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Little Color, Little Flavor of Different kinds of Commercially 
Available Flavored Milk and their Consumption Effect on 
Salivary pH Value in Children: An In Vivo Study
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Ab s t r ac t​
Aim: This study aimed to compare the effect of different flavored kinds of milk on salivary pH value in 6 to 14 years old children.
Materials and methods: The impact of these different kinds of flavored milk on the salivary pH is evaluated between two groups of children, 
caries-active group (n = 35) constituted children who had decayed missing filled tooth (DMFT) ≥2, and the caries-free group (n = 35) constituted 
children who had DMFT = 0. Four different flavors of milk are taken for the study, and plain sweetened milk is chosen as the control baseline. 
The endogenous pH of the salivary samples is measured at baseline and after consumption of the flavored milk immediately and then at 5-, 
10-, 15-, and 30-minute intervals. The results are statistically analyzed by using the paired t-test and analysis of variance (ANOVA).
Results: It is shown in the present study that caries-active group subjects had a more evident salivary pH fall than the caries-free group subjects 
which was statistically significant. For caries-active group, subject’s salivary pH value took a longer duration to return to baseline pH as compared 
to caries-free subjects. However, salivary pH value is restored to standard/baseline value after 30 minutes for all the flavored milk taken in both 
groups; hence, their intake can be regarded safe for the oral environment.
Conclusion: It is concluded from the current study that the consumption of flavored milk can be considered as non-cariogenic for children.
Clinical significance: In the present study, the salivary pH fall in both caries-active and caries-free subjects was found above the critical pH 
level. Hence, all these flavored milk used in the study did not cause a threat to oral environment health as there was no significant decrease in 
salivary pH value so their consumption can be regarded as safe for children.
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In t r o d u c t i o n​
A microbial disease of the calcified tissues of the teeth, characterized 
by demineralization of the inorganic portion and destruction of the 
organic substance of the tooth is called dental caries.1 In India, about 
80% of children and 60% of adults suffer from this disease.2 The 
factors including routine dietary habits, amount of saliva generated 
in the oral cavity, immune status of the body, various oral habits like 
smoking, oral microorganisms, the periodontal status of the teeth, 
and genetic makeup of an individual are among the main causes 
for dental caries.3 The oral cavity has saliva which maintains the 
probity of teeth by the use of its buffering action and by controlling 
the demineralization and promoting remineralization occurring 
continuously at the enamel surface.4

The stable pH of saliva is 6.7–7.4 but as oral bacteria breakdown 
the carbohydrate, they release organic acids like lactic acid, butyric 
acid, and aspartic acid which lower’s down the pH of saliva. When 
the salivary pH value in the mouth goes below its critical level 
(i.e., salivary pH 5.5), these organic acids begin to breakdown the 
hard enamel on the tooth surface. The more the tooth surface is 
exposed to a low cariogenic and acidogenic salivary pH, the more 
faster is the risk for the development of tooth decay.5 Research 
studies like that of Vipeholm6 on the connection between sugars 
(carbohydrates) and dental caries have concluded that agents 
such as the physical form of substrate, oral clearance capacity, 
and frequency of in-between-meal consumption are equally 
responsible for causing caries.

A child’s health and nutrition is based on the same concepts 
as nutrition for adults. Although children today need different 

amounts of some specific nutrients, such as vitamins, minerals, 
carbohydrates, proteins, and fats at different growing stages, a 
good diet is one that provides adequate nutrition and is necessary 
for a child’s growth and development.7 For a growing young child, 
milk is the most important form of nourishment. From birth to 
adolescence and beyond, for people both rich, affluent, and poor. 
Today, however, many children do not prefer drinking milk without 
any additives because of which consumption of these “Flavored 
Milk” is gaining a continuous alarming interest. Flavored milk 
contains 8% or more added artificial sugar. Increasing the regular 
consumption of these sweetened flavored milk in the past two 
decades raises the question about the dental acidogenicity of 
these kinds of milk.8
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Reasons for the increasing use of these products could be the 
commercialized brands who claim that the addition of their flavor 
to milk makes the drink much tastier and healthier. A gray area still 
exists with not much text regarding the effects of flavored milk on 
oral health. All these flavored milk can have a harmful effect on 
oral health that mandates the need for further research in this field. 
According to World Health Organization, 6–14 years is the index 
age group for global monitoring as children are in their learning 
years, health education regarding their dietary food patterns could 
be easily learned and improved at this age.9 Therefore, targeting 
6- to 14-year-old children seems to be a reasonable choice for the 
current study.

Ai m​
To evaluate and compare the variations in salivary pH values after 
the consumption of different kinds of commercially available 
flavored milk at various time intervals.

Ob j e c t i v e s​
To evaluate which flavored milk is potentially more cariogenic in the 
oral cavity and to analyze the changes in salivary pH values after 
consumption of these different kinds of flavored sweetened milk 
in children with and without dental caries.

Mat e r ia  l s a n d Me t h o d s​
The present study protocol was permitted by the ethical committee 
of Saraswati Dental College, Lucknow. Clinical examination and 
visual inspection were done for patients who attended the Out- 
patient Department (OPD) of Pediatric and Preventive Dentistry at 
Saraswati Dental College and Hospital and from various schools 
in Lucknow city, and their DMFT/dmft index was recorded. Based 
on DMFT/dmft index, a sample of 70 children aged 6–14 years was 
divided into two experimental groups: Children with dental caries 
group I (n = 35) and children without dental caries group II (n = 35). 
Informed consent was also obtained from the parents/guardians of 
the children selected for the study. A preliminary survey was carried 
out to choose the most preferred flavors among children. They 
were given options of six commercially marketed Amul flavored 
milk 200 mL with 8 g of sugar (badam, kesar, pista, chocolate, 
coffee, strawberry, and mango) and were asked to select any four. 
The majority of students chose chocolate, coffee, mango, and 
strawberry flavors; thus, these products were used in the following 
study along with plain sweetened milk which was taken as a control 
baseline in the study. The quantity of sugar added to plain milk 
was matched to the commercially available flavored milk, i.e., 8 g 
of sugar per 100 mL of plain milk.

Caries active children group I (DMFT ≥2) and caries-free group II 
(DMFT = 0) children were further divided into five subgroups based 
on the test flavored milk (mango, strawberry, coffee, and chocolate) 
and plain sweetened milk (control group), thereby involving 14 
participants for each experimental group (7 each from group I 
and group II).

To standardize the quality of salivary samples, all the children 
involved in the study were instructed not to consume anything 
orally for 2 hours preceding the appointment. For the collection 
of unstimulated saliva samples, the children were asked to relax 
and sit comfortably and then spit the saliva in disposable cups to 
record the baseline value of salivary pH. After the baseline control 
score was recorded, beverages were tested on all group children. 

The children were told to drink the beverages directly from a 
glass without using a straw to ensure a substantial effect of the 
intervention in the oral cavity. After intake of different beverages, 
immediately, salivary pH value was measured using a bench-type 
pH meter (Hanna instrument) having an accuracy of ±pH 0.1.

Salivary pH value was then measured at intervals of 5, 10, 
15, and 30 minutes post-exposure by collecting saliva in sterile 
disposable containers to avoid any contamination of the sample. 
The pH-sensitive electrode of the pH meter was dipped in the 
saliva sample for the reading. The digital reading of the pH 
meter was allowed to stabilize for a few seconds, and then pH 
readings were recorded. The electrode was then cleaned with 
distilled water and placed in a standard solution (normal saline) of 
pH 7 to ensure continuous stable readings and provided a constant 
check on the drift.

Re s u lts​
The average baseline salivary pH value for children with dental 
caries (group I) was 5.98 while for children without dental caries 
(group II) was 6.85.

Baseline and at all the follow-up intervals, group I had 
significantly lower pH as compared to group II for all the flavors as 
well as for plain sweetened milk (Figs 1 and 2). Maximum pH drop 
was observed at immediate consumption for all the flavored milk 
taken in both group I and group II subjects (Figs 1 and 2). However, 
the salivary pH value did not drop below the critical pH level in both 
the groups (Figs 1 and 2) and gradually rose toward baseline in 30 
minutes of the time interval.

After 5 minutes of consumption of all the beverages, the mean 
increase in salivary pH value toward baseline was significantly 
higher in group II subjects as compared to group I subjects (p < 
0.05) (Table 1).

Evaluation of inter-flavor differences at different time intervals 
in both groups showed a consistent difference at all time intervals. 
At all-time intervals (immediate, 5, 10, 15, and 30 minutes) all the 
flavored milk showed significantly lower pH as compared to plain 
sweetened milk (Fig. 3). In terms of acidity (lower pH), mango and 
strawberry flavors showed higher pH drops as compared to coffee 

Fig. 1: Mean salivary pH changes in saliva after consumption of different 
test beverages from baseline through 30 minutes in group I study 
population
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and chocolate flavors which were comparable to plain sweetened 
milk at all the time intervals.

Di s c u s s i o n​
The cariogenic potential of dietary constituents is also dependent 
upon factors such as organic acids present in various fruit and 
beverages, which can potentially damage the child’s dentition.

Saliva plays an important role in oral health maintenance. 
It has flushing and neutralizing effects commonly referred to as 
“salivary clearance” or “oral clearance capacity” (Lagerlof and 
Oliveby, 1994).10 Theoretically, saliva can affect the incidence of 
dental caries in four general ways, firstly by mechanical cleaning 
of teeth and flushing out the debris which results in less formation 
and accumulation of dental plaque, secondly by reducing enamel 
dissolution by means of calcium, phosphate, and fluoride action, 
thirdly by buffering and neutralizing the organic acids produced 
by cariogenic organisms or introduced directly through the diet, 
and finally by anti-bacterial activity.11,12 It controls the equilibrium 
stabilization between demineralization and remineralization in a 
cariogenic environment.

Critical pH is defined as, the pH level above which calcium 
salts present on tooth surface would not be dissolved from teeth 
(under mouth conditions) and below which decalcification of tooth 
would take place.13,14 Stephen suggested the range for critical pH as 
5.0–5.5, whereas Mcintyre (1998)15 suggested the range for critical 
pH as 5.2–5.5. However, the usual resting pH of saliva ranges from 
6.7–7.4.16–18

Milk is an ideal constituent in the balanced diet of children. 
When compared to plain sweetened milk, various commercially 
available flavored milk are gaining a lot of popularity among 
children. The consumption of these flavored milk may lead to 
a reduction in the salivary pH value, which may further lead to 
decalcification and demineralization of the tooth as a result of 
the acid produced, the cariogenic challenge that makes the 
tooth surface more prone to decalcification and dental caries 
attack.19,20

In the present study, the overall mean resting (baseline) pH 
of saliva for the healthy caries-free subjects, group II (pH 6.8) was 
significantly higher than the caries-active subject, group I (pH 

5.9). This finding is like the salivary pH observed in earlier research 
studies by Saigal et al.,21 and Schatele et al.22 From the present 
study, it was also noted that at baseline, caries-active group I had 
significantly lower baseline pH as compared to caries-free group II, 
for all the flavors as well as for plain sweetened milk. The probable 
cause of lower baseline pH in the caries group could be due to the 
more acidogenic oral environment making it an essential factor 
in the development of dental caries.23,24 This correlates with the 
findings observed by Preethi et al.24 The result of their study showed 
that mean resting salivary pH was found to be higher in the caries-
free than in the caries-active group.25

At all the time intervals after the consumption of different kinds 
of flavored milk and plain sweetened milk, the pH in caries-active 
group I was significantly lower than group II (caries-free) which 
could be due to significant low baseline pH in caries-active group I 
which causes higher fall at various time intervals irrespective of the 
flavors taken. This observation was similar to one made by Stephan 
in 194426 and by Vrastsanos and Mandel in 198227 who found that 
in caries-free individuals, oral saliva pH value did not fall below 
its critical pH level after a glucose rinse. The possible explanation 
could be that in a caries-active group (DMFT ≥2) the salivary pH fall 
is increased due to the presence of dental caries, so neutralization of 
organic acids by saliva is a long procedure making them high caries 
risk individuals which are in agreement with the previous studies 
done by Azrak et al.,28 Rodriquez,23 and Anisimova et al.29 which 
brings to light the fact that recovery back to baseline was quicker 
in caries-free subjects than caries-active individuals.

The conclusion from the current study shows that the maximum 
fall in salivary pH value occurred immediately after the consumption 
of milk irrespective of the flavor taken or the study group (cases or 
control). This higher drop could be attributed to the relatively lower 
natural pH of these commercially available flavored milk.

While comparing salivary pH changes at different time intervals, 
it was observed that a significant pH drop in saliva with respect to 
the baseline pH value occurred till 10 minutes for mango flavored 
milk in both cases and control group as well as in the overall study 
population. Hence, based on the above findings, it was elicited that 
mango flavored milk causes a maximum fall in salivary pH value 
while the plain sweetened milk causes a minimum fall in salivary 

Fig. 2: Mean salivary pH changes in saliva after consumption of different 
test beverages from baseline through 30 minutes in group II study 
population

Fig. 3: Mean salivary pH changes in saliva after consumption of different 
test beverages from baseline through 30 minutes in the overall study 
population
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pH value which is in agreement with other previous studies done 
by Khodadadi et al.14

The order of acidogenicity could be ranked as follows:

Mango > > > >Strawberry Chocolate Coffee Plain sweetenedmilk

The end result of the present study also indicates that the 
addition of these flavors to the milk does not cause any considerable 
changes in salivary pH value after their consumption. Immediately 
after their intake, salivary pH value was reduced, but soon after 
that at various time intervals, it started to rise gradually toward the 
baseline, and this increase continued till 30 minutes indicating that 
these flavored milk are non-acidogenic and non-cariogenic for the 
oral health of children.

However, still more studies are needed with a larger sample 
size and recording of pH changes for the duration of 30 minutes 

to 1 hour to test the individual ingredients of these flavored milk 
available in the market. Oral salivary pH assessment methods 
alone can only indicate the cariogenic potential of foodstuff and 
possibly its acidogenic potential.29 Therefore, further detailed 
in-depth studies by a combination of salivary pH value model with 
controls and use of in situ intraoral cariogenicity test (ICT) method 
are recommended to assess the cariogenic and acidogenic 
potential of all these flavored milk and also the course of changes 
in plaque pH can also be recorded for better assessment and 
evaluation.

Co n c lu s i o n​
It is concluded from this study that the consumption of flavored 
milk can be considered non-cariogenic for children.

Table 1: Comparison of pH at baseline and for different milk flavors at different time intervals between cases and controls

S. no.
Milk flavor/time 
interval

Cases (n = 35) Controls (n = 35) Statistical significance

Mean SD Mean SD “t” “p”
Mango flavor
1 Baseline 5.94 0.52 6.81 0.23 −9.14 <0.001
2 Immediately 5.38 0.44 6.26 0.35 −9.32 <0.001
3 5 minutes 5.54 0.34 6.36 0.39 −9.44 <0.001
4 10 minutes 5.75 0.36 6.56 0.36 −9.49 <0.001
5 15 minutes 5.80 0.38 6.75 0.33 −9.10 <0.001
6 30 minutes 5.90 0.38 6.80 0.24 −10.11 <0.001
Strawberry flavor
1 Baseline 6.00 0.52 6.86 0.23 −8.91 <0.001
2 Immediately 5.54 0.37 6.38 0.32 −10.18 <0.001
3 5 minutes 5.73 0.35 6.54 0.27 −11.00 <0.001
4 10 minutes 5.80 0.35 6.71 0.23 −11.43 <0.001
5 15 minutes 5.89 0.37 6.80 0.18 −10.83 <0.001
6 30 minutes 5.95 0.38 6.86 0.14 −10.81 <0.001
Coffee flavor
1 Baseline 6.01 0.52 6.86 0.23 −8.93 <0.001
2 Immediately 5.76 0.42 6.63 0.29 −10.17 <0.001
3 5 minutes 5.81 0.41 6.71 0.28 −9.58 <0.001
4 10 minutes 5.85 0.42 6.75 0.27 −9.25 <0.001
5 15 minutes 5.90 0.42 6.80 0.19 −8.87 <0.001
6 30 minutes 6.00 0.41 6.85 0.17 −9.09 <0.001
Chocolate flavor
1 Baseline 5.99 0.52 6.86 0.25 −8.91 <0.001
2 Immediately 5.65 0.44 6.57 0.23 −10.85 <0.001
3 5 minutes 5.80 0.44 6.71 0.19 −10.63 <0.001
4 10 minutes 5.85 0.45 6.75 0.19 −10.06 <0.001
5 15 minutes 5.90 0.44 6.80 0.14 −9.66 <0.001
6 30 minutes 5.99 0.42 6.86 0.14 −8.79 <0.001
Plain sweetened milk
1 Baseline 5.99 0.53 6.87 0.24 −8.94 <0.001
2 Immediately 5.80 0.44 6.70 0.24 −10.66 <0.001
3 5 minutes 5.85 0.43 6.75 0.22 −10.32 <0.001
4 10 minutes 5.90 0.45 6.80 0.22 −9.04 <0.001
5 15 minutes 5.95 0.43 6.82 0.19 −9.19 <0.001
6 30 minutes 5.99 0.41 6.87 0.17 −9.04 <0.001
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Cl i n i c a l Si g n i f i c a n c e​
In the present study, the salivary pH fall in both caries active and 
caries-free subjects was not significant to an extension of critical pH 
value. Hence, this flavored milk did not pose a commination as there 
was no significant fall in salivary pH value so their consumption can 
be regarded as safe and sound for children.
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