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Abstract

The purpose of this study was to collect basic data on the sense of taste in young subjects
in order to generate a quantifiable measure on which clinical examinations can be based. The
test was performed on 31 university students between the ages of 18 and 22 (average age:
19.7 years). Each subjects filled out a questionnaire to determine their food qualitative
preferences followed by quantitative taste examinations for the four basic tastes; sweet, salty,
sour and bitter. We used filter paper disc method to evaluate the total mean of the cognitive
thresholds of in both side of the chorda tympani and glossopharyngeal innervated regions of
the tongue. We confirmed that the total mean values were within the normal range for both
males and females, though two males showed mild abnormalities, and observed threshold
distributions. These results of the data we gathered suggested that males might have a

higher taste threshold than females in young subjects.
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Introduction

The number of people complaining of gustatory disorders is increasing by year.
It is generally believed that the threshold of sense of taste increases with age, and
this tendency increases as people get older?. On the other hand, due to changes in
diet and lifestyle, the number of young age’s individuals complaining of gustatory
disorders has been also increasing in recent years?. However, there has been still
lacked research regarding taste threshold in young adults. In addition, gustatory
disorder (such as dysgeusia) is one of the symptoms of the SARS-Cov2 infection
(COVID-19) that is currently prevalent worldwide®. In this study, we collected
preliminary data on taste thresholds in young adult in order to provide contribution

for clinical examination.

Materials and Methods

The study was conducted on thirty-one university students, 17 males and 14
females, aged between 18 and 22 (average age: 19.7 years) that show normal physical
condition during the present taste examination. Informed consent was obrained by
the documents beforehand. The subjects were filled out a questionnaire regarding
their food preferences, qualitative and quantitative taste examination for sweet,
salty, sour, and bitter tastes by the filter paper disc method using Taste Disc
® (Sanwa Kagaku Laboratory, Nagoya, Japan) was performed!?. The focal region of
the test was shown in Fig. 1 , which was determined to overlay the innervation
regions of taste conducting nerves, chorda tympani and glossopharyngeal nerves and
the taste examination parts of the tongue. The test was conducted starting with the
lowest concentration, Reagent 1, and if it was not recognizable, the concentration
was changed to the next higher concentration, Reagent 2. If it was still
unrecognizable, the concentration was changed again to the next higher
concentration, Reagent 3, and so on and so forth (Table 1.). The evaluation method
was based on the total mean of the cognitive thresholds of sweet, salty, sour, and
bitter tastes in the left and right chorda tympani and glossopharyngeal innervated
regions. The subjects were not informed about the type of taste reagent before the
taste examination was performed. The examination of four regions by four taste

reagents was performed only once for each subject. The evaluation of the severity of
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gustatory disorders (dysgeusia) by the filter paper disc method!? was classified into

the following five types (Table 2). “Normal” was that the total average value of all

Left of 2/3 from the Right of 2/3 from the
apex apex

L Glossopharyngeal
innervated region

Circumvallate papillae

Foliate papillae

Chorda tympani
1 innervated region

Left of 2cm from the Right of 2cm from
apex the apex

Fig. 1. The relationship between the innervation regions of taste conducting nerves,

chorda tympani and glossopharyngeal nerves and the taste examination parts of the

tongue

Reagent / Concentration 1 2 3 4 5
Sweetening solution S 15mg 125mg  500mg 1000mg 4000mg
Purified Sucrose -0.30%  -2.50% -10% -20% -80%
Salty liquid N 15mg 62.56mg  250mg  500mg 1000mg
Sodium chloride -0.30%  -1.25% -5% -10% -20%
Sour liquid T 1mg 10mg 100mg  200mg  400mg
Tartaric acid -0.02%  -0.20% -2% -4% -8%
Bitter liquid Q 0.05mg 1mg 5mg 25mg 200mg
Quinine hydrochloride 0.00% -0.02% -0.10% -0.50% -4%

Table 1. Taste test reagents and composition
Reagents was less than 3.0. “Boundary” was that total average value was

greater than 3.0 and less than 3.5. “Mild” was that total mean value was between

3.5 and 4.5. “Moderate” was that total mean value was between 4.5 and 5.5. “Severe”
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was that total mean value was 5.5 or more. No sensitivity was recognized in very

few cases.

Table 2. Evaluation of the severity of gustatory disorders (dysgeusia) using the filter

paper disc test

Type Score Description
Normal (1) 1 The total average value is less than 3.0
Boundary (1) 2 Total average value greater than 3.0 and less than 3.5
Mild () 3 Total mean value between 3.5 and 4.5
Moderate (IV) 4 | Total mean value is between 4.5 and 5.5.
Severe (V) 5 Total mean value of 5.5 or more
No sensitivity (VI) 6 No response at the highest concentration

This work was approved by the ethical committees of Hokuriku University (H30-

04). All subjects were given a detailed explanation of this study and provided written

informed consent in accordance with the ethical guidelines of the ethical committee

of Hokuriku University.

Results

Questionnaire Results

In regards to sweetness, 76.5% of males and 91.7% of females indicated that
they liked it or liked it very much (Fig. 2). Similarly, 64.7% of males and 50.0% of
females liked salty taste (Fig. 3), 76.5% of males and 66.7% of females liked sour
taste (Fig. 4), and 23.5% of males and 25% of females liked bitter taste (Fig. 5).

The results of the questionnaire on taste showed that more than 50% of both

male and female students liked or liked very much sweet, salty and sour tastes, while

less than 25% liked bitter tastes. The percentage of males and females who liked or

liked sweetness very much was 76.5% and 91.7%, respectively.
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Fig. 2. Food preference for sweet (e.g., sweets, candy, juice) answered by questionnaire
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Fig. 3. Food preference for salt (e.g., pickles, salted fish) answered by questionnaire

Taste test results

All taste test results were divided into males and females and analyzed first in
each sex. After then, we compared these data of both sexes to discuss the existence
of sex differences of taste sense threshold in young subjects. At the same time, the

data from four different regions were shown. This clarified the existence of regional
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Fig. 4. Food preference for sour (e.g., citrus) answered by questionnaire
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Fig. 5. Food preference for bitter (e.g., coffee) answered by questionnaire
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Fig. 6. Severity distribution for the basic four tastes in the left of 2 cm from the apex

in males.
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Fig. 7. Severity distribution for the basic four tastes in the right of 2 cm from the

apex in males.
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Fig. 8. Severity distribution for the basic four tastes in the left of 2/3 from the apex

in males.
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Fig. 9. Severity distribution for the basic four tastes in the right of 2/3 from the apex

in males.
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Fig. 10. Severity distribution for the basic four tastes in the left of 2 cm from the

apex in females.
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Fig. 11. Severity distribution for the basic four tastes in the right of 2 cm from the

apex in females.
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Fig. 12. Severity distribution for the basic four tastes in the left of 2/3 from the apex
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Fig. 13. Severity distribution for the basic four tastes in the right of 2/3 from the apex

in females.
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Table 3. The comparative mean scores of each of the tastes between the males and

the females in the four different regions.

Mean value of threshold score
Reagent Sex Left region | Right region | Left region | Right region
of 2ecm from | of 2cm from of 2/3 from of 2/3 from
the apex the apex the apex the apex
Male 2.82 2.88 3.53 3.00
Sweet
Female 2.36 2.21 2.36 2.64
Male 2.24 2.71 2.12 2.12
Salty
Female 1.64 1.93 1.71 1.43
Male 2.24 2.47 2.82 2.06
Sour
Female 1.93 2.14 1.86 1.64
] Male 2.47 2.35 2.53 2.88
Bitter
Female 1.93 2.21 1.79 2.14

Differences in the sense of taste, since there were two taste nerves, the chorda

tympani and the glossopharyngeal nerve in the tongue (Fig. 1).

The results of the taste test of four regions in men are shown in Figures 6 to 13.
Colored bar classified based on severity of gustatory disorders (I-VI) indicates
number of subjects for each basic four tastes. Figure 6, 7, 10 and 11 shows data from
2 cm from the apex of the tongue, whereas Figure 8, 9, 12 and 13 shows data from
2/3 from the apex. The comparative mean scores of the cognitive threshold for each

taste between males and female in four different regions were summarized in Table 3.

Discussion

It is believed that the relative threshold increases with age?. The reason for this
is thought to be that sensitivity to taste decreases with age?. Although there have
been many studies on taste, most of them are related to the elderly or systemic
diseases! 49, and there are few reports on young people in normal physical condition.
In addition, taste can be impaired by systemic diseases, side effects of medications,
psychosomatic factors, xerostomia, and other complex factors. Physiologically, taste

disorders are thought to be caused by changes in taste receptors and transduction
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pathways, but there is no unified view on this5?. Although the pathogenesis of
COVID-19, which is currently raging, is unknown, abnormal taste has been reported
as one of the symptoms in both males and females of all ages®. As mentioned in the
introduction, the number of complaints of dysgeusia in young people has been
increasing in recent years, but there is little data on taste research. Therefore, we
conducted a study on taste thresholds and collected data on preference among young
adult individuals.

The results of the questionnaire on taste show that more than 50% of both male
and female students like or like very much sweet, salty and sour tastes, while less
than 25% like bitter tastes. It is thought that this is because animals are
programmed from birth to instinctively prefer substances that can be used as a
source of nutrition for survival, and humans should also have similarity®. In
particular, sugar (e.g., glucose, sucrose, fructose, maltose, lactose), which is a source
of energy, is essential, so sweetness is given top priority?. In this study, the
percentage of males and females who like or like sweetness very much is 76.5% and
91.7%, respectively. On the other hand, bitterness is considered to be a taste that
organisms do not like because it can be poisonous in nature (e.g. toxic alkaloid)'®. In
this study, 23.5% of males and 25% of females prefer bitter taste, which is lower than
that of salty and sour tastes. Therefore, these results support the ideas of Gary® and
Yarmolinsky!?.

There are various methods of testing for taste abnormalities, but in Japan,
electric taste testing (electrogustometry) and filter paper disc testing are mainly
used!l 12, Electrogustometry is a clinical application which, when electric current is
applied to the tongue, gives a person the taste sensation of licking metal. The
advantage of electrogustometry is that it provides excellent quantitative results for
each neural region and the test takes less than 10 minutes to perform. The
disadvantage of this method is that it is only a threshold test for the specific taste of
metal, and cannot be used to identify sweet, salty, sour, bitter, and umami tastes.
On the other hand, the filter paper disc method has the advantage of being able to
qualitatively evaluate four of the five basic tastes (i.e., sweet, salty, sour, and bitter,
but not umami) by dividing them into the left and right neural regions, and by
concentration. The disadvantage of this method is that it requires repeated
placement and removal of filter paper dipped in the taste solution on the tongue with

tweezers, which is a complicated process and takes about 30 minutes to complete for
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a person!?., In this study, a detailed taste test is conducted using the taste disc
method in order to compare it with a questionnaire on taste. The criteria for judging
the severity of gustatory disorder are used. Sakai et al.!® propose that a total average
value of less than 3.5 is normal, between 3.5 and 4.5 is mild, between 4.5 and 5.5 is
moderate, and greater than 5.5 is severe, and these criteria are still frequently used.
In this study, it is used to establish criteria, although not for the purpose of diagnosis.
As for differences between the sexes in taste perception, it has been reported that
females generally have lower thresholds than males!4 1. According to Inokuchi et
al.19, the mean score of males is compared with that of females in the filter paper
disc test, and although there is a difference between the two, it is not significant, and
there is no need to differentiate between males and females in judging the severity
of the disease. In this study, the total mean score is 2.58 in males and 2.00 in females,
both within the normal range, but the threshold is higher in men. Furthermore, this
study reveals that even in young subjects with no clear physical problems, different
taste ranges can be found: normal, borderline, and mild.

We have been unable to find any reports of taste experiments conducted on
adolescent adults with normal physical condition, and the fact that there is a
significant difference in taste thresholds between males and females is a new finding
that is expected to become basic data for future taste research. Although we would
like to increase the number of subjects and further build up the data, it is difficult to
conduct additional experiments due to the influence of COVID-19, so we have
decided to present the results of our research to date. In addition, although the
detailed pathway of COVID-19-induced gustatory disorder (dysgeusia) is unclear, it
has been reported that it is more prevalent in females, and we hope to gain a full
understanding of this issue.

In the present study, the correlation between the questionnaire results and taste
threshold of each individual subject was not sufficiently analyzed. However, it would
be an interesting problem to analyze the relationship between taste preferences and
taste thresholds. Furthermore, it would be also important to determine whether
there were sex differences in the above correlation analysis. In the near future, these

issues should be examined from the same data used in this study.
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Conclusion

We collected basic data on the sense of taste in youneg subjects and observed
distributions in taste thresholds of across four examination parts between the sexes,
which should prove useful in furthering research on taste in the future. Given the
constraints due to COVID-19, we were unable to test enough subjects to gather
sufficient data to generate a quantifiable measure on which clinical examinations

can be based, so further research is necessary.

Acknowledgments

We would like to express our profound gratitude to Professor Ken Yoshimura,
The Nippon Dental University College at Niigata, for his assistance in editing this

paper. The authors declare that they have no conflict of interest.

References

1. Barragan R, Coltell O, Portolés O, Asensio EM, Sorli JV, Ortega-Azorin C,
Gonzalez JI, Saiz C, Fernandez-Carrion R, Ordovas JM, Corella D. Bitter, sweet,
salty, sour and umami taste perception decreases with age: Sex-specific analysis,
modulation by genetic variants and taste-preference associations in 18 to 80-year-
old subjects. Nutrients 2018 Oct 18; 10(10): 1539.

2. Stok FM, Renner B, Clarys P, Lien N, Lakerveld J, Deliens T. Understanding
eating behavior during the transition from adolescence to young adulthood: A
literature review and perspective on future research directions. Nutrients 2018
May 24; 10(6): 667.

3. da Costa KVT, Carnauba ATL, Rocha KW, de Andrade KCL, Ferreira SMS,
Menezes PdL. Olfactory and taste disorders in COVID-19: a systematic review.
Braz J Otorhinolaryngol. 2020 Jun 9: 1-12.

4. Narukawa M, Misaka T. Taste science - The relationship between aging and taste
sensitivity-. Nihon Ronen Igakkai Zasshi. 2020; 57(1):1-8.

5. Sakagami M, Kurono Y, Inokuchi A, Takeda N, Aiba T, Nin T, Ikeda M. Time
course of changes in gustatory function test results and subjective symptoms, and

predictive factors for response in patients with taste disorder receiving 24-week

14 (250)



zinc replacement treatment. Nippon Jibiinkoka Gakkai Kaiho. 2014; 117: 1093-
1101.
6. Sakaguchi A, Nin T, Oka H, Maeda E, Negoro A, Umemoto M, Sakagami M.
Clinical analysis of 1059 patients with taste disorders. Nihon Jibiinkoka Gakkai
Kaiho. 2013 Feb; 116(2): 77-82.
7. Toya S. Possibility of new indication for xerostomia of cevimeline and pilocarpine.
Oral Therapeutics and Pharmacology. 2017; 36(1) 29-31.
8. Tellez LA, Han W, Zhang X, Ferreira TL, Perez 10, Shammah-Lagnado SJ, van
den Pol AN, de Araujo IE. Separate circuitries encode the hedonic and nutritional
values of sugar. Nat Neurosci. 2016; 19: 465-470.
9. Beauchamp GK. Why do we like sweet taste: A bitter tale? Physiol Behav. 2016
October 1; 164(Pt B): 432-437.
10. Yarmolinsky DA, Zuker CS, Ryba NJP. Common sense about taste: From
mammals to insects. Cell. 2009; 139: 234-244.

11. Nishida K, Kobayashi M, Takeuchi K. Suggestion for future (“Mirai”) diagnosis
of taste disorder. Stomato-pharyngology. 2018; 31(2): 155-160.

12. Tomita H, Ikeda M, Okuda Y. Basis and practice of clinical taste examination.
Auris Nasus Larynx. 1986; 13: 1-15.

13. Sakai F, Yoshida S, Endo S, Tomita H. Therapeutic efficacy of zinc picolinate in
patients with taste disorders. Nippon Jibiinkoka Gakkai Kaiho. 1995; 98: 1135-
1139.

14. Hyde RdJ, Feller RP. Age and sex effects on taste of sucrose, NaCl, citric acid and
caffeine. Neurobiol Aging. 1981; 2(4): 315-318.

15. Mojet J, Christ-Hazelhof E, Heidema J. Taste perception with age: Generic or
specific losses in threshold sensitivity to the five basic tastes? Chem Senses. 2001;
26: 845-869.

16. Inokuchi A. Diagnosis of taste disorders. Stomatophalyngol. 2012; 25: 7-10

(in Japanese).

15 (251)





