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Objectives: Consumption of caffeinated and non-caffeinated beverages may influence salivary flow rate and pH, 
thereby affecting oral health. However, evidence regarding their short-term effects on salivary characteristics is 
still limited. This study aimed to assess and compare the impact of caffeinated and non-caffeinated beverages on 
salivary flow rate and pH among undergraduate dental students.  
Materials and Methods: A randomized controlled trial was conducted among 60 undergraduate dental students, 
who were randomly divided into four groups: Group A (tea - caffeinated), Group B (carbonated soft drink - 
caffeinated), Group C (milk - non-caffeinated), and Group D (fruit juice - non-caffeinated). The salivary flow rate 
was assessed at baseline, immediately, 5 minutes, and 15 minutes after consumption of beverages. A digital pH 
meter was used to measure the salivary pH. Data were analyzed with descriptive statistics, Kruskal Wallis and 
post hoc Bonferroni test. 
Results: Total 60 students participated with mean age 22.22 ± 0.90 years, and female dominance (n = 44, 73.3%). 
No significant difference was observed among the groups at baseline. However, the group-wise comparison of 
salivary flow rate immediately and 5 minutes after beverage consumption showed a significant difference (p = 
0.005). Pairwise comparison revealed a significant difference between Group A and Group B at both time 
intervals (p = 0.003). Similarly, salivary pH demonstrated a highly significant difference (p < 0.001) immediately 
after consumption and a significant difference (p = 0.02) at 15 minutes post-consumption. Pairwise comparison 
indicated significant differences immediately after consumption between Group A vs Group B, Group B vs Group 
C, and Group B vs Group D, while after 15 minutes a significant difference was observed only between Group B 
and Group D (p < 0.05). 
Conclusions: Tea consumption increased salivary flow rate, whereas soft drink consumption decreased it. 
Salivary pH decreased following the intake of both caffeinated and non-caffeinated beverages. 
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Introduction 

Saliva plays a vital role in maintaining oral health by its 
self-cleansing activity for cleaning food debris and 
lubricating oral mucosa. Additionally, it maintains a neutral 
pH in the mouth by buffering action and thus protects the 
teeth from decay.1 Among the salivary parameters, salivary 
flow rate and pH are essential parameters that reflect oral 
and systemic health conditions.2  

Salivary pH typically ranges from 6.7 to 7.4. However, 
when oral bacteria metabolize carbohydrates, they 
produce acids such as lactic, butyric, and aspartic acids, 
which lower the salivary pH. Once the pH drops below the 
critical threshold of 5.5, these acids start to demineralize 
the tooth enamel. Prolonged exposure of teeth to an acidic 
environment increases the risk of dental caries.3 

A decrease in salivary flow, known as hyposalivation, 
can impair essential protective functions such as acid 
buffering, oral cleansing, and antimicrobial activity. This can 
raise the risk of dental caries, periodontal disease, and oral 
infections including candidiasis. Reduced salivary flow 
allows for prolonged acid exposure and microbial growth, 
accelerating enamel demineralization and plaque 

accumulation. It also diminishes the mouth’s ability to 
neutralize acids and clear debris. Hence, adequate salivary 
flow is essential for maintaining oral health.4 

The role of diet is well recognized in promoting oral 
health and preventing oral diseases. Dietary habits, 
especially the intake of various beverages, can significantly 
affect salivary composition and function. Beverages may 
alter salivary pH and flow rate, impacting the mouth’s 
ability to neutralize acids, cleanse debris, and protect 
teeth.5 Among these, caffeinated beverages such as coffee, 
tea, and carbonated drinks are widely consumed, especially 
among young adults.6 Caffeine stimulates the central 
nervous system and has diuretic characteristics. Caffeine 
lowers salivary flow by direct effects on the salivary glands, 
effects on the autonomic nervous system, or diuresis and 
dehydration.7,8  

Despite the widespread consumption of these 
beverages, there were very few studies have been 
conducted to evaluate the comparative effects of 
caffeinated and non-caffeinated beverages on salivary flow 
rate and pH. The findings of the studies revealed the 
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caffeinated beverages have significant impact in alteration 
of salivary parameters. Which may further increase the risk 
of developing dental caries and other condition like tooth 
erosion. Hence, diet counselling particularly for 
consumption of such beverages is vital in field of preventive 
dentistry.5,9-10 

Hence, this study was conducted with an aim to 
evaluate and compare the effect of caffeinated and non-
caffeinated beverages on salivary flow rate and salivary pH 
among undergraduate dental students. The result of this 
study may be utilized for oral health education and dietary 
counseling programs. 

The null hypothesis of this study is that there is no 
significant impact on salivary flow rate and salivary pH 
following the consumption of caffeinated and non-
caffeinated beverages. 

Materials and Methods 

Study Design, Subjects, Setting and Duration 
This study was a randomized controlled trial (RCT). 

Study adheres to the Consolidated Standards of Reporting 
Trials (CONSORT) guidelines for the reporting of clinical 
trials.  The study was conducted among 60 undergraduate 
students posted in the Department of Public Health 
Dentistry Department of Government Dental College and 
Hospital, Ahmedabad, over three months, between March 
and May, 2025. 

Inclusion Criteria 
1. Healthy male and female undergraduate students. 
2. Subjects with no history of salivary gland disorders. 
3. Subjects not on medications known to affect salivary 

secretion (e.g., antihistamines, antidepressants). 
4. Subjects who had refrained from eating or drinking for 

at least 1-2 hours prior to sample collection. 

Exclusion Criteria 
1. Subjects with systemic diseases known to influence 

salivary flow (e.g., diabetes mellitus, Sjögren’s 
syndrome). 

2. Subjects who had undergone dental treatment within 
the past month (e.g., fluoride application, mouthwash 
use). 

3. Subjects with active oral infections or ulcerations at the 
time of examination. 

4. Subjects who were not willing to give the consent. 

Sample Size Estimation 
The sample size was estimated at two tailed, 95% 

confidence interval, 95% power of the study, and default 
effect size of 0.5, using G-power software (version 3.1.9.7, 
Heinrich- Heine-University, Germany). The estimated 
sample size was 54, which was rounded off to 60. Study was 
conducted among two primary groups with four subgroups. 
Hence, sample size in each subgroup was 15 patients. 

Random Allocation of Study Group and Blinding 
Randomization was carried out using a computer-

generated random sequence to allocate participants into 
four study groups, ensuring an equitable and unbiased 
distribution of subjects. A total of 60 individuals were 

randomly assigned to two primary beverage categories: 
caffeinated and non-caffeinated. The caffeinated group 
comprised 30 participants and was further subdivided into 
tea (n = 15) and carbonated drink (n = 15). Similarly, the 
non-caffeinated group included 30 participants, divided 
into plain milk (n = 15) and fruit juice (n = 15) (Figure 1). 
Allocation concealment was maintained using sequentially 
numbered, sealed envelopes to prevent selection bias. The 
allocation process was implemented by a third party from 
Department of Public Health Dentistry who was not 
involved in outcome assessment or data analysis. Blinding 
was applied during outcome assessment, where the 
principal investigator responsible for measuring salivary 
flow rate and salivary pH was blinded to the group 
allocation. Participant’s blinding was not feasible due to the 
nature of the intervention involving consumption of 
different beverages. 

Test Beverage Preparation  
Tea was prepared using commercially available black 

tea leaves brewed in boiling water for a duration of 5 
minutes and allowed to cool to room temperature before 
consumption. No additional sugar or additives were 
included. The carbonated soft drink and whole milk used in 
the study were purchased from the local market. Both 
beverages were served at room temperature and used as 
supplied without any dilution. Fresh orange juice was 
prepared from natural oranges without the addition of 
sugar or preservatives. All beverages were standardized to 
a volume of 200 mL prior to consumption. 

Data Collection and Intervention 
The subjects were advised to complete their routine 

tooth brushing at least two hours prior to sample collection 
and to avoid the use of mouthwash before the 
appointment. The subjects were also instructed to report at 
least one hour after breakfast to reduce variability related 
to recent food intake. Additionally, the subjects were 
instructed to maintain their usual hydration status and 
avoid excessive water intake immediately before sample 
collection. Since this was a short-duration study assessing 
immediate effects, formal assessment of hydration status 
was not performed. All saliva samples were collected in the 
morning hours to minimize the influence of circadian 
variation on salivary flow rate and pH. 

Subjects were instructed to sit comfortably in an upright 
position prior to saliva collection. They were asked to rinse 
their mouths with plain water and wait for five minutes to 
remove any residual food debris and stabilize baseline 
salivary conditions. After the waiting period, unstimulated 
saliva samples were collected. The subjects sat with their 
heads slightly bowed forward and expectorated saliva 
through a sterile funnel into a sterile calibrated test tube for 
a duration of one minute. The volume of saliva collected per 
minute was recorded and used to calculate the salivary flow 
rate. 

Baseline unstimulated saliva samples were obtained 
before beverage consumption. Each subject was then 
provided with a fixed quantity of 200 mL of the allocated 
beverage, which was consumed over a period of five 
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minutes. Following beverage consumption, unstimulated 
saliva samples were collected at three post-consumption 
time intervals:  
1. Immediately after consumption,  
2. 5 minutes after consumption, and  
3. 15 minutes after consumption.  

During the observation period, subjects were not 
allowed to consume any additional food or beverages. 

Salivary pH was measured immediately after sample 
collection at four different time intervals using a calibrated 

digital pH meter (SIGMA Digital pH meter, Sigma-Aldrich, 
India). To ensure accuracy, the pH meter was calibrated 
daily prior to sample analysis using standard analytical 
buffer solutions of pH 4.0 and pH 7.0. Each salivary sample 
was measured in duplicate, and the mean value was 
recorded for statistical analysis to improve reliability. All 
measurements were performed at room temperature, and 
samples were analyzed immediately after collection to 
minimize temperature-related variability. 

 

 

Figure 1. Consort flow diagram. 

 
Statistical Analysis 
The data were analyzed using the Statistical Package for 

Social Sciences (SPSS version 23, IBM, Chicago, USA). The 
normality of the data was checked by using Kolmogorov 
Smirnov test, which showed P < 0.05; indicating non-normal 
distribution of data. Hence, the data was analyzed using 
non parametric tests. The Kruskal Wallis test was employed 
for comparisons among the groups at different time 
intervals. Followed by post-hoc analysis using Bonferroni 
correction. The level of significance was set at 5%. 

Ethical Clearance and Permission 
The study received ethical approval from the 

Institutional Ethics Committee of Government Dental 
College and Hospital, Ahmedabad, Letter No: IEC GDCH/ 
PHD.6 /2025. The study followed the principles mentioned 
in the Declaration of Helsinki. Written informed consent 
was obtained from the willing participants after explaining 
the purpose and method of study.  

 

Result 

All enrolled 60 subjects completed the study. No 
dropouts or protocol deviations occurred, as the study 
evaluated immediate outcomes within a short observation 
period of 15 minutes following beverage consumption. The 
age of participants ranged from 21-25 years, with a mean 
age of 22.22 ± 0.90 years. Majority of the participants were 
female 44 (73.30%). The group-wise distribution of 
demographic characteristics is presented in Table 1. 

Table 2 presents the groupwise comparison of salivary 
flow rate at different time intervals. No statistically 
significant difference (p = 0.44) was observed in the salivary 
flow rate among groups at baseline. Immediately after 
beverage consumption, a statistically significant difference 
was observed (p < 0.05). The mean salivary flow rate was 
highest in Group A (1.69 ± 0.39; median = 1.80), and lowest 
in Group B (1.18 ± 0.31; median = 1.00). A significant 
difference was also observed after 5 minutes (p < 0.05). The 
mean salivary flow rate was highest in Group A (1.42 ± 0.33; 
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median = 1.50) and lowest in Group B (1.04 ± 0.20; median 
= 1.00). 

Table 3 shows the pairwise comparison of salivary flow 
rate immediate and after 5 minutes of consumption. 
Pairwise significant difference was observed only for pair 
Group A vs Group B at immediate (p = 0.003) and 5 minutes 
after beverage consumption (p = 0.003). In contrast the 
remaining pair comparisons show no statistically significant 
differences (p > 0.05). 

Table 4 presents the groupwise comparison of salivary 
pH at different time intervals. At baseline, the salivary pH 
values among four groups showing no statistically 
significant difference (p = 0.09). Immediately after the 
beverage consumption the lowest mean salivary pH was 
recorded in Group B (6.75 ± 0.16; median = 6.80), and 

highest in Group C (7.27 ± 0.14; median = 7.20) showing a 
highly statistically significant difference (p < 0.001).  After 
15 minutes of beverage consumption the lowest mean 
salivary pH was recorded in Group A (7.39 ± 0.20; median = 
7.40) and B (7.39 ± 0.15; median = 7.40) while highest in 
Group D (7.54 ± 0.14; median = 7.60) showing a statistically 
significant difference (p = 0.02).   

Table 5 presents the pairwise comparison of salivary pH 
immediately and 15 minutes after beverage consumption. 
Immediately after consumption, statistically significant 
differences were observed between Group A vs Group B (p 
= 0.004), Group B vs Group C (p = 0.001) and Group B vs 
Group D (p = 0.001). At 15 minutes after consumption, a 
significant difference was observed only between Group B 
and Group D (p = 0.04). 

 
Table 1. Demographic characteristics of the study subjects 

Variable Group A (n = 15) Group B (n = 15) Group C (n = 15) Group D (n = 15) 

Age (in years) 
Mean ± SD 22.53 ± 1.19 21.80 ± 0.76 22 ± 0.86 22.53 ± 0.52 
Gender n (%) 
Male (n = 16) 4 (26.67%) 5 (33.33%) 4 (26.67%) 3 (20.00%) 
Female (n = 44) 11 (73.33%) 10 (66.67%) 11 (73.33%) 12 (80.00%) 

 
Table 2. Groupwise comparison of salivary flow rate at different time intervals  

Time interval Groups Mean ± SD (mL/min) Median (mL/min) p value† 

Baseline A (Tea) 1.38 ± 0.38 1.50 0.44 
B (Soft drink) 1.51 ± 0.43 1.50 
C (Milk) 1.48 ± 0.34 1.50 
D (Fruit juice) 1.60 ± 0.39 1.50 

Immediate A (Tea) 1.69 ± 0.39 1.80 0.005* 
B (Soft drink) 1.18 ± 0.31 1 
C (Milk) 1.37 ± 0.32 1.30 
D (Fruit juice) 1.33 ± 0.43 1.20 

After 5 minutes A (Tea) 1.42 ± 0.33  1.50 0.005* 
B (Soft drink) 1.04 ± 0.20  1 
C (Milk) 1.31 ± 0.30  1.40 
D (Fruit juice) 1.27 ± 0.32  1 

After 15 minutes A (Tea) 1.36 ± 0.28 1.50 0.53 
B (Soft drink) 1.24 ± 0.30 1.20 
C (Milk) 1.36 ± 0.29 1.50 
D (Fruit juice) 1.31 ± 0.23 1.50 

†Kruskal Wallis test; *p < 0.05 significant 

 
Table 3. Pairwise comparison of salivary flow rate at immediate and after 5 minutes of beverage consumption 

Comparison groups 
Immediate After 5 minutes 

Mean Difference Δ (p value) Mean Difference Δ (p value) 

A-B 0.51 (0.003*) 0.38 (0.003) 
A-C 0.32 (0.385) 0.11 (1.00) 
A-D 0.36 (0.075) 0.15 (0.979) 
B-C 0.19 (0.590) - 0.27 (0.064) 
B-D 0.15 (1.00) - 0.23 (0.228) 
C-D 0.04 (1.00) 0.04 (1.00) 

Post-hoc analysis by Bonferroni correction; *p < 0.05 significant 
 

Discussion 

Saliva serves as a vital biological fluid in maintaining 
oral homeostasis through its protective, lubricating, and 
buffering actions.1 The current study was carried out to 

evaluate and compare the effects of caffeinated and non-
caffeinated beverages on salivary flow rate and salivary 
pH among undergraduate dental students. The findings of 
the study provide valuable insights into how commonly 
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consumed beverages influence salivary physiology, which, 
in turn, can affect oral health status. 

The acidogenic potential of dietary constituents is 
influenced by several factors, one of the most significant 
is the presence of organic acids in fruits and beverages, 

which can adversely affect dental hard tissues.11 
Consumption of such beverages often results in a fall in 
salivary pH, and reduce salivary flow creating conditions 
favorable for demineralization of enamel and increasing 
susceptibility to dental caries.12  

 

Table 4. Groupwise comparison of salivary pH at different time intervals  

Time interval Groups Mean ± SD Median p value 

Baseline A (Tea) 7.45 ± 0.17 7.50 0.09 
B (Soft drink) 7.57 ± 0.13 7.60 
C (Milk) 7.54 ± 0.19 7.50 
D (Fruit juice) 7.59 ± 0.15 7.60 

Immediate A (Tea) 7.01 ± 0.16 7.00 <0.001** 
B (Soft drink) 6.75 ± 0.16 6.80 
C (Milk) 7.05 ± 0.15 7.00 
D (Fruit juice) 6.99 ± 0.22 7.00 

After 5 minutes A (Tea) 7.23 ± 0.14 7.20 0.09 
B (Soft drink) 7.13 ± 0.15 7.10 
C (Milk) 7.27 ± 0.20 7.20 
D (Fruit juice) 7.27 ± 0.14 7.20 

After 15 minutes A (Tea) 7.39 ± 0.20  7.40 0.02* 
B (Soft drink) 7.39 ± 0.15 7.40 
C (Milk) 7.41 ± 0.17 7.40 
D (Fruit juice) 7.54 ± 0.14 7.60 

Kruskal Wallis test; *p < 0.05 significant; **p < 0.001 highly significant 

 
Table 5. Pairwise comparison of salivary pH at immediate and after 15 minutes of beverage consumption 

Comparison groups 
Immediate After 15 minutes 

Mean Difference Δ (p value) Mean Difference Δ (p value) 
A-B 0.26 (0.004) 0 (1.00) 
A-C -0.04 (1.00) -0.02 (1.00) 
A-D 0.02 (1.00) -0.15 (0.05) 
B-C -0.30 (0.001*) -0.02 (1.00) 
B-D -0.24 (0.003*) -0.15 (0.04*) 
C-D 0.06 (1.00) -0.13 (0.12) 

Post-hoc analysis by Bonferroni correction; *p < 0.05 significant 

 
At baseline, the mean salivary pH and flow rate values 

observed in the study population were consistent with 
those reported in previous studies conducted in India,5,11 
indicating comparability of the sample characteristics. 

In present study, salivary flow rate increased 
significantly after tea consumption which was in line with 
findings of Shetty SS et al.13 The enhanced salivary 
secretion can be attributed to multiple factors. Tea 
contains polyphenols and caffeine, both of which 
stimulate gustatory receptors and enhance reflex 
salivation. In addition, the mild acidity of tea may further 
augment salivary secretion.14,15 Tea was cooled to room 
temperature and consumed in this study however, in real-
world settings the tea is consumed at the warm 
temperature which may typically provide additional 
thermal stimulation. With respect to pH, a slight but non-
significant reduction was noted after tea intake, similar 
findings were observed in study conducted by Virk J et al.9 
This limited acidogenicity may be explained by the 
presence of milk, which supplies calcium, phosphate, and 
lactose, all of which exert neutralizing or buffering effects, 
thereby minimizing pH fluctuations. 

The salivary flow rate decreased after carbonated soft 
drink consumption in the present study, contrasting with 
previous studies that reported increased flow due to 
gustatory and mechanical stimulation from sweetness, 
acidity, and carbonation.5,16 The observed reduction might 
be attributed to caffeine's moderate xerogenic impact or 
the immediate suppressive influence of high acidity 
creating a subjective sensation of dryness.10 This variation 
may also be explained by inter-individual variability, 
hydration state, and measurement time variances. 
Similarly, carbonated soft drink consumption resulted in 
an immediate and significant decrease in salivary pH (6.75 
± 0.16), consistent with its high intrinsic acidity (pH 2–3) 
and substantial sugar content (10.6 g/100 mL). These 
properties contribute to its high cariogenic and erosive 
potential, findings consistent with earlier research.5,16  

In the present study, a slight reduction in salivary flow 
rate was observed after milk consumption. This finding 
contrasts with the results reported by Hans R et al.5 The 
observed reduction may be attributed to the viscous 
nature of milk, which coats the oral surfaces and 
transiently suppresses salivary stimulation. Furthermore, 
the mucoadhesive properties of milk proteins, such as 
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casein and whey, may contribute to a decreased 
perception of salivary stimulation.17 The reduction in 
salivary pH following milk consumption was negligible and 
not statistically significant, aligning with previous studies 
demonstrating that the intrinsic pH of milk is close to 
baseline salivary levels.18 Thus, milk in its natural state 
maintains a near-neutral to slightly alkaline environment 
with very low acidogenic potential. Collectively, these 
findings suggest that milk exerts a protective role in 
maintaining oral pH homeostasis and has low cariogenic 
potential. 

Fruit juice intake resulted in a reduction in both 
salivary flow rate and pH, although the decrease in pH was 
not statistically significant. Previous studies consistently 
demonstrate the acidogenic potential of fruit juices, 
though the magnitude varies depending on juice type, 
processing, and temperature. Hans R et al. observed a 
comparable pH drop accompanied by an increase in 
salivary flow rate, contrasting finding was observed in 
present study.5 Banan L K et al. reported grape juice as the 
most acidogenic, with temperature influencing the extent 
of pH reduction.19 Nazir et al. highlighted that processed 
juices prolonged the acidic challenge compared to fresh 
juices.20 These differences underscore the influence of 
juice composition and individual buffering capacity on oral 
responses. 

The current study was limited by its short-term design, 
single exposure to each beverage, and a relatively small, 
homogeneous sample, which may restrict the 
generalizability of the findings. In addition, participants 
were aware of the beverages they consumed and no 
blinding was performed, which may have introduced 
potential bias. The lack of complete standardization of 
beverages, including factors such as composition and 
temperature, may also have influenced the salivary 
responses. Longitudinal studies with larger and more 
diverse populations are therefore recommended to 
validate these findings. Future research should also 
consider variables such as habitual beverage consumption 
patterns and individual salivary characteristics.  

Despite these limitations, the results emphasize the 
impact of dietary choices on salivary parameters and their 
potential implications for oral health. The significant 
reduction in salivary pH observed after consumption of 
carbonated beverages highlights the potential risk for 
enamel demineralization when such beverages are 
consumed frequently. Clinically, repeated episodes of 
reduced salivary pH may increase the risk of dental caries 
and dental erosion, particularly when exposure occurs 
multiple times throughout the day. Therefore, from a 
preventive perspective, individuals should be advised to 
limit the frequency of consumption of acidic and 
carbonated beverages and avoid frequent sipping, as 
repeated exposure prolongs the acidic challenge in the 
oral cavity.21 Practical dietary recommendations may 
include preferring beverages with lower acidogenic 
potential, consuming such drinks during meals rather than 
between meals, and rinsing the mouth with water after 
intake to help restore oral pH. 

From a public health perspective, these findings 
reinforce the need for oral health education and dietary 
counseling programs, particularly among adolescents and 
young adults who are frequent consumers of 
commercially available beverages. Public health 
messaging should emphasize awareness about the 
acidogenic and cariogenic potential of carbonated and 
processed beverages, while encouraging the consumption 
of relatively protective beverages such as milk or tea with 
milk. Integrating such messages into community and 
institutional oral 

health promotion programs may contribute to 
reducing the risk of dental caries and erosion and promote 
healthier beverage choices among the population. 

Conclusions 

Within the limitation of the present study, it can be 
concluded that different beverages produce varying 
immediate effects on salivary parameters. Tea and milk 
maintained near-neutral salivary pH and showed 
relatively stable salivary flow rates, whereas fruit juice and 
carbonated beverages, particularly Carbonated soft drink, 
resulted in a notable immediate reduction in salivary pH 
and flow rate. These findings suggest that certain 
beverages may temporarily alter the oral environment. 
However, since the study evaluated short-term effects 
following a single exposure, further longitudinal studies 
are required to determine the long-term clinical 
implications for oral health. 
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