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Abstract 

Objective: Tooth erosion is an increasingly common dental problem caused by acidic foods and beverages. Some people consume black vinegar 
for its potential health benefi ts. Advising them to stop consuming black vinegar may not be appropriate because of these benefi ts. We developed a 
strategy to prevent salivary acidifi cation using a calcium carbonate-containing tablet originally developed for the treatment of halitosis.

Methods: Young, healthy female volunteers (20-21 years old, n = 20) were recruited and administered a calcium carbonate-containing tablet after 
consuming black vinegar. 

Results: The tablet neutralized acidifi ed saliva more rapidly than the control gum. We also administered the tablet to a patient with severe tooth 
erosion. No progression of tooth erosion was observed, even though the patient continued their habitual black vinegar consumption.

Conclusion: These fi ndings suggest that the calcium carbonate-containing tablet has a salivary neutralizing effect and can regulate salivary pH 
without requiring changes in black vinegar consumption habits.
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can modify the oral microbiota, and we have obtained 
favorable clinical outcomes [6–9]. Some Japanese dentists 
also use calcium carbonate-containing tablets [10] to reduce 
anxiety in patients with halitosis. These tablets are expected 
to neutralize saliva acidiϐied by gastroesophageal reϐlux [11], 
which often causes discomfort and anxiety about bad breath. 

Another emerging dental problem is tooth wear. Tooth 
wear is the loss of dental hard tissue due to noncarious 
processes and can be classiϐied as attrition, abrasion, or 
erosion [12]. Tooth erosion is deϐined as the irreversible 

Introduction
Dental caries and periodontitis are the two major oral 

health problems [1], but dentists also need to address other 
conditions. One of these is halitosis, which is a concern for 
people worldwide [2]. Oral malodor is caused by oral bacteria, 
including periodontal pathogens [3,4]. The use of disinfectants 
and antibiotics may be effective, but excessive use may result 
in oral mucosal problems or changes in the oral microbiota 
[5]. Therefore, we have been investigating another strategy: 
the use of tablets containing probiotic bacteria. These bacteria 
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loss of tooth structure due to chemical dissolution by acids 
of nonbacterial origin [13]. Carbonated beverages, sports 
drinks, and acidic foods are known to cause tooth erosion 
[14]. Systemic conditions, such as gastroesophageal reϐlux 
and eating disorders, can also cause tooth erosion [15].

Dentists are increasingly aware of the growing problem of 
tooth erosion and recommend reducing the consumption of 
carbonated beverages and sports drinks. However, dentists 
in Japan still encounter cases of severe tooth erosion. One 
possible cause is habitual black vinegar consumption [16]. 
Black vinegar is known to have beneϐicial effects on general 
health [17–20], and some people consume black vinegar 
drinks after each meal. Advising patients to stop consuming 
black vinegar may not always be appropriate because it may 
contribute to their overall health. 

Therefore, we are considering a new strategy: the use 
of calcium carbonate-containing tablets after black vinegar 
consumption. These tablets were originally developed for 
patients with halitosis in Japan (personal communication). 
They contain natural scallop-derived calcium and other 
ingredients and are used to freshen breath after meals 
and relieve discomfort associated with acid reϐlux. They 
are expected to restore the salivary pH reduced by acidic 
substances, but their precise mechanisms of action and in vivo 
effects have not yet been investigated. 

In this study, we performed preliminary experiments 
to examine whether calcium carbonate-containing tablets, 
Excellent Breath Tablet (EBT) (Alphanet, Tokyo, Japan) 
could neutralize saliva acidiϐied by black vinegar. We also 
administered EBT to a patient with severe tooth erosion.

Materials and methods
Calcium carbonate-containing tablet and other 
materials

EBT is commercially available in Japan. I t contains calcium 
carbonate, magnesium hydroxide, glucose, maltitol syrup, 
dextrin, xylitol, calcium stearate, silicon dioxide, and ϐlavoring 
agents. Black vinegar (ORIHIRO Co., Ltd., Gunma, Japan) was 
used to acidify saliva. Saliva Gum (Tokyo Shizaisya Co., Ltd., 
Tokyo, Japan), which is unϐlavored, was used as a control.

In vitro experiment

The pH of the solution was measured using a compact 
digital pH meter (LAQUAtwin; Horiba, Ltd., Kyoto, Japan). The 
meter was ϐirst calibrated using a pH 7 buffer, followed by a 
pH 4 buffer (for acidic samples) or a pH 9 buffer (for basic 
samples). One EBT tablet was added to distilled water (DW) or 
a 10% black vinegar solution, and the mixture was stirred at 
250 rpm and 20°C. The pH of the solution was measured. The 
pH was measured every 2 minutes and up to 8 or 18 minutes. 

Participants

The study population comprised 20 healthy female 

volunteers aged 20 or 21 years.  The study was conducted in 
accordance with the Helsinki Declaration. It was approved by 
and conducted under the supervision of the Ethics Committee 
for Clinical Research of Fukuoka Gakuen (Approval No. 594). 
All participants understood the purpose and content of the 
study and provided written informed consent to participate.

Exclusion criteria

The exclusion criteria were medical conditions such as 
diabetes mellitus, renal disease, gastrointestinal disorders, 
and respiratory diseases; evidence of recent bronchitis, 
sinusitis, or tonsillitis; pregnancy; current antibiotic or other 
antimicrobial therapy; and smoking. Participants were also 
excluded if clinical screening before the study revealed probing 
depths of ≥4 mm, cavitated carious lesions, nasopharyngeal 
abnormalities, mouth breathing, or orthodontic or dental 
appliances.

In vivo experiment

Twenty participants took part in the ϐirst experiment. 
Unstimulated saliva was collected, and baseline salivary pH 
was measured using a portable pH meter. The participants 
then swallowed 10 mL of black vinegar solution (1:10 
dilution). Immediately afterward, they expectorated saliva 
into a disposable plastic tube, and its pH was measured using 
a compact digital pH meter. The participants then licked one 
EBT tablet while holding it on their tongue. Salivary pH was 
subsequently measured every 1 minute using expectorated 
saliva.

One week later, 19 volunteers participated in the second 
experiment. One participant was unable to attend because she 
had developed a cold. The same procedure was followed, but 
saliva was collected after the participants chewed Saliva Gum 
instead of licking an EBT tablet.

Patient information

EBT tablet was applied to a patient with severe erosion. 
The patient was 60-years female, and she had no systemic 
diseases including gastroesophageal reϐlux. She drinks one 
spoonful of black vinegar after each meal.

Statistical analysis

Statistical analyses were performed using StatLight 
(Yukms Co., Ltd., Kawasaki, Japan). 

Results
Change in DW pH after dissolution of EBT

First, we measured the pH of the EBT solution. Figure 1 
shows the change in DW pH after the addition of one EBT tablet. 
The pH gradually increased, reaching 10 after 8 minutes.

Effect of EBT on the pH of black vinegar solution

Next, we measured the pH of the 10% black vinegar 
solution, which was 3.4 (Figure 2). After the addition of one 
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EBT tablet, the pH of the solution increased, reaching 7.0 after 
18 minutes.

Salivary pH of each participant

We conducted a clinical experiment to examine the effect 
of EBT on saliva acidiϐied by black vinegar solution (Table 1). 
One participant was unable to attend the second experiment, 
because she had developed a cold. The left side of the table 
shows the results for EBT administration (n = 20), while the 
right side shows those for gum chewing (n = 19). Baseline 
salivary pH ranged from 4.4 to 8.7, while pH after consumption 
of the black vinegar solution ranged from 1.9 to 8.5. Salivary 
pH varied considerably among participants, making it difϐicult 
to analyze all the data together. Therefore, we focused on 
participants whose salivary pH was below 6.0 after consuming 
the black vinegar solution (yellow column).

Changes in acidifi ed salivary pH after EBT 
administration

Individual changes in salivary pH are summarized in 
Figure 3. Both EBT administration and control gum chewing 
increased the pH of acidiϐied saliva, although the patterns 

of change differed slightly. With EBT, salivary pH increased 
rapidly after 1 minute and then declined to the neutral range 
at 2 minutes. With control gum chewing, salivary pH gradually 
increased to the neutral range at 2 minutes.

Comparison of salivary pH after 1 minute

EBT administration signiϐicantly increased the pH of 
acidiϐied saliva after 1 minute, whereas control gum chewing 
did not (Figure 4).

Application of EBT in a patient with tooth erosion

Figure 5A shows intraoral photographs of a patient 
with tooth erosion at the initial visit. Extensive erosion 
was observed on the surfaces of the maxillary incisors. The 
occlusal surfaces of the molars also showed severe erosion. 
Some ϐillings were missing, and dental caries was observed. 
We temporarily restored the affected surfaces with composite 
resin. We did not ask the patient to change their black vinegar 
consumption habits but instructed them to lick one EBT 
tablet after drinking black vinegar. Figure 5B shows intraoral 
photographs of the patient after 1 month. The temporary 
restorations remained intact, and no new erosion or dental 
caries was observed.

Discussion
Enamel is the hardest tissue in the human body, but it is 

vulnerable to chemical damage, such as that caused by acidic 
or carbonated beverages [21]. Health-conscious behaviors 
may also lead to the consumption of foods and beverages 
associated with tooth erosion. More people are participating 
in sports these days, often consuming sports drinks. In Japan, 
people also drink black vinegar to improve their health [16]. 
Black vinegar is a traditional fermented product that is widely 
consumed in Japan [17]. Such fermented foods have attracted 
worldwide attention for their potential to promote longevity 
[18]. Acetic acid, the main component of vinegar, has been 
reported to have anti-obesity effects and improve glucose 
metabolism [19,20]. Thus, black vinegar may offer several 
health beneϐits, making it difϐicult to advise patients to stop or 
reduce their consumption. 
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Figure 1: Change in DW pH after dissolution of EBT.
Change in DW pH after the addition of one EBT tablet. Baseline means DW 
only. After the addition of the EBT tablet, the time count started.
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Figure 2: Effect of EBT on the pH of black vinegar solution.
Change in the pH of a 10% black vinegar solution after the addition of one 
EBT tablet. EBT tablet. Baseline means DW only. The pH was measured 
following tablet addition.
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Figure 3: Changes in acidifi ed salivary pH after EBT administration.
Individual changes in salivary pH are shown. (A) Changes in pH after licking 
EBT. (B) Changes in pH after chewing control gum. Baseline means DW 
only. After addition of the EBT tablet, time count started. Just after drinking 
black vinegar, participants started licking the EBT tablet or chewing the 
gum. From this point, the time count started.
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Therefore, we considered using EBT as a salivary buffering 
agent to prevent tooth erosion. EBT is commercially available 
in Japan and is used to freshen breath after meals. Some 
people lick EBT tablets to relieve discomfort associated 
with gastroesophageal reϐlux because they contain calcium 
carbonate and are expected to have a salivary buffering effect. 
EBT may also reduce anxiety about bad breath associated 
with saliva acidiϐied by gastric juice. 

To date, no studies have reported basic or clinical data 
on EBT. In our experiment, EBT gradually increased DW pH, 
as expected. It also increased the pH of the black vinegar 
solution. We then proceeded to the in vivo experiments, in 
which EBT increased the pH of saliva acidiϐied by black vinegar 
solution. Baseline salivary pH and changes in pH after black 
vinegar consumption varied among participants, suggesting 
considerable differences in salivary buffering capacity [22]. 
The variance of the in vitro experiments was very small, 
and the pH measurement itself is reliable. The variance of in 
vivo experiments is considered to be due to variance among 
participants. Therefore, we focused on 12 participants whose 
salivary pH decreased to below 6.0 after consuming black 
vinegar. This is a preliminary experiment to examine the 
effect of EBT on buffering capacity, so we chose participants 
who have low saliva buffering capacity. EBT administration 
increased the pH of saliva acidiϐied by black vinegar more 
rapidly than control gum chewing. These ϐindings indicate 
that EBT is effective in neutralizing saliva after black vinegar 
consumption. Interestingly, neutralization occurred more 
rapidly in the oral cavity than in the in vitro experiment. This 
may be because the buffering effects of saliva and EBT work 
together in the oral cavity. 

Table 1: The data are sorted by the order of low pH just after intake of black vinegar. The pH data less than 6.0 are highlighted by yellow (low pH group), and pH data of base line, 1 
minute and 2 minutes of low pH group are highlighted by bule, and these are proceeded to the next analysis.

black vinegar + EBT  black vinegar + control gum

base line 0 min 1 min 2 min 4 min 8 min 12 min  base line 0 min 1 min 2 min 4 min 8 min 12 min

8.7 1.9 8.3 5.5 7.5 1.7 7.4  6.0 2.6 4.5 6.2 6.2 6.2 6.2 

6.1 2.6 7.3 7.9 7.7 7.8 7.5  7.2 3.6 5.5 6.4 6.6 6.7 7.5 

6.7 3.6 4.9 7.6 8.7 7.5 6.7  6.5 3.7 7.4 8.4 8.0 7.9 7.6 

6.3 3.8 6.3 7.5 6.3 6.4 7.1  6.7 3.9 6.9 8.3 7.8 7.8 7.8 

7.0 3.9 7.9 7.3 7.7 7.7 7.5  7.8 4.1 6.1 7.6 7.0 7.4 6.0 

7.2 4.5 7.5 7.5 8.3 7.2 7.2  6.6 4.9 5.9 6.3 8.0 6.0 6.0 

7.4 4.7 8.9 8.1 8.9 9.0 8.8  8.5 5.1 6.2 8.6 7.5 8.5 8.7 

6.8 4.9 8.3 8.5 7.8 7.9 7.8  5.6 5.2 6.1 7.5 7.0 6.6 7.0 

7.9 4.9 7.1 8.5 9.2 9.3 9.3  7.2 5.3 6.6 7.8 7.8 7.2 7.5 

7.7 5.8 7.3 8.4 8.7 8.8 8.1  7.6 6.3 7.7 7.1 7.2 7.1 7.2 

7.3 6.0 8.4 8.5 8.5 8.8 8.5  4.4 6.5 1.6 4.2 6.4 3.2 4.5 

7.4 6.1 9.3 9.4 9.3 9.2 8.3  6.7 6.5 7.9 7.2 7.2 6.8 6.7 

8.6 6.3 9.4 9.2 9.0 9.1 8.4  6.1 6.7 6.7 6.7 6.5 6.4 6.4 

7.1 6.7 7.8 7.9 8.3 8.3 7.8  7.7 6.9 7.2 7.6 8.2 8.2 7.1 

7.4 7.2 8.8 8.5 8.6 8.6 8.5  7.2 7.6 8.3 7.8 7.6 8.0 7.8 

7.3 7.5 8.0 8.4 8.1 8.2 7.5  6.0 7.6 7.5 7.2 6.8 6.5 6.1 

6.3 7.7 8.1 7.9 7.9 7.1 7.1  7.1 8.0 8.2 7.3 7.5 7.3 8.5 

6.8 7.8 8.6 8.6 8.8 8.7 8.5  7.5 7.1 7.3 6.0 8.6 8.1 8.1 

7.7 8.5 7.5 7.4 7.4 7.3 7.5  6.4 6.1 7.3 7.9 6.9 6.9 7.3 

8.5 6.5 6.5 7.4 7.5 7.0 7.0  one participant did not attend in the second experiment
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Figure 4: Comparison of salivary pH after 1 minute.
Data are presented as the mean and standard deviation of each group. 
(A) Changes in salivary pH in the EBT group. (B) Changes in salivary pH in 
the control gum group. An asterisk indicates a signifi cant difference (p < 
0.05).

Figure 5: Clinical fi ndings of a patient with tooth erosion.
A: Oral condition at the fi rst visit. Tooth erosion was observed on the 
surfaces of the maxillary incisors. The occlusal surfaces of the molars also 
showed severe erosion. Some fi llings were missing, and dental caries was 
observed.
B: Intraoral photographs of the patient after 1 month. The temporary 
restorations remained intact, and no new erosion or dental caries was 
observed.
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We encountered a patient with severe tooth erosion. The 
patient had no systemic diseases, including gastroesophageal 
reϐlux. She consumed black vinegar after each meal, which was 
considered a major cause of the erosion. Although the eroded 
teeth required restoration, the oral condition needed to be 
controlled beforehand [23,24]. Therefore, we administered 
EBT after placing temporary composite resin restorations. 
If the oral condition is not adequately controlled, resin 
restorations may become dislodged prematurely. With EBT 
use, the patient’s oral condition remained stable for 1 month, 
even though the patient continued consuming black vinegar. 
This suggests that EBT could maintain salivary pH within 
the neutral range even after black vinegar consumption. If 
this favorable oral condition persists, we will proceed with 
permanent restorations. 

This study has several limitations and unresolved 
questions. Because this was a preliminary experiment, the 
number of volunteers may have been insufϐicient. In fact, 
because of variations in salivary buffering capacity among 
participants, we could use data from only 12 of 20 participants. 
We need to calculate the minimum required sample size for a 
properly designed experiment and recruit more volunteers. 
We also need to expand the participants’ variation, such as 
age and sex. In addition, the control group chewed gum rather 
than licking a tablet. A placebo tablet will be needed to ensure 
comparable experimental conditions. We used a 10% black 
vinegar solution in this preliminary experiment to reduce 
participant discomfort. However, some people consume black 
vinegar without dilution. Therefore, we also need to examine 
other concentrations of black vinegar solution in future 
studies. Eating cheese is considered to be a good strategy to 
prevent tooth erosion. But it is difϐicult to eat cheese after 
every meal, so EBT may be a more convenient method.

EBT was originally developed for individuals seeking to 
freshen their breath and relieve discomfort associated with 
gastroesophageal reϐlux, as reϐlected in the name “Excellent 
Breath.” If its effectiveness can be conϐirmed in a larger study 
population, EBT may also be useful for preventing tooth 
erosion caused by other foods and beverages, in addition to 
treating halitosis. 

Conclusion
The calcium carbonate-containing tablet (EBT) has a 

buffering effect on saliva acidiϐied by black vinegar. EBT 
administration could prevent the progression of tooth erosion 
in a patient who regularly consumes black vinegar.
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