reliability in the experiment. 

It was observed that there is a difference between initial salivary buffer capacity and SBC after food 

consumption (p<0.05). 

The mean values of initial SBC, SBC after food consumption, SBC variation, aroma and 

flavour of the different foods studied are shown in Table 1. There was a significant difference 

between foods, aroma and flavour variables. In general, it was observed that the foods that presented 

the highest averages were: sugar chewing gum, diet chewing gum, chocolate with sugar, chocolate 

without sugar. The results obtained show that there was no statistical difference between the foods 

in relation to the SBC variation. 

 

Table 1. Salivary buffering capacity means, aroma and flavour in relation to the sensorial analysis. 
Foods iSBC* foodSBC** SBCVar*** Aroma Flavor 
Sugar-Sweetened Chewing Gum 5.39a 5.94a 0.56ª 7.28ª 7.72b 
Unsweetened Chewing Gum 5.42a 6.14a 0.72ª 6.72b 8.11a 
Chocolate with Sugar 5.42a 6.14a 0.72ª 8.00a 8.56a 
Chocolate without Sugar 5.44a 6.03a 0.58ª 7.44ª 7.17b 
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Soda Cola 5.42a 5.86a 0.44ª 6.61b 7.50b 
Soda Cola without Sugar 5.42a 5.75a 0.33ª 6.22b 5.44c 
Pure Milk 5.39a 5.97a 0.58ª 5.78b 3.67d 
Olive Oil 5.39a 6.14a 0.75ª 6.67b 6.94b 
Natural Fruit Juice 5.42a 5.92a 0.50ª 5.89b 4.83c 
Fruit Juice Sweetened 5.42a 5.97a 0.57ª 6.28b 6.05c 

*iSBC= initial SBC; **foodSBC= SBC after food intake; ***SBCVar= SBC variation. Means followed by the same letter in the column do 
not differ statistically from each other by the Scott-Knott grouping test at the 5% probability level. 
 

Estimates of correlations between the variables demonstrated that there was a strong and 

positive correlation (p <0.01) between SBC after food consumption and SBC variation (r = 0.9875), 

between flavour and taste (r = 0.8528) and between initial SBC and pH variation (r = -0.7276). In the 

latter case it is important to note that the negative sign in Pearson correlation coefficient (r) 

indicates that these two variables are inversely proportional. No correlation was found between pH 

and variation in SBC. No correlation was found between the initial salivary pH and salivary pH after 

food intake, ie, food consumption did not influence pH. It was possible to observe that the gustatory 

stimulus (aroma and flavour parameters) did not influence the SBC variation (r = 0.4398 and r = 

0.4481, respectively) and pH variation (r = 0.2203 and r = 0.973, respectively) (Table 2). 

 

Tabel 2. Estimates of Pearson correlations (r) among variables related to sensory analysis. 
Food pH iSBC* foodSBC** SBCVar*** Aroma Flavor pHV**** 

pH - -0.1405 0.2066 0.2364 0.2203 0.4973 0.2426 
iSBC - - -0.0945 -0.2397 0.2321 0.2314 -0.7276¥ 
foodSBC - - - 0.9875¥ 0.4896 0.4891 0.2171 
SBCVar - - - - 0.4398 0.4481 0.3233 
Aroma - - - - - 0.8528¥ 0.2829 
pHV - - - - - 0.2048 - 

*iSBC= initial SBC; **foodSBC= SBC after food intake; ***SBCVar= SBC variation; ****pH= pH variation; ¥: Significant at 1% by the t 
test. 
 

Regarding the variation between initial pH and pH after food intake, it was found that there 

was a significant difference (p<0.05) in chewing sugar and sugar-free chewing gum products. The 

other foods did not show differences between the pH variations (Table 3). 

 

Table 3. Initial pH and pH after food intake means. 
Food Initial pH Food pH 
Sugar-Sweetened Chewing Gum 7.3889* 7.8056* 
Unsweetened Chewing Gum 7.3889** 7.9167** 
Chocolate with Sugar 7.3889 7.5278 
Chocolate without Sugar 7.3889 7.4444 
Soda Cola 7.3889 7.5833 
Soda Cola without Sugar 7.3889 7.4722 
Pure Milk 7.3889 7.5000 
Olive Oil 7.3889 7.4167 
Natural Fruit Juice 7.3889 7.4444 
Fruit Juice Sweetened 7.3889 7.5278 

* and ** They differ statistically from each other by the Mann-Whitney test at the 5% probability. 
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Discussion 

The similarity between the conditions found in initial and final controls suggests that there 

was no interference from plaque removal performed by the various brushings (ten minutes waiting to 

eliminate intervention between foods) or from the action of toothpaste components (such as fluoride 

and abrasive based baking soda) on the results of the experiment [11]. 

The influence of the SBC gustatory stimulus obtained in the present study differs from the 

results found in other studies that suggest that there is interference between gustatory stimuli for 

different foods, describing that food taste varied in the SBC [7]. It is important to point out that 

further research is needed to ascertain the role of diet in SBC, to salivate and to relate them to the 

onset and evolution of dental caries. It is also necessary that the sample is formed only by male 

volunteers, since the hormonal variation can influence the gustatory stimuli of the woman [7]. 

These indications corroborate with the present study, which was performed with a larger 

number of volunteers, all of them male. These constraints may have led to changes in the results 

obtained when compared with other studies [7]. 

The non-influence of juice consumption on pH variation differs from results found in other 

studies, in which a reduction of pH was observed [16]. After 5 minutes of juice ingestion, 3 children 

in the study had pH below that value, and the other 28 children had pH above that value. According 

to the same author the elevation of pH may have occurred because the stimulation of the salivary 

flow produced by the juice, which has an extremely low pH, or by sugars. 

It is noteworthy that articles described, did not develop the same methodology, of the 

present study, diverging volunteer’s ages, approach and procedures developed. This corroborates the 

differences found. Several papers have been published related to the determination of SBC, salivary 

flow, dental erosion, gustatory stimuli correlated to salivary flow and pH [17]. 

In addition to these approaches mentioned above, there are several articles related to 

gustatory stimuli with another theme among them, taste perception in patients with stroke [16]; 

evaluation of taste perception before and after physical exercise [19]; effect of the association of 

flavour and music on the mood of children and the influence of the aroma of the food [20,21]. 

However, there are few reports on the influence of salivary buffer capacity evaluation on gustatory 

stimuli, which certainly hinders the discussion of the present research and at the same time evidences 

its importance. 

 

Conclusion 

No correlation was found between pH and buffering capacity variation, evidencing that there 

is no influence between them. There was no correlation between initial pH of saliva and the pH of 

saliva after ingestion of the food, that is, food consumption did not influence the pH. It was observed 

that the taste stimulus did not influence the salivary buffer capacity variation and the pH variation, 

only the chewing gum and sugar-free chewing gum products promoted a significant difference. It is 

worth noting that other studies are necessary, relating gustatory stimuli and salivary buffer capacity, 
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preferably with a larger number of volunteers, which would allow the individualized analysis of the 

influence of the taste stimulus resulting from a specific food in relation to salivary buffer capacity. 

 

Financial Support: None. 

Conflict of Interest: The authors declare no conflicts of interest. 

 

References 

[1] Lussi A, Ganss C. Erosive Tooth Wear: From Diagnosis to Therapy. Switzerland: Karger Medical and 
Scientific Publishers; 2014. 

[2] Dodds M, Roland S, Edgar M, Thornhill M. Saliva A review of its role in maintaining oral health and 
preventing dental disease. BDJ Team 2015; 2:11-3. https://doi.org/10.1038/bdjteam.2015.123 

[3] Webb AG. Modern Magnetic Resonance. London: Springer International Publishing AG; 2017. 
[4] Vicario C, Sommer W, Kuran KA, Rafal RD. Salivary secretion and disgust: A pilot study. Acta Psychol 

2017; 178:18-24. https://doi.org/10.1016/j.actpsy.2017.05.007 
[5] Heymann HO, Swift Junior EJ, Ritter AV. Sturdevant’s Art & Science of Operative Dentistry. Canada: 

Elsevier; 2013. 
[6] Mendes HJ, Matos PES, Bastos JRM. Dental caries and socioeconomic inequalities in Brazil. Rev 

Saúde.com 2016; 12(1):454-62. [Article in Portuguese] 
[7] Moimaz SAS, Garbin CAS, Aguiar AAA, Silva MB. Saliva buffering capacity against different gustative 

stimuli. Rev Fac Odontol Lins 2002; 14(1):19-23. [Article in Portuguese] 
[8] Vantipalli UK, Avula SSJ, Enuganti S, Bandi S, Kakarla P, Kuravadi RV. Effect of three commercially 

available chewing gums on salivary flow rate and pH in caries-active and caries-free children: An in vivo 
study. J Indian Soc Pedod Prev Dent 2017; 35(3):254-9. 
https://doi.org/10.4103/JISPPD.JISPPD_256_16 

[9] Karami-Nogourani M, Kowsari-Isfahan R, Hosseini-Beheshti M. The effect of chewing gum's flavor on 
salivary flow rate and pH. Dent Res J 2011; 8(Suppl1):71-5. 

[10] Garber Jr LL, Hyatt EM, Nafees L. The effects of analogous food color on perceived flavor: A factorial 
investigation. J Food Prod Market 2016; 22(4):486-500. 
https://doi.org/10.1080/10454446.2015.1072866 

[11] Montanuci LMGM, Volpato LER, França DCC, Aguiar SMHCA, Machado MAAM. Effect of different 
chewing gum brands on the salivary pH of children. Pesqui Bras Odontopediatria Clin Integr 2013; 
13(1):23-9. https://doi.org/10.4034/pboci.2013.131.04 

[12] Naveen S, Asha ML, Shubha G, Bajoria AA, Jose AA. Salivary flow rate, pH and buffering capacity in 
pregnant and non-pregnant women – A comparative study. JNDA 2014; ID 506946. 
https://doi.org/10.5171/2014.506946 

[13] Ericsson Y, Hardwick L. Individual diagnosis, prognosis and counselling for caries prevention. Caries 
Res 1978; 12(Suppl 1):94-102. https://doi.org/10.1159/000402436 

[14] Leal ADO, Rolim JIDA, Muniz IDAF, Muniz IDAF, Farias IAP. Study of salivary parameters’study of 
pregnant women. Odontol Clin Cient 2013; 12(1):39-42. 

[15] Cruz CD. GENES - a software package for analysis in experimental statistics and quantitative genetics. 
Acta Sci 2013; 3(35):271-6. https://doi.org/10.4025/actasciagron.v35i3.21251 

[16] Jha A, Radha G, Rekha R, Pallavi SK. Assessing the acidity and total sugar content of four different 
commercially available beverages commonly consumed by children and its time-dependent effect on 
plaque and salivary pH. J Indian Assoc Public Health Dent 2015; 13(2):188-92. 
https://doi.org/10.4103/2319-5932.159065 

[17] Galina P, Sorin A, Simona S, Angela G, Irina N, Claudiu T, et al. The effect of xylitol-based oral 
hygiene products on saliva parameters and bacterial biofilm carioactivity. Rom J Oral Rehabil 2017; 
9(2):9-15. 

[18] Alves LMT, Dantas OR. Taste perception in stroke patients. Rev CEFAC 2011; 13(6):1081-5. 
https://doi.org/10.1590/S1516-18462011005000098 



 Pesqui. Bras. Odontopediatria Clín. Integr. 2019; 19:e4107 

 

8 

[19] Tucci HT, Felicio LR, Amorim SS, Shiguemoto GE, Cordello HMAB. Avaliação da percepção do 
estímulo gustativo antes e após exercício físico. Rev Al Nutri 2001; 12(1):55-68. [Article in Portuguese] 

[20] Bueno VF, Bergamasco NHP. Effect of the association of taste and music on the mood of children. Estud 
Psicol 2008; 25(3):385-93. https://doi.org/10.1590/S0103-166X2008000300007 

[21] Ployon S, Morzel M, Canon F. The role of saliva in aroma release and perception. Food Chem 2017; 
226:212-20. https://doi.org/10.1016/j.foodchem.2017.01.055 


