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Purpose: The purpose of this study was to examine the rate of salivation before and after ol-
factory stimulation using BPO (black pepper oil) and then, to collect basic data for screening 
the possibility of introducing olfactory stimulus to prevent and improve dry mouth.

Methods: The subjects in this study were 60 college students in Jeon-Nam province. The sub-
jects were randomly divided into 3 groups; the BPO group (n=20), the lavender oil (LVO) group 
(n=20), and the distilled water (DW) group (n=20). The amount of whole saliva before and after 
olfactory stimulation was measured 14 times for a 4-week period.

Results: In the BPO and LVO groups, the amount of whole saliva increased after the olfactory 
stimulation and it was most prominent in the BPO group (p<0.05). The difference of whole 
salivation was higher in the BPO group (p<0.05) and there was no significant difference in the 
salivary flow rate in the DW group. After 14 times of measurement for 4 weeks, the BPO and 
LVO groups showed an increase in salivary rate at an early stage compared without stimula-
tion (p<0.05), but there was no significant difference between the 2 groups in the middle. Since 
the twelfth measurement, whole saliva secretion increased and maintained the elevated level 
(p<0.05).

Conclusions: The olfactory stimulation using BPO may contribute to stimulating salivation. 
Further studies are needed for subjects with dry mouth symptoms. In the future, qualitative 
and quantitative studies should be conducted for people who complains about oral dryness.
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INTRODUCTION

Dry mouth has increased owing to the increase of chronic 

diseases along with the extended life expectancy.1) Nearly 

30% of people over 65 years of age have been reported to 

have dry mouth.2) Although aging is not the primary cause 

of hyposalivation, medications for chronic diseases associ-

ated with aging increase the likelihood of suffering from dry 

mouth.3) Hyposalivation leads to dysphagia, loss of appetite, 

and functional discomfort, such as pronunciation problems. 

Moreover, it increases the possibility of caries transfer, and 

causes periodontal disease, bad breath, stomatitis, and pain 

in the oral maxillofacial part. Furthermore, hyposalivation 

is associated with overall health, causing malnutrition and 

anemia.4-9) Dry mouth has not been considered as a criti-

cal condition, rather just as a part of the natural aging pro-

cess. However, due to the extended average life span and 

improved quality of life, patients with dry mouth can suffer 

from both social and emotional problems.10)

Appropriate treatments are required to improve the pa-

tients’ quality of life, and the treatments include using sali-

vary stimulants and applying salivary substitutes. Drugs, 

such as pilocarpine, anetholtrithione, and cevimeline stimu-

late the autonomic nerve system to activate normal cells in 
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the salivary glands. However, as soon as the patients stop 

taking medication, the effectiveness of the drug tends to 

fade away.11) Saliva substitutes are mainly composed of car-

boxy-methylcellulose, polyethylene oxide, or bovine mucin. 

Although proven to be clinically effective, artificial saliva 

based on polymers cannot fully mimic the critical functions 

of the human saliva. Furthermore, most of saliva substi-

tutes are not successful in improving dry mouth symptoms 

because they do not last in the patients’ oral cavity for a 

sufficient amount of time. Therefore, a conservative and 

lasting method for treating hyposalivation is strongly in 

demand.12,13)

It has been previously reported that the olfactory sense 

stimulates appetite, thus increases salivation, and a treat-

ment via inhalation is convenient and noninvasive.14,15) 

Moreover, a drug ingested through the nasal cavity is ex-

creted within 3 to 6 hours, which allows safe application 

on patients with reduced bodily functions.16) Upon inhala-

tion, a signal generated by a scent is transmitted through 

the olfactory nerve system to the cerebrum, and acts on the 

limbic system and the hypothalamus to stimulate the auto-

nomic nervous system.17,18) Salivation is controlled by the 

autonomic nervous system, where the sympathetic nerve 

excitement leads to secreting small amounts of mucous sa-

liva and the parasympathetic nerve excitement results in 

secreting large amounts of serous saliva.19)

Experiments relating olfaction and oral functions have 

often used black pepper oil (BPO) which is an appetite stim-

ulant.20) Ebihara et al.21) have used BPO in older patients 

with dysdipsia, and have reported reduced symptoms due to 

activated left insular cortex. Munakata et al.22) have report-

ed an increased food intake in children as a consequence of 

BPO, while Park et al.23) have reported enhanced swallowing 

functions in patients following treatment with BPO.

During the first step of swallowing, i.e., the oral phase, 

food or drink is placed in front of the tongue and is subse-

quently chewed and mixed with saliva in order to form a 

bolus.24) Dysdipsia includes self-awareness of recognizing 

the food intake, visual recognition of food, and all of the 

physiological reactions including salivation and recognition 

of the shape and smell of food.25,26) Therefore, we performed 

experiments using BPO as an olfactory stimulus in order 

to measure whole saliva secretions, gathered baseline data, 

and explored the possibility of using olfactory stimulation 

to prevent and improve dry mouth.

MATERIALS AND METHODS 

1. Study Participants
The study participants were 60 students (males=7, fe-

males=53; mean age=22.24±2.4 years) of the DongA 

College of Health located in the South Jeolla province. 

Participants were assigned to 3 groups depending on the 

olfactory stimulant which they were administered to; the 

BPO group (n=20), the lavender oil (LVO) group (n=20), and 

the distilled water (DW) group (n=20). The inclusion criteria 

were participants that (a) were not suffering from any up-

per respiratory tract disorders and (b) had a normal olfac-

tory function, as determined by an olfactory perception test 

at the time of the study. This study was approved by the 

Institutional Review Board of Chonnam National University 

Hospital (IRB no. CNUDH-2017-016).

2. Procedure
1) Testing environment

Participants were instructed to sit straight up in a chair, 

with the feet on the floor and the thighs parallel to the floor. 

Both arms and elbows rested at a comfortable position with 

the hands on either the legs or knees, and the neck was 

slightly bent toward the floor. Visual stimulation (e.g., ex-

ercise, looking on the mobile phone) was not allowed prior 

to the experiment. Additionally, participants were instructed 

to restrict all types of food intake including chewing a gum 

starting at least an hour before the beginning of the experi-

ment. Tooth brushing, dental flossing, and use of perfume 

were also forbidden. During the experiment, participants 

were informed that whole salivary secretion would be mea-

sured after olfactory stimulation, but not about the odor-

ants. The test was conducted in a blinded manner.

2) Olfactory perception test

The Korean version of the Sniffin’ sticks test (KVSS I) was 

used (Fig. 1). The experimenter opened the cap of an odor-

ant pen with gloves on both hands, instructed the partici-

pant to smell the tube while shaking the pen left and right 

for 3 to 4 seconds at a distance of 2 to 3 cm away from 
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the participant’s nose. Subsequently, the participants were 

asked to choose 1 among 4 choices about odor discrimina-

tion. Participants had to make a forced choice, even if they 

could not make a decision. Testing continued from the No. 

1 to No. 8 odorant pen which were presented in the same 

manner. The odor selected by the participant was recorded 

each time. The participants’ scores corresponded to the total 

number of correct choices. To prevent adaptation from oc-

curring, the pens were tested with an interval of approxi-

mately 30 seconds.27)

3) Olfactory stimulation

For olfactory stimulation, a hole with a diameter of 23 

mm was created in an acrylic chamber (200×200×200 mm), 

to which 1 end of a hose (diameter=23 mm and length=12 

cm) was connected. At the other end of the hose, a nebu-

lizer mask used to treat respiratory problems was connect-

ed. A schale was placed inside the acrylic chamber, and an 

odorant was dropped in the schale by using a spuit (Fig. 

2). Each olfactory stimulation lasted for 1 minute, and the 

whole salivary secretion was measured over 5 minutes be-

fore and after an olfactory stimulation was administered.

The odorants used in the experiment were BPO (Thewitch, 

Spain), LVO (Lavandula angustifolia, Thewitch, Bulgaria), 

and DW. The odorants’ concentration levels were deter-

mined in a preliminary study based on the number of spuit 

drops that showed the greatest difference in whole salivary 

secretion between before- and after-stimulation measure-

ments at a level at which the order was recognizable (Fig. 3). 

4) Whole saliva collection

Participants were instructed to sit comfortably in the same 

space and to rest for 5 minutes. Subsequently, they were in-

structed to swallow the saliva in the mouth immediately be-

fore the experiment began. During a resting phase prior to 

the olfactory stimulation, whole saliva was collected for 5 

minutes by using a draining method in which saliva flowed 

into an Eppendorf conical tube, while the participant sat 

straight with the neck slightly bent forward, with the eyes 

and the mouth open, and the tip of the tongue touching the 

palate. Participants were particularly instructed not to spit 

Fig. 3. The nasal inhalation of odorant through the acrylic chamber.

Fig. 1. The feature of Korean version of Sniffin’ sticks.

Fig. 2. Acrylic chamber for performing olfactory stimulation. (a-c) 

Length=20 cm, (d) connecting hose, (e) nebulizing mask, (f) petri 

dish.
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the saliva.

To perform olfactory stimulation, a schale on which an 

odorant was dropped using a spuit was placed in the acrylic 

chamber, and the participant placed the nose onto the neb-

ulizer mask connected to the acrylic chamber for 1 minute. 

Following olfactory stimulation, whole saliva was collected 

for 5 minutes using the draining method. During the collec-

tion, the participant was instructed to stabilize the maxil-

lofacial area by minimizing the movement in the area. The 

whole saliva collected over 5 minutes was estimated by 

sight, and the weight was measured.

Participants were each provided with their own nebulizer 

mask used to treat respiratory problems. The space where 

olfactory stimulation was performed was separated from the 

space where saliva was collected, which corresponded to a 

place with a window and good air circulation. The experi-

ment was conducted at the same time of the day to elimi-

nate any influence of the circadian rhythm. Moreover, the 

space where measurements were taken and the surround-

ing area were maintained stable. Saliva was collected for 14 

times over 4 weeks.

3. Statistical Analysis
Wilcoxon signed rank test was conducted to assess the 

amounts of saliva collected during rest and during stimu-

lation from the 3 groups, and analysis of variance and 

Kruskal Wallis grouping were conducted to assess between-

group differences in the amount and the rate of salivary se-

cretion and the change after the 14th stimulation. All statis-

tical analyses were performed using the IBM SPSS Stastistic 

ver. 20.0 software (IBM Co., Armonk, NY, USA). 

RESULTS 

1. Change in Salivary Secretion Following Olfactory 
Stimulation
The amount of whole saliva at rest and after olfacto-

ry stimulation was compared across BPO, LVO, and DW 

groups. The results are shown in Table 1.

1) BPO group

Overall, salivation increased following olfactory stimula-

tion compared to the resting state (p<0.05). Salivation after 

stimulation increased in comparison to the resting state 

from the 1st through the 6th stimulation. The 6th stimu-

lation was a turning point, whereby salivation decreased 

compared with the 1st through the 6th, although the differ-

ence between the stimulation and resting states remained 

significant until the 12th stimulation. Subsequently, saliva-

tion increased and maintained the same level of secretion 

as at the 1st stimulation following the 13th and 14th stimu-

lation (Fig. 4).

2) LVO group

Overall, salivation increased following olfactory stimu-

lation compared to the resting state (p<0.05). The change 

in salivation in the LVO group was similar to that of the 

BPO group. Salivation after stimulation was relatively high 

compared to the resting state from the 1st through the 6th 

Table 1. Amount of salivation according to olfactory stimulation 

(n=20)

BPO LVO DW

1st R 3.7±3.5 3.3±3.0 3.5±3.5

S 4.5±4.1 4.1±4.0 4.1±3.7

2nd R 3.7±3.9 3.7±3.0 3.6±3.3

S 4.3±4.0 3.7±3.0 4.2±4.2

3rd R 4.0±3.8 3.6±3.5 3.2±3.0

S 4.5±4.0 3.9±3.0 4.3±3.9

4th R 4.2±4.0 3.4±3.5 3.3±3.3

S 4.9±4.9 3.4±3.5 4.3±3.9

5th R 4.3±4.3 3.6±3.0 2.7±2.7

S 5.0±4.8 3.7±3.0 3.6±3.8

6th R 3.9±3.7 3.0±2.2 3.3±3.4

S 4.7±3.9 3.8±3.0 3.7±3.9

7th R 3.9±3.7 3.5±3.9 3.5±3.0

S 4.3±4.1 3.6±3.3 3.9±3.2

8th R 3.7±3.5 2.9±2.6 2.6±2.5

S 4.4±4.4 3.3±2.9 2.8±2.9

9th R 3.7±4.0 3.8±3.4 3.4±3.0

S 4.1±4.1 3.8±3.1 3.8±3.3

10th R 3.5±3.5 2.7±2.6 3.5±3.9

S 4.0±4.1 2.7±2.4 3.5±3.4

11th R 3.9±4.0 2.9±2.6 3.3±3.7

S 4.0±4.5 3.3±3.1 3.5±3.7

12th R 3.2±3.1 2.9±3.0 3.3±3.0

S 3.9±3.7 3.4±3.0 3.7±3.3

13th R 3.7±3.1 3.1±3.1 3.1±3.3

S 4.5±4.0 3.7±3.2 3.4±3.7

14th R 3.7±3.0 3.8±4.3 3.3±2.7

S 4.5±4.1 4.0±3.3 3.3±2.9

Values are presented as mean±standard deviation (mL/5 min).

R, resting; S, stimulation; BPO, black pepper oil; LVO, lavender oil; 

DW, distilled water.
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stimulation, while it decreased from the 6th through the 

10th stimulation. Subsequently, salivation after stimulation 

increased from the 11th, and maintained the same level as 

the 1st stimulation after the 14th stimulation (Fig. 5).

3) DW group

From the 1st through the 4th stimulation, salivation fol-

lowing olfactory stimulation was higher compared to the 

resting state. However, no statistically significant difference 

was observed from the 5th stimulation onwards (Fig. 6).

2. Difference in Whole Saliva Among Groups
The differences in whole saliva among BPO, LVO, and DW 

groups during resting and after olfactory stimulation were 

compared. The results are shown in Table 2. A positive cor-

relation was observed in the BPO group when comparing 

between whole saliva at rest and after olfactory stimulation 

(p<0.05). In this group, there was also a clear difference in 

salivation after the 1st stimulation, and differences were 

consistently observed from the 2nd through the 6th stimu-

lation, although to a smaller extent compared with the 1st 

stimulation. With the 6th stimulation as a turning point, the 

difference in salivation decreased until the 11th stimulation, 

while a difference at a similar level to the 1st stimulation 

was maintained from the 12th stimulation onward (p<0.05). 

No statistically significant difference was observed in either 

the LVO or the DW group (Fig. 7).

3. Change in the Salivation Rate After Olfactory 
Stimulation
Differences in the salivation rate at resting and after ol-

factory stimulation were compared among the BPO, LVO, 

and DW groups, and the results are shown in Table 3. 

Initially, the BPO and LVO groups similarly showed an in-

crease in salivary secretion after olfactory stimulation, fol-

lowed subsequently by a decrease. After the 6th stimula-

tion, the rate of salivation in the BPO group consistently 

increased in comparison with the LVO and DW groups. In 

contrast, the LVO group showed the same rate as the BPO 

group following the initial stimulation, but the rate was 

maintained at a lower level until the 6th stimulation, while 

it subsequently increased in comparison with the DW group 
Fig. 4. Salivation according to olfactory stimulation with black 

pepper oil (BPO). *p<0.05.
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(Fig. 8).

DISCUSSION 

A primary cause of malnutrition in the elderly is a de-

creased oral function, such as chewing or swallowing. Oral 

symptoms, such as dry mouth affect the oral function and 

determine the individual oral condition, and thus reduce 

the quality of life related to oral health.28-30) Salivary secre-

tion increases with the help of drugs, but the quality of life 

does not improve significantly.31) Salivary secretion is con-

trolled by the autonomic nervous system,32) which is divided 

further into the sympathetic and parasympathetic nervous 

systems. Salivation is a reaction occurring when the 2 ner-

vous systems work antagonistically in response to internal 

or external stimuli in order to maintain homeostasis in the 

human body.33) Whole saliva is composed of mixed saliva 

secreted from the major salivary glands (the parotid, sublin-

gual, and submandibular glands) and numerous minor sali-

vary glands, and approximately 1 to 1.5 L of whole saliva is 

secreted daily. In normal adults, saliva flows over 0.25 mL 

per minute during resting, and approximately 1.0 mL per 

minute upon stimulation.34) A diagnosis of low salivation 

rate is made if the rate is under 0.1 mL per minute at rest 

and under 0.5 mL per minute after stimulation.35)

Table 2. The difference of salivation between resting and after 

olfactory stimulation (salivation after stimulation minus salivation 

on resting) (n=20)

BPO LVO DW

1st 0.9±0.9 0.8±1.0 0.6±0.5

2nd 0.7±0.9 0.1±0.0 0.6±0.3

3rd 0.5±0.3 0.4±0.2 1.1±1.0

4th 0.6±0.6 0.0±0.0 1.0±0.5

5th 0.6±0.8 0.1±0.2 0.9±1.0

6th 0.8±0.8 0.8±0.1 0.5±0.5

7th 0.3±0.3 0.2±0.0 0.4±0.3

8th 0.7±0.6 0.4±0.5 0.2±0.3

9th 0.4±0.2 0.1±0.2 0.3±0.2

10th 0.5±0.1 -0.1±0.0 0.0±0.2

11th 0.1±0.1 0.4±0.4 0.2±0.0

12th 0.7±0.5 0.4±0.3 0.3±0.4

13th 0.7±0.8 0.6±0.7 0.3±0.2

14th 0.8±0.8 0.1±0.9 0.1±0.0

Values are presented as mean±standard deviation (mL/5 min).

BPO, black pepper oil; LVO, lavender oil; DW, distilled water.

Table 3. Flow of salivation rate after olfactory stimulation (n=20)

BPO LVO DW

1st 1.3±1.2 1.3±1.3 1.2±1.1

2nd 1.2±1.2 1.0±1.0 1.3±1.1

3rd 1.1±1.1 1.1±1.0 1.3±1.4

4th 1.2±1.1 1.0±1.0 1.3±1.2

5th 1.2±1.2 1.0±1.1 1.4±1.4

6th 1.4±1.2 1.2±1.1 1.1±1.2

7th 1.2±1.1 1.1±1.0 1.1±1.1

8th 1.2±1.1 1.2±1.2 1.0±1.1

9th 1.2±1.0 1.0±1.0 1.1±1.1

10th 1.2±1.0 1.1±1.0 1.0±1.0

11th 1.1±1.0 1.1±1.2 1.1±1.0

12th 1.2±1.2 1.2±1.2 1.1±1.1

13th 1.3±1.2 1.2±1.2 1.1±1.1

14th 1.3±1.2 1.2±1.1 1.1±1.0

Values are presented as mean±standard deviation.

BPO, black pepper oil; LVO, lavender oil; DW, distilled water.

Fig. 7. The difference of salivation between resting and after 

olfactory stimulation. DW, distilled water; LVO, lavender oil; BPO, 

black pepper oil. *p<0.05.
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Munakata et al.22) argued that BPO is associated with ap-

petite, has an effect of increasing food intake, and improves 

the chewing function. Moreover, Park36) has reported similar 

findings, and suggested that a conventional rehabilitation 

therapy for the chewing function could be used in parallel 

with the conventional therapy; thus, the effect of the lat-

ter could not be excluded. Accordingly, in the present study, 

only the BPO olfactory stimulation was administered and 

a change in the rate of whole salivary secretion was subse-

quently investigated. This was based on previous findings 

suggesting a BPO effect on improving swallowing by in-

creasing the secretion of whole saliva during an oral prepa-

ratory phase, i.e. the first phase of swallowing.

The KVSS I, the olfactory perception test used in the pres-

ent study to screen participants, can accurately make an 

objective assessment of olfactory function by simply uti-

lizing smells familiar to Koreans.27) Compared with other 

sensory modalities, in olfactory research, it is difficult not 

only to control the experimental environment but also to 

conduct accurate quantifications. To date, the method that 

has been frequently used to administer olfactory stimula-

tion has been nasal inhalation. Similarly to previous stud-

ies,21,22,36) nasal inhalation in the present study was admin-

istered by rubbing the olfactory stimulant on a cotton swab 

that was subsequently placed at a 3 to 5 cm distance from 

the participant’s nose, without touching the nose. Park36) 

has suggested that further research is required to improve 

the methods of administering olfactory stimulation. In ad-

dition to nasal inhalation, aromatic pendants, naturally-

released aroma in a limited space, and perfume papers, 

among others, have been used to administer olfactory 

stimulation. However, these methods do not limit external 

influences and are therefore insufficient to consistently re-

produce an experimental environment. Hence, in order to 

complement the olfactory stimulation method, the olfac-

tory stimulation was administered by placing a schale in an 

acrylic chamber in which a predetermined amount of BPO 

or other stimulants was dropped. Participants were exposed 

to the stimulants through an individual nebulizer mask that 

was connected to the chamber through a hose. The mask 

was connected to the chamber only when stimulation was 

administered. The area where the hose was connected to the 

chamber was covered when not in use.

Salivation is most active around 4 o’clock in the after-

noon.37) Therefore, the experiments were conducted during 

2 hours between 4 and 6 pm. Three chambers were manu-

factured, 1 for each of the 3 stimulants. During each exper-

imental period, 7 participants were scheduled to use each 

chamber only for 1 minute in order to maintain the gas 

concentration at a constant level. To preclude the effect of 

circadian rhythm, experiments were conducted at the same 

time of the day, while the space where measurements were 

taken and the surrounding environment were maintained 

stable.

Olfactory stimulation using drugs mainly increases sali-

vary secretion from minor salivary glands.38) According to 

a study conducted to investigate the change in the saliva-

tion rate from minor salivary glands following pilocarpine 

mouthwash,39) salivation rate peaked immediately after the 

use of 0.1% pilocarpine mouthwash. Moreover, there was a 

significant difference in the salivation rate 30 minutes and 

1 hour after the use of pilocarpine mouthwash compared 

with the rate before mouthwash use. Nevertheless, the rates 

were lower in comparison with those measured immediately 

after the use of pilocarpine mouthwash.

Our present findings are in line with these previous re-

sults, whereby a change in the salivation rate was high-

est after the first olfactory stimulation compared to resting. 

Subsequently, salivation significantly increased following 

olfactory stimulation, compared with the resting phase, 

until the 12th stimulation for approximately a 3-week pe-

riod. However, the level of changes was gradually smaller 

in comparison with the salivation rate after the first stimu-

lation. After the 3rd week of stimulation, salivation was 

maintained at a constant level.

Among the 5 sensory organs, the olfactory organ is the 

most sensitive and fast-reacting.40) Indeed, salivation mark-

edly increased following the first olfactory stimulation. 

However, the increase of salivation was smaller after the 

2nd stimulation compared with the 1st stimulation. It is 

well established that the olfactory sense easily adapts fol-

lowing long stimulation.41) In line with this, salivation grad-

ually decreased within 3 weeks compared with the 1st stim-

ulation, until reaching a stable period. However, there was a 

significant difference between the salivation rate before and 

after stimulation at all measurements.
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In both the BPO and LVO groups, a significant difference 

in salivation was found between the rates before and after 

olfactory simulation. Indeed, our results showed a constant 

level of salivation starting from the 12th stimulation, i.e. 

after the 3rd week when a stable period had started. Based 

on the function of the autonomic nervous system whereby 

when 1 side is stimulated the other side gets rewarded by a 

process of homeostasis, the human body strives for a bal-

anced state by appropriately responding to a stimulus.33) 

According to our results, it seems that it takes 3 weeks to 

recover homeostasis with respect to the 1st stimulation. 

Moreover, based on our observation that salivation during 

the stable period was maintained at a higher level compared 

with pre-stimulation, we suggest that it is possible to im-

prove the rate of whole salivary secretion through continual 

olfactory stimulation.

In a previous study conducted to investigate a short-term 

effect after stimulation and a long-term change across time, 

the experimental period was set at 4 weeks, but the mea-

surement of whole saliva was recorded only at the begin-

ning of the experiment and after 4 weeks.39) Similarly, in the 

present study, pre- and post-stimulation comparisons were 

made to test the effect of stimulation. However, in contrast, 

we continuously administered stimulation and measured 

the changes throughout the 4-week period in order to ad-

dress a reliability issue stemming from contrast reduction 

due to the olfactory system’s immediate reaction and adap-

tation. Our aim was to identify an overall change in whole 

saliva secretion according to stimulation and across time, as 

well as the timing of recovery.

The control group (DW group) that received DW as stim-

ulant did not display a significant difference with respect 

to olfactory stimulation. However, initially, the whole sali-

vary secretion was greater following olfactory stimulation, 

as compared to the resting phase. There are various theo-

ries proposed to explain the dynamic of a placebo effect, 

and the expectancy theory is the most representative of 

all. According to the expectancy theory, a placebo effect is 

present when the person believes that there would be an ef-

fect.42) Hence, even though there was no fragrance, the DW 

group in the present study, tested in a blind manner, might 

have thought that they were inhaling a fragrance that was 

imperceptible to them, and hence expected a change in 

secretion rate, which may explain the placebo effect.

The present study is a pilot experiment conducted with 

young adults in order to investigate whether or not olfac-

tory stimulation would influence salivary secretion. In or-

der to generalize the study results, follow-up investigations 

in various age groups, and in particular in the elderly that 

typically suffer from dry mouth, are still required.

In the area of oral functions, research is focused primarily 

on the efficacy of drugs and saliva substitutes to improve 

salivation rates and the effect of oral exercise. However, 

studies addressing the side effects and cost limitations of 

candidate drugs, as well as the cases where the practice of 

oral exercises is not an option in the elderly who are physi-

cally unhealthy and have weak muscles, need to be urgent-

ly addressed. We believe that the present study provides 

basic data that confirm the possibility of applying olfactory 

stimulation to prevent dry mouth caused by decreased sali-

vary secretion and improve the secretion.

In conclusion, sixty college students were randomly as-

signed to 1 of the 3 groups, i.e., the BPO group (n=20), the 

LVO group (n=20), and the DW group (n=20), and a change 

in whole salivary secretion during resting and after olfacto-

ry stimulation was measured for 14 times over 4 weeks. The 

following conclusions were made based on the results.

1. After olfactory stimulation with BPO, the change in 

whole salivary secretion was significant during a resting 

period.

2. After olfactory stimulation with LVO, the change in 

whole salivary secretion was significant during a resting 

period.

3. After olfactory stimulation with BPO, there was a great 

difference in the whole salivary secretion during a resting 

period.

Olfactory stimulation with BPO was effective in increas-

ing whole salivary secretion. Further research is needed to 

investigate whether the application of BPO may be effective 

in the prevention and amelioration of dry mouth.
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