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Background: Saliva is one of the most important factors in regulating oral health, with
flow rate and composition changing throughout development and during dis-
ease. In view of the shortage of data, the present study aimed to shed light on
the relationship between unstimulated salivary flow rate and saliva composi-
tion of healthy children in Taiwan.

Methods: Forty-four normal, healthy children from 3-14 years of age were divided into
three age groups: pre-school, elementary school and junior-high school. All
participants received salivary flow rate, pH and saliva composition analysis
under unstimulated conditions. One-way ANOVA and Pearson’s correlation
were used. Statistical significance was set at p < 0.05.

Results: Our results suggest that, under unstimulated conditions, the salivary flow rate
of the elementary school group was greater than that of the pre-school group
(p < 0.05). No difference in pH was found among the three groups. Inter-
group salivary calcium, phosphorus and amylase did not reach statistical dif-
ference. As the flow rate increased, the pH increased (r = 0.364, p < 0.05)
but the protein level decreased (r = –0.473, p < 0.05). In addition, salivary
protein was positively correlated to age (r = 0.479, p < 0.05) and negatively
correlated to pH (r = –0.361, p < 0.01).

Conclusion: Age-related increase in the unstimulated salivary flow rate of pre-school and
elementary school groups was noted. As the flow rate increased, the pH
increased but the protein level decreased. The information obtained may
serve as reference values for the growing interest in saliva as a diagnostic
tool, especially monitoring those with neurological or oral motor dysfunc-
tion.
(Chang Gung Med J 2008;31:281-6)
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Saliva plays a critical role in maintaining oral
homeostasis; it modulates the ecosystem through

lubrication of the alimentary bolus, protection

against microorganisms, buffer and repair of the oral
mucosa, and helps in dental remineralization.
However, it receives little attention until quantity or
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quality is diminished.(1) Saliva is composed of organ-
ic, inorganic and macromolecules. Calcium and
phosphate ions are both involved in calculus forma-
tion and in protecting against caries. Salivary pro-
teins have protective antimicrobial, lubricative and
digestive functions, which provide a barrier between
toxins and oral soft tissues, and modulate salivary
calcium and phosphate chemistry.(2) Amylase is relat-
ed to digestive function and, to a certain extent, it
may play a role in modulating the adhesion of bacte-
rial species to the teeth.(3)

On average, unstimulated salivary flow rate is
0.3 mL/min in the general population.(1) The concen-
tration of various components of saliva is markedly
affected by variation in flow rate.(4-6) The variation of
salivary constituents over time may reflect hormonal
factors, external influences and systemic condi-
tions.(5,7) Previous investigations have shown that the
salivary flow rate fluctuates with the circadian
cycle.(4,7) It has been suggested that the unstimulated
flow rate may be at its maximum in the mid-after-
noon.(8,9) Moreover, variation of unstimulated whole
saliva flow rate over different time-spans and at dif-
ferent times of the year yield changes in flow rate.(7)

To avoid the circadian effect, obtaining saliva at the
same time of day is essential.

Evidence has suggested that there is great varia-
tion in individual salivary flow rates and that individ-
ualized measurements should be recorded as a base
reference after the age of 15 years.(1,10) Saliva has
been detected in babies soon after birth.(4,11) The flow
rate appears to increase up to the age of 5 years.(4)

The unstimulated salivary flow rate ranges from
0.22-0.82 ml/min in children to 0.33-1.42 ml/min in
adults.(1,10-15) The resting salivary flow rate increases
throughout childhood and may reflect a developmen-
tal process: a decrease during aging may suggest a
consequence of parenchymal atrophy.(15,16)

Previous literature shows the concentration of
various components of saliva is markedly affected by
variations in flow rate.(4,5) For example, as the flow
rate of the parotid gland increases above the unstim-
ulated rate, pH increases but potassium, calcium,
phosphate and protein decrease in adults.(4) At higher
flow rates, protein, pH and phosphate decrease, and
potassium remains unchanged in adults.(4)

Controversial findings were also reported by
Siqueira, indicating that the potassium ion is not
influenced by flow rate in children aged 6-10

years.(17) The differences in ionic composition suggest
further investigation is required.

Reports of unstimulated salivary flow rates in
healthy young children have been scarce and a grow-
ing interest in saliva as a diagnostic tool warrants
further investigation. To the best of our knowledge,
no previous studies have been devoted to this area of
interest. The purpose of the present study was to pro-
vide information pertaining to unstimulated salivary
flow rates and saliva composition in healthy children
aged 3-14 years in Taiwan.

METHODS

Subjects
Forty-four normal, healthy children ranging

from 3-14 years of age were selected from schools in
Tao-Yuan County in June 2004. Eighteen girls and
twenty-six boys with an average age of 7 years were
stratified into three groups: the pre-school group (3-5
years), the elementary school group (6-11 years) and
the junior-high school group (12-14 years).
Exclusion criteria included developmental delay,
auditory or visual dysfunction, known neurological
diseases and drug use. All participants received clini-
cal and laboratory assessments, and basic informa-
tion included age, gender and medical history.
Signed informed consent forms were obtained from
the custodial parent or guardian of the subject.
Salivary flow rate, pH and salivary composition
under unstimulated conditions were analyzed.

Laboratory assessment
Saliva collection and measurements

To minimize the effect of circadian rhythms, all
whole saliva samples were collected one hour after
lunch for the unstimulated condition. The child was
seated in a well-ventilated and well-lit room. The
head was kept at 45 degrees flexion with one hand
holding onto a pre-weighed disposable cup for 2
minutes or held by carers, in a calm atmosphere to
simulate unstimulated conditions. The saliva was
allowed to drip into the cup held to the lower lip. For
each trial, the collection continued for 2 minutes but
if the saliva sample was insufficient within 2 min-
utes, the collection was continued until 3 ml of saliva
per subject was obtained. An electronic device with
an accuracy of 0.1 gram (multi-function, portable
pocket scale, Taiwan) was used to weigh the cup to
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calculate the salivary flow rate (ml/min).
Immediately after collection of the specimen, the
sample was frozen in dry ice and transported to the
laboratory for further pH analysis.

Saliva composition analysis

The fresh saliva specimen was kept in an ice
bucket and sent to the laboratory for analysis within
one hour. The pH reading was recorded with a pH-
meter (Suntex SP-701, Taipei, Taiwan) and the pro-
tein was quantified by a bicinchoninic acid (BCA)-
protein assay kit in µg/ml. The calcium, phosphorus
and potassium ionic composition (Hitachi 7600-210,
Tokyo, Japan) and the enzyme amylase level (VIT-
ROS 250, Johnson & Johnson Company, U.S.A.)
were also examined.

Statistical analysis
Statistical analysis was performed with the

Statistical Package for the Social Sciences (SPSS for
Windows, version 10.0). One-way ANOVA was used
to analyze the differences in salivary flow rate and
saliva composition among the three groups.
Dunnett’s T3 test was used for post hoc comparison.
Pearson’s correlation was used to investigate the
associations between salivary flow rate, pH, protein
and age. Statistical significance was set at p < 0.05.

RESULTS

The unstimulated salivary flow rate for the pre-
school group ranged from 0.75 ml/min for the lowest

and 1.42 m/l/min for the highest. The rate for the ele-
mentary school group ranged from 1.36 m/l/min to
2.03 m/l/min, and the junior-high school group had a
range of 0.96 m/l/min to 1.53 m/l/min. The elemen-
tary school group produced higher salivary flow
rates than the pre-school group (p < 0.05, Table 1).

In reference to the pH value, we obtained 7.1
0.28 for the pre-school group, 7.44 0.30 for the
elementary school group and 7.24 0.32 for the
junior-high school group (Table 1). The inter-group
pH value was not significantly different among the
three groups.

For the macromolecules, the junior-high school
group had higher protein content in unstimulated
saliva than the elementary school group (p < 0.01,
Table 1) and the pre-school group (p < 0.05), while
the amylase analysis showed no inter-group differ-
ence. With respect to the analysis of inorganic com-
ponents, the potassium content of both the elemen-
tary school and the junior-high school groups was
significantly greater than that of the pre-school group
(p < 0.05). The salivary calcium and phosphorus lev-
els did not reach statistical differences among the
three age groups.

Pearson’s correlation analysis showed salivary
protein was positively correlated to age (r = 0.479,
95% CI: 0.216-0.828, p < 0.05, Table 2). The unstim-
ulated salivary flow rate was also positively correlat-
ed to pH (r = 0.364, 95% CI: 0.075-0.688, p < 0.05,
Table 2). Conversely, the protein content was nega-
tively correlated to the salivary flow rate (r = –0.473,
95% CI: –0.820 to –0.208, p < 0.05, Table 2) and the

Table 1. Salivary Flow Rate, pH, Protein and Composition under Unstimulated Conditions

3~5 years (Group A) 6~11 years (Group B) 12~14 years (Group C) p value (between)
n = 12 n = 16 n = 16 Age Sex

Flow rate (ml/min) 1.09 0.52 1.69 0.63 1.25 0.54 AB† 0.121

pH 7.17 0.28 7.44 0.30 7.24 0.22 0.035‡ 0.055

Macromolecules
Protein (µg/ml) 582.2 261.1 412.2 153.8 905.8 264.7 AC† BC* 0.511
Amylase (U/L) 631.7 254.4 815.8 526.8 1047.4 471.2 0.220 0.499

Inorganic component 
K mg/dl 16.93 1.44 20.92 4.34 20.42 3.33 AB† AC† 0.700
Ca mg/dl 4.02 1.10 4.03 0.86 3.98 0.76 0.992 0.520
P mg/dl 13.62 2.05 16.11 6.58 15.81 4.08 0.600 0.121

Abbreviations: AB: indicates significant difference between group A and group B; AC: indicates significant difference between group A
and group C; BC: indicates significant difference between group B and group C; *: p < 0.01; ‡: p < 0.05; †: No significant difference in
post hoc comparison; Data are expressed as mean standard deviation.
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saliva pH (r = –0.361, 95% CI: –0.684 to –0.072, p
< 0.01, Table 2).

DISCUSSION

We found that as the salivary flow rate
increased, pH increased but protein decreased, which
was in line with the literature.(4,5,18) The flow rate was
negatively correlated to proteins, similar to
Soderling’s longitudinal study conducted on 10- to
15-year-old children.(18) However, other studies con-
ducted in adults suggested that protein content
increases proportionally to increasing flow rate.(1,5)

The differences in protein content and flow rate in
the literature may be due to age. Also, evidence has
shown that the concentrations of proteins in the sali-
va of young children differ from those in adults.(16)

In our study, an age-related increase was noted
in the unstimulated salivary flow rate of the pre-
school and elementary school groups (p < 0.05).
There were no statistical differences between the
junior-high school group and the other two groups.
Our result was similar to that of Crossner.(19) Most
studies in the literature demonstrated an age-correlat-
ed flow rate increase.(4,11,18) Evidence shows that saliva
is detected from birth, flow rate increases with age
and slows down after 29 years of age, due to a matu-
ration of the central control mechanism and progres-
sive replacement of salivary gland tissue by fat and
atrophy of acinar cells.(4)

We found that the junior-high school group had
a range of 0.96 m/l/min to 1.53 m/l/min. The results
were in agreement with Kedjarune’s 1.2 0.6
ml/min to 1.0 0.5 ml/min of urban children and
2.3 1.2 ml/min to 2.5 1.5 ml/min of rural chil-
dren.(20) The results are also supported by Crossner’s
and Mazengo’s studies.(19,21) Our results were some-
what higher than the others in the literature.(10,12,13) The

higher resting flow rate may be related to collecting
time as one hour post lunch is one of the peak times
for flow rate during the circadian cycle.(22)

Differences between the present values and those
reported in the literature can also be explained by the
dissimilarity in subjects, collecting methods and con-
ditions.(12,13) In addition, saliva as a whole is very
variable due to its secretion mechanism,(4) in which
dentition status and developmental changes, such as
body weight, height and maturation of salivary
glands, may play a role.(10)

Under unstimulated conditions, we found no
significant pH difference between the three age
groups. The average pH values we obtained were
7.17 for the pre-school group, 7.44 for the elemen-
tary school group and 7.24 for the junior-high school
group. The results were similar to some studies but
slightly higher than others.(6,17,20) According to
Brawley, the pH of resting saliva from subjects rang-
ing from 3 weeks to 101 years of age does not vary
significantly.(6) The general pH of resting saliva was
6.80 for 6-10 year olds (122 males and 158 females).
Differences in pH can be contributed to by collecting
method, dietary consumption and caries.(21)

Our protein content was positively correlated to
age, with the junior-high school group having the
highest value. However, our amylase content showed
no inter-group difference. Significant ascending lin-
ear correlation of age to the concentration of total
protein was also demonstrated by Ben-Aryeh.(16)

Evidence showed that total protein correlated signifi-
cantly with the size of the parotid.(13) It is plausible
that a physiological growth resulted in greater
parotid volume. On the other hand, since the amylase
level is very variable and its activity has been record-
ed to reach adult values by 12 months,(11,16) this may
explain the result we obtained.

For the inorganic compositions of resting saliva,
we found significant differences in potassium con-
tent of the junior-high school group compared to the
other two groups. Our results were similar to Ben-
Aryeh for children from 6-8 years of age.(16)

According to Sippell, the concentrations of potassi-
um that change in saliva with age might be a result
of hormonal development.(23) On the other hand,
inter-group salivary calcium and phosphorus did not
reach statistical differences among the three age
groups. Salvolini studied 100 healthy subjects of
both genders, aged between 10 and 80 years, and

Table 2. Correlation of Salivary Flow Rate, pH, Protein and
Age

Flow rate pH Protein

Age 0.132 0.089 0.479*

Flow rate 0.364* –0.473*

pH –0.361†

*: Correlation is significant at the < 0.01 level (2-tailed).
†: Correlation is significant at the < 0.05 level (2-tailed).
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suggested that the concentrations of calcium and
phosphorus were not affected by age.(24)

The major limitation of this study may be its
small sample size. The data obtained in this study is
preliminary and expansion of the subject is warrant-
ed for improved validation.

In conclusion, age-related increase in unstimu-
lated salivary flow rate from elementary and pre-
school groups was noted. As the flow rate increases,
the pH increases but the protein decreases. The infor-
mation obtained may serve as reference values for
the growing interest in saliva as a diagnostic tool,
especially monitoring those with neurological or oral
motor dysfunction.
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