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Usefulness of Salivary Testing Machine on Oral Care
Management: Pilot Study
Hyewon Kim, Jongbin Kim
Department of Pediatric Dentistry, School of Dentistry, Dankook University, Cheonan, Korea

Objective: This study aimed to evaluate the amount of cariogenic bacteria, acidity, buffer capacity, blood, leukocyte, protein, and ammonia from the saliva component to determine the possibility of using salivary testing machine.
Methods: The study was conducted on 10 male and female adults. Subjects were treated with herbal medicinal toothpaste
for 2 weeks, and then examined with an anterior and postoperative salivary testing machine.
Results: After 2 weeks of use of the toothpaste, the mean value of the results was lower for all indicators except for acidity.
White blood cells and protein levels, indicators related to gum health, have improved.
Conclusion: The latest salivary testing machine can be useful for simple and effective evaluation of oral diseases and prediction of risk in difficult-to-cooperate children.
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Introduction

common oral diseases, and various research and diagnostic
methods. There are methods using a monoclonal antibody, a
method using polymerase chain reaction, DNA probe method,
and how to evaluate dental plaque acid production ability [4-7],
and so on. Most of these diagnostic methods are costly or time
consuming, so they are difficult to apply clinically easily. Early
diagnosis of dental caries in pediatric dentistry is an important
factor. Diagnostic methods in children who are difficult to cooperate should be noninvasive, simple, and inexpensive.
Recently, the saliva test machine (Arkray, Tokyo, Japan) is
a diagnostic tool that can be easily and inexpensively tested in
children. By measuring the number of cariogenic bacteria, acidity, buffer capacity, blood, leukocyte, protein and ammonia
from saliva components with this device, oral diseases such as
dental health, gum health, and oral malodor can be evaluated.
Using the saliva test machine, a prototype study was planned
to compare the results with after using dentifrice included herb
medicine ingredients (Dong Wha PHARM, Seoul, Korea)
which is known to improve gum disease for 2 weeks.

Dental diseases such as dental caries and gum disease are
known to occur due to diverse factors such as diet, plaque, tooth,
time, saliva, lifestyle, and socio-economic factors [1,2]. Therefore, in order to prevent this effectively, it is necessary to investigate the causes of oral diseases that are important to each individual and to provide customized prescriptions accordingly
[3]. In particular, dental caries and gum disease are the most
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Materials and Methods
1. Subject
This study was conducted from June 16, 2017 to June 30,
2017, with 10 healthy adults (4 males and 6 females) in their
mid-20s and early 30s. The subjects agreed to participate in the
study and were able to perform the experiment. The subjects did
not have systemic disease and did not take antibiotics during the
test [8].

2. Method
Subjects were not brushing for more than 1 hour after eating
the same food to control the variables, and also refrained from
ingesting other foods. And then measured using the saliva test
machine according to manufacturer’s instructions (Figure 1).
Subject is a 10-second gargling with the enclosed solution and
then spits into the cup. Aspirate the solution with a syringe and
drop the solution into the test strip within 5 seconds (Figure 2).
Absorb the excess solution in the test strip for 10 seconds into

the tissue, remove the ammonia spacer, place the test strip in the
holder of the instrument, and check the result after 260 seconds.
Subjects used dentifrice included herb medicine ingredients for
two weeks. Measurements were taken twice before and after the
use of the dentifrice [9].

Results
The average age of the subjects was 27.6 years. The results
of the seven measured items are measured at 565/635/760 nm
wavelength (Table 1). The measured value is expressed as an
equivalence value through the conversion equation programmed in the instrument and ranges from 0 to 100.
If the equivalence value is lower than the normal range in
Table 2, it means ‘low risk’, and in case of high means ‘high
risk’. However, the buffering capacity means ‘high risk’ when
the equivalence value is lower than the normal range, and ‘low
risk’ when the equivalence value is higher than the normal
range. The acidity, /10 ml streptococci, and buffering capacity
were higher at higher reflectance, and blood, leukocytes, pro-

Table 1. Specifications of salivary testing machine
Test items (7 items)

Sample
Test time
Test principle
Figure 1. Instrument, dropper, oral rinse solution and test strip.

Required amount of
sample
Wavelength

Cariogenic bacteria (MS)
Acidity (pH)
Buffer capacity (BFC)
Blood (Bld)
Leukocyte (Leu)
Protein (Pro)
Ammonia (NH3)
Rinsed solution
5 minutes
Dual-wavelength reflectance method
(1 wavelength for Bld and NH3)
180 μl (Drop 20 μl for each test item)
565/635/760 nm

Table 2. Measuring range, reference value, equivalent value and
normal range of each test item
Test items

Figure 2. Apply the test sample drop by drop onto the middle of
each pad of the test strip.
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Measuring Reference value Normal
range
(equivalent value) range

6
8
Cariogenic bacteria (cfu/ml)
10 -10
Acidity
pH 6.0-8.0
Buffer capacity
pH 2.8-6.0
Blood (mg/dl)
0-0.50
Leukocyte (U/L)
0-200
Protein (mg/dl)
0-60
0-10,000
Ammonia (NH3) (N-μg/dl)

107 (62-99)
pH 7.0 (29-62)
pH 4.5 (25-55)
0.05 (16-57)
10 (35-77)
30 (50-74)
2,000 (33-70)

28-47
35-62
28-47
14-29
37-60
36-53
43-63
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tein and ammonia have a higher risk of lower reflectance.
After 2 weeks of using the dentifrice, the average value of the
results was improved in all the index except acidity (Figure 3).

Discussion
This is a preliminary study that examines the clinical applicability of the saliva test machine, which was introduced to measure dental health, gum health and oral malodor with a single test.
The saliva test machine provides more visible data by measuring and quantifying 7 items. Dental caries, acidity and buffering
ability predict dental health. Blood, leukocyte and protein predict gingival health. Ammonia levels can predict oral malodor.

Figure 3. Comparison of before and after equivalent value for each
item.

The number of S. mutans/10 ml in saliva and plaque and the
apparent association of dental caries morbidity, frequency, and
progression have already been demonstrated in many studies
[10-12]. According to Emilson et al. [13] and Togelius et al.
[14], the degree of colonization of S. mutans/10 ml in the tooth
surface and saliva was associated with the number of S. mutans
/10 ml colonies in the oral cavity, and Krasse [15] suggested that
the S. mutans/10 ml population in saliva could be used to evaluate the risk of developing dental caries. S. mutans/10 ml metabolizes food carbohydrates to form strong acids to decalcify the
teeth, is highly acid resistant, and is associated with the onset
and progression of caries [16]. It has the ability to reach the critical pH required for tooth decalcification and to initiate, maintain, and sustain acid production at low pH values compared to
other plaque bacteria [17]. Demers et al. [18] reported that S.
mutans could be used as an indicator of dental caries development because it mainly acts on the expression of early caries.
Based on this, most of the existing diagnostic devices are limited
in that they can only measure single elements such as dental caries risk, gum health, or oral malodor, or take a long time to produce the results and complicate the process.
Dental health is assessed by the number of S. mutans in the
saliva, the acidity of the saliva, and the buffer capacity of the
saliva. S. mutans is a major cariogenic bacterium that measures
its population and increases the risk of dental caries below pH
5.5, thus evaluating dental health by measuring saliva pH and
buffering capacity [19]. Resazurin is resorufin through the
non-toxic reduction process of S. mutans and is reddish purple

Figure 4. Measurement principle.
CHP: cumene hydroperoxide, TMBZ:
tetramethyl benzidine, TAI: N-toluenesulfonyl-L-alanyl oxy indole,
MMB: 4-methyl morpholine borane,
TCTIF: tetrachloro tetraiodo fluorescein, BCG: bromocresol green.
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as the amount of reduction [20]. The acidity and buffering capacity of saliva can be confirmed by oral hydrogen ion
concentration. The pH of the saliva is expressed from yellow
to blue depending on the concentration of hydrogen ions in the
saliva (Figure 4).
Gingival health is assessed through detection of blood components, leukocytes, and protein components in saliva.
Clinically healthy gingivals contain a small number of white
blood cells, but when periodontal disease occurs, the periodontal tissue is destroyed and the gingival crevicular fluid,
blood volume, and white blood cell count increase significantly
[21]. Leukocytes exit the vein and enter the gingival fissure
through the junctional epithelium. When white blood cells meet
bacteria, they act as a phagocyte, releasing proteins such as proteolytic enzymes and hydrolytic enzymes to break down the microorganisms that are digested [16]. Cumene hydroperoxide
and a tetramethyl benzidine used as reagent are the oxydized
cumene hydroperoxide by the catalytic action of hemoglobin
will take on a blue color [22]. N-toluenesulfonyl-L-alanyl oxyindole reacts with leucocyte esterase to form an indole, and the
resulting indole hydrates the 4-methyl morpholine borane and
causes a coupling reaction to produce a purple color. The protein
is reddish to produce a complex with Tetrachloro tetraiodo fluorescein, which is light pink (Figure 4).
Oral malodor is assessed with ammonia gas. As volatile sulfur compounds are known to be the main cause of oral malodor,
research on other substances caused by bacteria in the oral cavity and development of measuring devices is not well known.
However, the method of measuring oral malodor by detecting
ammonia gas is simpler and more accurate than the conventional oral malodor method. Amano et al. [23] found that methyl
mercaptan with the lowest oral malodor threshold among volatile sulfur compounds has a significant correlation with oral ammonia levels, and the oral bacteria produced ammonia and the
ammonia level correlated with the total number of bacteria in
the mouth. Ammonia ions are converted into ammonia gas by
oxidation reaction, and ammonia gas is blue with bromocresol
green (Figure 4).
As a result of the experiment, the average of the equivalence
value, after 2 weeks, decreased risk in all the indicators except
the acidity (Figure 3). It is also noteworthy that leukocyte and
protein levels were reduced in 7 of 10 patients. Leukocytes and
proteins are associated with gum health, which has been shown
to improve gum health.
The saliva test machine has seven measurements that indicate dental health, gum health and oral malodor in one
measurement. It is very simple to use, and if you have a computer
connected to your device without costly laboratory instruments
or a long incubation period, you can quickly get results in just
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over 5 minutes, and it’s very easy to use. Heo et al. [24] found
that the conventional culture method used for quantitative analysis of bacteria required 48 hours to confirm the results and had
to be equipped with an incubator. In addition, Saliva-check using the monoclonal antibody of the saliva, which has been widely used method to check the results in 15 minutes mutans kit
(GC, Tokyo, Japan) is not currently imported. The measurement of S. mutans using polymerase chain reaction requires a
somewhat complicated process through specialized personnel
in a laboratory equipped with equipment [5]. It can be applied
to patients with dry mouth or those who are unable to collect
more than a certain amount of saliva because the sample can be
measured by spitting the mouth with the enclosed solution. The
program automatically records the results and can instantly output a graph that superimposes results by date in an easy-to-understand manner, making it easy to recognize changes at a
glance. The results of this study can be helpful in determining
educational effect and treatment timing for oral disease management because it does not need to write down the results manually and can explain to the patients based on the output results.
The device is portable which is small in size (160 mm in width,
105 mm in length, 51 mm in height) and light (430 g).
However, according to Snyder [25], there is a correlation between the theoretical background of the test and the actual clinical condition of the patient, and it is said that there should be
consistent results even in the case of repeated treatment.
Reliability is the most important among them.
The results of the saliva test machine are colorimetrically
quantified by colorimetric method. Therefore, it is necessary
further studies to confirm the correlation between clinical outcomes and clinical outcomes through routine clinical diagnostics. If the follow-up study is followed, the saliva test machine,
which can easily and quickly evaluate tooth health, gum health,
oral malodor without additional equipment, may be useful in
establishing effective prevention and treatment strategies in the
clinic.

Conclusion
The purpose of this study was to evaluate the clinical applicability of the instrument for evaluating dental health, gum
health, and oral malodor in a simple and rapid manner using
saliva. In the 20s and 30s healthy adults, using the dentifrice included herb medicine ingredients for 2 weeks, we conducted a
pilot test. The mean value of the results was improved in all the
indicators except the acidity.
Through this, the saliva test machine was found to be useful
for clinical evaluation of oral diseases effectively and risk
prediction.

Hyewon Kim and Jongbin Kim：Usefulness of Salivary Testing Machine on Oral Care Management: Pilot Study

Acknowledgements
This study was supported by research fund from Dankook
University, 2017.

References
1. Hamada S, Slade HD. Biology, immunology, and cariogenicity
of Streptococcus mutans. Microbiol Rev 1980;44:331-84.
2. Bratthall D. Selection for prevention of high caries risk groups.
J Dent Res 1980;59:2178-82.
3. Lee DH, Hong SO, Lee SR. Dental caries management of a patient with a high caries risk based on the caries risk assessment:
a case report. Korean J Dent Mater 2016;43:231-8.
4. Gu F, Lux R, Anderson MH, del Aguila MA, Wolinsky L, Hume
WR, et al. Analyses of Streptococcus mutans in saliva with species-specific monoclonal antibodies. Hybrid Hybridomics
2002;21:225-32.
5. Tanzer JM. On changing the cariogenic chemistry of coronal
plaque. J Dent Res 1989;68:1576-87.
6. French CK, Savitt ED, Simon SL, Eklund SM, Chen MC, Klotz
LC, et al. DNA probe detection of periodontal pathogens. Oral
Microbiol Immunol 1986;1:58-62.
7. Min JH, Yoon HC, Kim JK, Kang SM, Kim BI. Assessment of
acidogenic potential for dental biofilms by periodontal health
condition. J Dent Hyg Sci 2015;15:202-8.
8. Ferretti JJ, Ward M. Susceptibility of Streptococcus mutans to
antimicrobial agents. Antimicrob Agents Chemother 1976;10:
274-6.
9. Svanberg M, Westergren G. Effect of SnF2, administered as
mouthrinses or topically applied, on streptococcus mutans,
streptococcus sanguis and lactobacilli in dental plaque and
saliva. Scand J Dent Res 1983;91:123-9.
10. Fontana M, Zero DT. Assessing patients’ caries risk. J Am Dent
Assoc 2006;137:1231-9.
11. Twetman S, Fontana M. Patient caries risk assessment. Monogr
Oral Sci 2009;21:91-101.
12. Twetman L, Twetman S. Comparison of two chair-side tests for

13.

14.

15.

16.
17.
18.

19.
20.

21.

22.
23.

24.

25.

enumeration of mutans streptococci in saliva. Oral Health Dent
Manag 2014;13:580-3.
Emilson CG, Axelsson P, Kallenberg L. Effect of mechanical and
chemical plaque control measures on oral microflora in
schoolchildren. Community Dent Oral Epidemiol 1982;10:111-6.
Togelius J, Kristoffersson K, Anderson H, Bratthall D. Streptococcus mutans in saliva: intraindividual variations and relation
to the number of colonized sites. Acta Odontol Scand 1984;42:
157-63.
Krasse B. Can microbiological knowledge be applied in dental
practice for the treatment and prevention of dental caries. J Can
Dent Assoc 1984;50:221-3.
Samaranayake LP. Essential microbiology for dentistry. 2nd ed.
Edinburgh: Churchill Livingston; 2002:205-32.
Korean Academy of Pediatric Dentistry. Textbook of pediatric
dentistry. 5th ed. Seoul: Yenang; 2014.
Demers M, Brodeur JM, Simard PL, Mouton C, Veilleux G,
Fréchette S. Caries predictors suitable for mass-screenings in
children: a literature review. Community Dent Health 1990;7:
11-21.
Dowd FJ. Saliva and dental caries. Dent Clin North Am 1999;
43:579-97.
Buergers R, Rosentritt M, Handel G. Bacterial adhesion of
Streptococcus mutans to provisional fixed prosthodontic
material. J Prosthet Dent 2007;98:461-9.
Paik DI, Kim HD, Jin BH, Park YD, Shin SC, Cho JW, et al.
Clinical preventive dentistry. 5th ed. Seoul: Komoonsa; 2011:
266-78.
Genshaw MA. Color aspects of reagents used visually in clinical
analysis. Color Res Appl 1985;10:235-44.
Amano A, Yoshida Y, Oho T, Koga T. Monitoring ammonia to
assess halitosis. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2002;94:692-6.
Heo SJ, Shin TJ, Hyun HK, Kim JW, Jang KT, Lee SH, et al. A
pilot study of relationship between early childhood caries experience and chair-side test results for caries-risk assessment. J
Korean Acad Pediatr Dent 2017;44:298-305.
Snyder ML. Laboratory methods in the clinical evaluation of caries activity. J Am Dent Assoc 1951;42:400-13.

www.ijcpd.org

93

