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ABSTRACT
The increasing population of the elderly has an impact on health problems, including an increase of oral problems.
One of the common oral problems is dry mouth that possibly disrupts gustatory function. The aim of this study was
to investigate the relationship between salivary secretion and taste sensitivity level in the elderly. This study was a
cross sectional study for the elderly population of Daerah Istimewa Yogyakarta/The Special Region of Yogyakarta
(DIY) Province, Indonesia. This study consisted of interview, clinical examination, measurement of salivary secretion
(sialometry) and taste sensitivity level using chemical gustometry method. Salivary secretion data were described
in ml/ min. The measurement of taste sensitivity level was performed using 4 different substances: sweet (sucrose),
salty (NaCl), sour (citric acid) and bitter (quinidine sulphate) with 4 different concentrations for each flavor. Four score
was given if the respondent recognized the lowest concentration of the substance and 0 score was provided when all
concentrations were failed to be tasted. Total score for test sensitivity level was scaled from 0 to 16. Salivary secretion
data and taste sensitivity level data were analyzed by Spearman correlation test to determine the correlation between
both variables. There were 103 subjects (70 women and 33 men) with the age mean of 65.61 years old, participating in
this study. The mean of the sweet taste level was 2.81, 3.32 for salty taste, 3.69 for sour taste and 2.98 for bitter taste.
Total taste sensitivity level mean was 12.80 out of 16. The measurements of unstimulated whole saliva showed a mean
value of 0.170 ml/min with the majority of subjects having normal salivary flow. The Spearman correlation test results
showed r= -0.078 with p >0.05 that indicated no correlation. We concluded that there was no relationship between
salivary secretion and taste sensitivity level in the elderly.
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INTRODUCTION
The number of elderly people in the world is
increasing every year, including in Indonesia. In
2012, Indonesia ranked third in Asia with 25 million
numbers of elderly population, after China (200
million) and India (100 million). It was estimated that
by 2050, the number of elderly people in Indonesia
would have amounted to 100 million.1 In 2010,
the proportion of elderly population in Indonesia
reached about 7.18%, surpassing the range
percentage to be classified as “aging society”. The
Special Region of Yogyakarta (DIY) is a province
with the highest elderly population in Indonesia with
the percentage of elderly population of 13.04% in
year of 2010.2 This condition is related to the life
expectancy in DIY that is 73,72 years, which is the
longest in Indonesia.3
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The enhanced life expectancy promoted the
increasing number of chronic diseases incidence
that affected general and oral health. The common
oral health problem in the elderly includes mucosal
diseases of the oral cavity, infectious diseases,
tooth diseases, periodontal disease, salivary gland
dysfunction, olfactory and tasting dysfunction,
gastrointestinal
disorders,
and
edentulous
4
conditions. Of all these conditions, dry mouth was
considered as one of the main problems suffered
by the elderly. Ship et al.4 estimated that 30% of the
population aged 65 years and over experienced dry
mouth disorders.
The function of saliva is to maintain the integrity
of the hard and soft tissues of the oral cavity, as
well as to support the speech, swallowing, and
tasting process.5 Saliva plays an important role as
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a solvent of taste substances, but the prevalence
of dysgeusia and hypogeusia are increasing in
patients with a decreasing salivary gland function.6
Reduced salivary secretion leads to dryness of oral
mucosa and accelerates a damage on the taste
receptor cells.7 In patients with chronic xerostomia
as in Sjögren syndrome or after head and neck
radiotherapy, a decrease of the ability to recognize
the tasting stimulation was discovered.8
The association between the salivary function
with the taste sensitivity level is controversial.
Weiffenbach et al.9 reported that the taste acuity
remained normal in eight patients with impaired
salivary gland function, suggesting a possibility
of no effect of the salivary gland function on the
normal taste perception. This finding is similar with
the results of Akal et al.10 evaluation of the various
factors that affect the taste perception. In the study,
there was no difference on taste sensitivity levels
of the four basic flavors (sweet, salty, sour, and
bitter) in the subject with dry mouth due to drug
consumption. The same statement was expressed
by Fox and Eversole,6 who revealed that tasting
ability persisted without the presence of major
salivary gland functions. Nevertheless, in Brosvic
and Hoey11 research, a reduction in sensitivity
to salty, sour and bitter flavors was found in rats
after major salivary glands removal. The study
by Satoh-Kuriwada et al.12 also suggested that
a hyposalivation had a strong influence on the
hypogeusia in the elderly.
The taste sensitivity problem in the elderly
is often overlooked because it is considered
unimportant for life. The decrease of tasting ability
may lead to an appetite reduction, which promotes
a weight loss, malnutrition, impaired immunity, and
worsening health conditions.13 The tasting disorder
affects food selection, which is no longer based
on the nutrition but what is more desirable.14 The
elderly tend to consume sugar and salt excessively
to compensate the decrease in taste sensitivity. This
condition will certainly influence the general health
of the elderly.13 The frequent salivary gland disorder
and its correlation with the taste sensitivity problem
in the elderly requires further researches. These
researches are important because both salivary

problem and decrease of taste sensitivity influence
the general health condition of the elderly. The aim
of this study was to investigate the relationship
between salivary secretions to taste sensitivity level
in the elderly population in the Special Region of
Yogyakarta (DIY).
MATERIALS AND METHODS
This research was a cross sectional study on
the elderly population of the Special Region
of Yogyakarta. The participants were recruited
from the community health station for the elderly
(Posyandu Lansia) and were selected using
multistage cluster random sampling method.
The examination and data collection were
performed in Prof. Soedomo Dental Hospital,
Universitas Gadjah Mada. The criteria of inclusion
were including the minimum age of 60 years, the
ability to independently perform daily activities,
and the ability to do verbal communication. The
exclusion criteria of this study were including
undergoing chemotherapy/ radiotherapy, currently
hospitalized, confessing a smoking habit, and li
ving in a nursing home. All subjects who agreed to
join this research signed the informed consent form
prior to the study. All treatment performed in this
study was approved by the Ethics and Advocacy
Unit of Faculty of Dentistry, Universitas Gadjah Mada
(00723/KKEP/FKG-UGM/EC/2016).
The data were collected by interview method
(anamnesis), anthropometric examination, extraoral
and intraoral clinical examination, salivary secretion
measurement using sialometry and sensitivity
level measurement. Interview was performed by
our research assistant using a spesific research
instrument to obtain sociodemographic data (age,
gender, and educational level), medical history,
and medication history. The instrument consisted
of close question to limit the answer variation, thus
a calibration were not required. Anthropometric
examination to determine the nutritional status by
body mass index was conducted by measuring
body height and weight. Extraoral and intraoral
clinical examination were performed by 3 trained
and calibrated dentist to obtain information on
oral hygiene, denture wear and oral lesion. The
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participants were prevented from eating and
drinking at least 1 hour before the salivary secretion
and sensitivity level test. The examination of salivary
secretion was conducted in the morning between
8 am to 10 am by measuring the total volume of
unstimulated salivary secretion in 5 minutes by
spitting method. The salivary secretion data was
expressed as the average of salivary secretion
volume measured per minute. The taste sensitivity
level test using 4 types of chemical solution with
4 different concentrations was referred from
Mueller et al.15 The test was using: 1) sucrose in
the concentration of 0.05, 0.1, 0.2, and 0.4 g/ml to
induce sweet perception; 2) sodium chloride/NaCl
in the concentration of 0.016, 0.04, 0.01, and 0.25
g/ml for salty taste, 3) citric acid for sour taste in the
concentration of 0.0125, 0.0225, 0.041, and 0.075
g/ml; and 4) quinidine sulphate in the concentration
of 0.0001, 0.0002, 0.0006, and 0.0015 g/ml for
bitter taste. The solution was applied by three drop
methods. Three drops of each solution were placed
on the dorsum area of the tongue with approximately
1.5 cm distance.
The participants were given score 4 when
they recognized the lowest concentration of the
substance and the score 0 if no concentration
was detected by the participant. The score of
total taste sensitivity level was a combination of

all of basic tastes and ranged from 0 to 16. The
data were statistically analyzed using Spearman
correlation test with the level of significance of
0.05% and confident interval of 95% to determine
the relationship between the salivary secretion and
the taste sensitivity level in elderly.
RESULTS
The study involved 103 participants comprising
of 70 women and 33 men, with an age range of
60-84 years (mean: 65.61 years). The subject
came from several areas in DIY (Sub-district of
Pundong, Wirobrajan, Sewon, Ngemplak, Berbah,
and Kasihan). Subject characteristics based on
interview results are presented in Table 1.
From Table 1, it can be seen that although one
of the inclusion criteria of the elderly subject was
being considered healthy, the research showed
that almost all subjects had medical systemic
background/problems. The most common condition
found in the elderly subject was hypertension with
a total number of 19 subjects (18.45%). This was
followed by the number of subjects who used
routine medications related to systemic diseases.
The most frequent type of drugs used by the
subject was antihypertensive drugs by as many as
15 subjects (14.56%).

Table 1. Participant’s characteristic (n-103)

Gender
Age
Educational level

Ethnicity
Medical history
Medication
Smoking habit*

Variables
Male
Female
60-69 y.o.
70-79 y.o.
80-89 y.o.
No formal education
Elementary school
Junior high school
Senior high school
University/college
Javanese
Non javanese
Without systemic medical background/problems
With systemic medical background/problems
Without routine medications
Without routine medications (at least one type of drug)
Never smoke
Ex-smoker

*Subjects who are still actively smoking are excluded from this study
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n
33
70
85
15
3
9
35
10
30
17
103
0
28
75
39
64
87
16

Percentage (%)
32.04
67.96
82.52
14.56
2.91
8.74
33.98
9.71
29.13
16.50
100.00
0.00
27.18
72.82
37.86
62.14
84.47
15.53
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Table 2. Anthropometric measurement and clinical examination of the oral cavity (n=130)

Body mass Index

Number of teeth
Denture wearing

Oral hygiene Index

Saliva secretion

Variables

n

Underweight
Normal
Overweight
0-10 teeth
11-20 teeth
>20 teeth
With denture
Without denture
Good
Fair
Poor
Unclassified
Hyposalivation
Normal
Hypersalivation

10
63
30
12
35
56
15
88
14
18
68
3
6
94
3

Percentage
(%)
9.71
61.17
29.13
11.65
33.98
54.37
14.56
85.44
13.59
17.48
66.02
2.91
5.83
91.26
2.91

Table 3. Mean of taste sensitivity level measurement

Total subject
Saliva secretion

Mean and SD
of total taste
sensitivity level

Mean and SD
of sweet taste
sensitivity level

Mean and SD
of salty taste
sensitivity level

Mean and SD
of sour taste
sensitivity level

Mean and SD
of bitter taste
sensitivity level

12.80 ± 2.07

2.81 ± 1.02

3.32 ± 0.88

3.69 ± 0.65

2.98 ± 1.11

Hyposalivation

14.33 ± 1.60

3.5 ± 0.50

3.67 ± 0.47

3.67 ± 0.75

3.5 ± 0.76

Normal

12.67 ± 2.09

2.76 ± 1.03

3.30 ± 0.66

3.68 ± 1.12

2.94 ± 2.09

Hypersalivation

13.67 ± 0.47

3 ± 0.82

3.33 ± 0.47

4 ± 0.00

3.33 ± 0.94

16
14
12
10

Hyposalivation

8

Normal

6

Hypersalivation

4
2
0

Mean of total taste
sensitivity level

Mean of sweet taste
sensitivity level

Mean of salty taste
sensitivity level

Mean of sour taste
sensitivity level

Mean of bitter taste
sensitivity level

Figure 1. Graphic comparison of taste sensitivity level mean in hypersalivation,
normal salivation, and hyposalivation

The results of anthropometric measurements
(Body Mass Index/BMI) and oral cavity
examinations were presented in Table 2. Body
mass index, denture wearing, oral hygiene index
were recorded because they were uncontrollable
variables that could affect the results of the study.
The result of the salivary secretion measurement
would be classified into 3 category: hyposalivation
if less than 0.1 ml/min, normal if between 0.1-1 ml/
min, and hypersalivation if more than 1 ml/min.16

Table 3 showed that the most decreasing taste
sensitivity level was sweet taste with mean of 2.81
from the maximum score of 4. The most sensitive
taste felt by the elderly group was the sour taste
with the mean of sensitivity level of 3.69. Based on
this study, the lowest mean of taste sensitivity level
occurred more in the group with normal salivary
secretion than the other two groups. It can also be
seen from the graph in Figure 1.
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The initial hypothesis of this study was a
relation between salivary secretion with the taste
sensitivity level. The results of the correlation
analysis are presented in Table 4. Based on the
Spearman correlation test results there were no
significant correlations between salivary secretion
and all of taste sensitivity level in the elderly in DIY
(p> 0.050), as a result H0 was rejected.
Table 4. Spearman correlation test results between saliva
secretion and taste sensitivity level
Dependent variable

Independent variable
saliva secretion

Total taste sensitivity
level

Correlation coefficient (r)

-0.078

p-value

0.431

Sweet taste sensitivity
level

Correlation coefficient (r)

0.025

p-value

0.806

Salty taste sensitivity
level

Correlation coefficient (r)

-0.48

p-value

0.629

Sour taste sensitivity
level

Correlation coefficient (r)

0.105

p-value

0.293

Bitter taste sensitivity
level

Correlation coefficient (r)

-0.153

p-value

0.123

DISCUSSION
This study showed that there was no significant
correlation between taste sensitivity level and
salivary secretion. Several studies previously
conducted by Weiffenbach et al.9 revealed that 8
patients with impaired salivary secretions showed
a normal degree of taste sensitivity. The same
conclusion was also obtained from the study of Akal
et al.10 that from several factors affecting perception
of tasting, dry mouth due to medication did not result
in significant differences in taste sensitivity level of
4 basic taste (sweet, salty, sour, bitter). A different
result is reported by Satoh-Kuriwada et al.12 which
suggests that hyposalivation conditions were
closely related to hypogeusia conditions. In this
study, the majority of subjects had normal salivary
secretions, with the measurement of unstimulated
whole saliva between 0.1-1 ml/min and only 2.91%
of subjects experiencing hyposalivation. The
different result of this study as compared to the
previous study might lead to less number of subjects
experiencing hyposalivation. The small number of
138

hyposalivation subject might be the reason for the
lack of representation of hyposalivation group.
In elderly population, the condition of dry
mouth (xerostomia) is generally caused by the
condition of the polypharmacy. In the study of de
Deco et al,17 the main side effects of the drugs by
the elderly were the change of taste perception and
dry mouth sensation related to antihypertensive
drugs as the main drug agent that often causes
dry mouth. In this study, of all 6 subjects who
experienced hyposalivation, only 1 subject who
consumed antihypertensive drugs of nifedipine,
the other 1 subject used herbal treatment (not
mentioned specifically), and others claimed not
consuming any routine medication. This shows
that the effect of medication on the secretion of
salivary elderly also varied. When looking at the
background of systemic disease, 6 subjects who
experienced hyposalivastion, 3 of them claimed to
have problems with high uric acid levels. The high
association of uric acid with salivary secretions has
not been widely studied, although high levels of uric
acid are often associated with predisposing factors
for sialolithialis or obstruction of salivary glands.18
Association between aging and hyposalivation
conditions, according to Percival et al19 showed
generally a significant decrease of unstimulated
salivary secretion commonly found in subjects
aged 80 years old and above. This explains the
least number of subjects with hyposalivation in this
study, since the number of subjects aged 80 years
old and above only amounted to 3 subjects and all
them had normal salivary secretions. Thus, to prove
the effect of aging on salivary gland secretions, it is
necessary to increase the age range of the subject
to an older age. The difficulty of finding subjects
with age above 80 years in DIY caused by the life
expectancy in DIY that only reached about 73.72
years old.2
In subjects with hyposalivation conditions, the
average rate of taste sensitivity level was 14.33 or
the highest of all other groups (normal salivation and
hypersalivation). The decrease in salivary secretion
has no direct effect on the gustatory function.
Other possibilities was hyposalivation condition of
the subject, not a condition that had lasted long.
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According to Engelen et al.20 decreased salivary
secretions in short-term exhibit very little effect on
taste perception, and long-term salivary deficiency
will decrease the salivary sensitivity, causing a
decrease in taste sensitivity. The results of the study
of Akal et al10 also concluded that salivary amounts,
although only slightly, was sufficient to induce the
taste mechanism. In this study, the taste was tested
in the solution form with aquades as a solvent. The
saliva function as a tastant solvent was replaced
by the aquades. This is supported by the revelation
of Matsuo21 that the most important component of
saliva to maintain taste sensitivity is water.
Decreased taste sensitivity level in healthy
elderly without medication to basic flavors such as
sucrose (sweet), NaCl (salty), quinine HCl (bitter),
and citric Acid (Acid) is rare or mild. The cause of
decreased taste sensitivity level in normal aging
process, without disease, medication, or other
medical intervention, is not fully understood.22 The
elderly patients with more drug to consume had
a greater potential in decrease of taste sensitivity
level. In this study, most of subjects (62.14%)
routinely consume at least 1 type of medication.
This is most likely to cause a decrease in taste
level on all flavors (mean each flavor more than
4). In addition, it is possible that there is a systemic
disease or disorder that have never been realized
yet by the subject. Another factor that affects
salivary secretion and taste sensitivity is the use
of denture.23 Based intraoral examination, of 103
subjects, only 15 people (14.56%) were found to
use denture. The rest of the subject did not use
denture even though there was an edentulous area
in the teeth. According to Tango et al, denture wear
may help increase salivary secretion, but does
not increase taste sensitivity.24 This decrease in
taste sensitivity may also be associated with oral
hygiene conditions. In this recent study, the majority
(66.02%) of subjects had a poor oral hygiene index
(OHI). The dirty mouth condition affected the taste
sensitivity level. This affection is caused by acidic
substance from bacterial tongue, which induces
acidic taste.25
This study showed different mean of taste
sensitivity level of each basic taste (sweet, salty,

sour, and bitter) in the elderly. Differences in
taste perception are strongly influenced by the
organic and inorganic components of saliva.21
Previous study showed that high salivary pH
(base) showed salivary buffering ability due to the
presence of bicarbonate ion components that have
improved sweet taste response by affecting tasting
receptors.26 In contrast, the presence of bicarbonate
ions will decrease the intensity of acidic taste.27 In
this study, we did not measured salivary pH and
salivary components, so it can not be known the
effect of salivary quality on taste sensitivity level,
which becomes the limitation of this study.
The lowest mean of taste sensitivity level in
this study was for sweet taste with only 2.81. This
decrease in the sensitivity level of this sweet taste
can occur because of an increase in excessive
sugar intake in diabetes mellitus patients.28 In this
study, there were 8 recorded subjects, who are
known to have diabetes mellitus. In addition, one of
the effects of aging on the tongue is the presence
of atrophy on papilla-papilla tongue.29 In the study
of Solemdal et al.25 the atrophic conditions of the
tongue is associated with reduced sweet taste sensitivity greater than other taste sensitivity. A similar
mechanism may occur in a decrease in salty taste
sensitivity. Hypertensive patients generally have
decreased levels of taste sensitivity to salty taste
(NaCl). This often leads to the fact that hypertensive patients having difficulty limiting salt intake because they feel more tasteless dish.28 In this study,
there were 19 subjects who have been known to
suffer from hypertension and only 15 who take antihypertensive drugs. In addition, the perceptions of
sweet and salty taste are two taste perceptions that
often interfere with dry mouth conditions.25
This decrease of taste sensitivity in the elderly,
though often neglected, can have an impact on
the health conditions of the elderly by affecting
decreased appetite, weight loss, malnutrition, and
immune disorders.13 In this study, we realize that
we still have weakness and limitation that should be
taken into consideration. One of the weaknesses
is that the number of subject with hyposalivation
found in this study was very small leading to a
lack of representation. Further research with more
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adequate number of subjects and representative
enough to represent subject with hyposalivation
is strongly recommended. In addition to the crosssectional study design, the mechanisms associated
with the relationship between salivary secretion
and taste level sensitivity have not been fully
understood. Therefore, a more in-depth study of the
condition of taste sensitivity is needed to support
the better quality of life of the elderly.
CONCLUSION
The conclusion of this study is that there were no
relationship between salivary secretion and taste
sensitivity level in the elderly in Yogyakata.
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