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ABSTRACT 

The aim of the study was to evaluate the effect of mouth cleaning with 

hinokitiol-containing gel on oral malodor. An open-label, randomized, controlled trial 

was conducted to assess oral malodor and clinical parameters related to oral malodor 

before and after mouth cleaning with hinokitiol-containing gel (n = 9) or with gel not 

including hinokitiol (n = 9). Mouth cleaning included the teeth, gingiva, and tongue and 

was carried out three times per day for 4 weeks. Organoleptic test (OLT) scores (P 

= .021), levels of hydrogen sulfide (P = .008) and methyl mercaptan (P = .020), 

frequency of bleeding on probing, average probing pocket depth, and plaque index 

significantly improved in the group using hinokitiol. In contrast, only the OLT score (P 

= .031) significantly improved in the control group after the treatment regimen. Mouth 

cleaning with hinokitiol-containing gel may be effective for reduction of oral malodor.  

  

Short title: Effect of hinokitiol on oral malodor  
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Oral malodor, also called halitosis or bad breath, is a common problem in humans. Most 

oral malodor originates directly from the oral cavity, owing to conditions such as 

periodontitis, tongue debris, poor oral hygiene, deep caries, inadequately fitted 

restorations, and endodontic lesions.1–5 Oral malodor is primarily the result of microbial 

metabolism of amino acids from local debris in the oral cavity.6 The most common 

compounds associated with oral malodor are volatile sulfur compounds (VSCs), such as 

hydrogen sulfide (H2S) and methyl mercaptan (CH3SH).7 VSCs are mainly produced 

through bacterial metabolism of sulfur-containing amino acids, such as cysteine and 

methionine.7 Gram-negative strict anaerobes are important producers of VSCs.8,9 

Gram-positive oral bacteria, primarily streptococci, may also promote VSC production 

by Gram-negative bacteria.10  

   Different kinds of topical antimicrobial agents have been used to treat oral malodor. 

Mouth rinse and toothpaste with antimicrobial properties, such as chlorhexidine, 

triclosan, and cetylpyridinium chloride (CPC), can reduce oral malodor by chemically 

reducing the number of microorganisms.11 Other chemical agents, such as zinc and 

chlorine dioxide, can reduce halitosis by chemically neutralizing VSCs.12,13 
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Combination of various chemical agents can also markedly reduce VSC 

concentrations.14,15 

   Hinokitiol C10H12O2 (β-thujaplicin), a component of the essential oils isolated from 

Cupressaceae, shows antibacterial activity against various bacteria and fungi.16–19 

Hinokitiol has been used as a therapeutic agent against periodontal disease and oral 

Candida infections.20,21 Periodontal disease causes oral malodor, while oral candidiasis 

causes malodor indirectly through decreased saliva production, along with localized 

inflammation of the oral mucosa. By eliminating the infectious agents causing disease, 

hinokitiol should be an effective treatment for oral malodor. However, no prior study 

had examined the effect of hinokitiol on oral malodor. In this study, we conducted an 

open-label, randomized, controlled trial to investigate the effect of mouth cleaning with 

hinokitiol-containing gel on oral malodor by comparison with CPC-containing gel, 

which does not include hinokitiol, as a control.  

 

MATERIALS AND METHODS 

Subjects 
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This study population consisted of 18 patients (4 males and 14 females; mean age, 54.7 

± 10.1 years; age range, 33–71 years) who complained of halitosis and presented to the 

Oral Malodor Clinic of Fukuoka Dental College Medical and Dental Hospital, Japan, 

between December 2011 and November 2012. Patients included in the study had not 

previously been receiving treatment for oral malodor and had oral malodor scores above 

questionable levels (OLT ≥ 1.5); they were not halitophobic and had no acute symptoms 

requiring immediate oral cavity treatment or antibiotic use within the last month; they 

did not smoke or consume alcohol above recommended levels (≤20 g/day)22 and were 

not on any medications. All participating subjects understood the nature of the research 

project and provided informed consent. Permission for this study was obtained from the 

Ethics Committee for Clinical Research of Fukuoka Dental College and Fukuoka 

College of Health Sciences (approval number 191). All participants provided written 

informed consent to participate in this study. 

 

Study design 

The subjects were randomly assigned to one of two groups by simple randomization 
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using computer-generated random numbers. Random numbers were generated by a third 

party, Professor H. Anan, Department of Odontology, Fukuoka Dental College, and the 

randomization code was not broken until the start of each intervention. One group (n = 

9) cleaned their mouths with an oral care gel including hinokitiol as an active ingredient 

(REFRE-CARE H; EN Otsuka Pharmaceutical Co. Ltd., Iwate, Japan) for 4 weeks, 

whereas another group (n = 9) performed mouth cleaning with a CPC-containing 

control gel that did not include hinokitiol. The hinokitiol concentration of 

REFRE-CARE H is not listed; however, as an unregulated drug, Japanese law states 

that the concentration must be between 0.01% and 0.2%. The concentration of CPC in 

the controlgel is 0.01%. Both commercialized products were gels for oral care that had 

humidity retention power and did not include blowing agents or abrasives. Mouth 

cleaning included the teeth, gingiva, and tongue and was carried out three times daily 

(after every meal) for 4 weeks using the test gel or the control gel. First, subjects placed 

a 1-cm strip of gel on a toothbrush, brushed their teeth as normal, and rinsed with water. 

Next, subjects placed 1 cm of gel on a finger and performed a gingival massage. Finally, 

subjects placed 1 cm of gel on a tongue scraper and rubbed it against the dorsal surface 
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of the tongue five times. Subjects did not rinse, eat, or drink for 30 min after cleaning. 

All subjects used the same toothbrush (DENT. MAXIMA medium soft; Lion, Tokyo, 

Japan) and tongue scraper (MS Tongue Cleaner; Morita, Osaka, Japan) during the 

intervention period. Malodor and clinical assessments were performed on days 0 and 28 

at the Oral Malodor Clinic of Fukuoka Dental College Medical and Dental Hospital. 

 

Malodor assessment 

Malodor was assessed for each patient, and a clinical examination was performed at the 

same time of day, at least 5 h after eating, drinking, chewing, and brushing or rinsing 

the mouth. The severity of oral malodor was determined using an organoleptic test 

(OLT) and gas chromatography (model GC2014; Shimadzu Works, Kyoto, Japan). For 

the OLT, patients were instructed to exhale through the mouth with moderate force into 

a Teflon sampling bag (GL Science, Tokyo, Japan) for 2-3 s. This procedure was 

repeated until ~1 L of breath sample was obtained. OLT scores were estimated by two 

of the three evaluators (with training and experience in calibration tests) using a scale of 

0 to 5 (0, absence of odor; 1, questionable odor; 2, slight malodor; 3, moderate malodor; 
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4, strong malodor; 5, severe malodor)23; the mean of the scores given by the evaluators 

was used. The presence of OLT scores ≥2 among the three evaluators always exceeded 

75.0% (κ = 0.50). Gas chromatography was used to measure the concentrations of H2S 

and CH3SH in mouth air.24 The presence of oral malodor was defined as a mean OLT 

score ≥1.5.  

 

Clinical examination 

Periodontal health, plaque control, and degree of tongue coating were evaluated as 

major clinical outcomes. Periodontal health was assessed using the average of probing 

pocket depth (PPD) and the number of bleeding on probe (BOP) sites. PPD and BOP 

were measured at six points around each tooth in all subjects. Plaque control was 

evaluated using the Silness and Löe Plaque Index (PlI).25 The degree of tongue coating 

was determined by the tongue coating score (TCS) using a scale of 0 to 4 (0, no tongue 

coating; 1, thin tongue coating covering less than one-third of the tongue dorsum; 2, 

thick tongue coating covering approximately one-third of the tongue dorsum or thin 

tongue coating covering one-third to two-thirds of the tongue dorsum; 3, thick tongue 
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coating covering one-third to two-thirds of the tongue dorsum or thin tongue coating 

covering more than two-thirds of the tongue dorsum; 4, thick tongue coating covering 

more than two-thirds of the tongue dorsum).26 The moisture level of the tongue surface 

was evaluated using the moisture checker Mucus® (Life, Saitama, Japan) according to 

the manufacturer’s instructions.27 Briefly, the subject was directed to push out the 

tongue, and the examiner placed a sensor perpendicular to the center of the tongue 

dorsum to measure the level of impedance. Saliva was collected using chewing gum28; 

subjects were asked to spit into a vessel throughout the 5-min collection period.   

 

Microbial quantitative analysis 

Quantities of ubiquitous bacteria and Candida albicans present in the saliva of test 

subjects were determined. Ubiquitous bacteria were quantified using a polymerase chain 

reaction (PCR)-invader assay performed by BML (Tokyo, Japan). Quantitative 

real-time PCR for Candida albicans DNA was performed using a QuantiFast SYBR 

Green PCR Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. 

The sequences of the primers for C. albicans and the details of the procedure have been 
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previously described.29  

 

Statistical analysis 

Baseline demographics were evaluated by chi-square test and t-test. A Wilcoxon 

signed-rank test was used to compare major outcomes, including OLT score, the 

concentrations of H2S and CH3SH, number of BOP sites, average PPD, PlI, and 

microbial number between days 0 and 28. TCS was evaluated by a chi-square test. The 

Mann-Whitney U test was used to compare major outcomes between the two groups. 

Statistical significance was set at P < .050. All statistical analyses were conducted using 

the R software package, version 2.15.2.30 

 

RESULTS 

Baseline characteristics of subjects 

Simple randomization allocated nine subjects to the hinokitiol group and the other nine 

to the control group. Baseline demographics are shown in Table I. No significant 

differences were noted between the two groups at baseline with respect to malodor 
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assessments (OLT score and the concentrations of H2S and CH3SH) and clinical 

parameters (sex, age, number of teeth, average PPD, TCS, moisture level of the tongue 

surface, and stimulated salivary flow). The conclusion was made that the two groups 

were balanced in terms of baseline characteristics. 

 

Changes in oral malodor parameters 

After 28 days, OLT scores significantly decreased in both the hinokitiol and control 

groups compared with their respective baseline scores (P = 0.021 and P = 0.031, 

respectively; Figure 1). No significant differences were observed between the two 

groups (P = .352). The OLT scores of two subjects in the hinokitiol group improved to 

<1, indicating no oral malodor. Compared with the values at day 0, the concentration of 

H2S measured by gas chromatography was significantly lowered in the hinokitiol group 

at day 28 (3.6 [2.8-8.9] ng/10 mL on day 0 and 2.0 [1.1-2.6] ng/10 mL on day 28, P 

= .008), but not in the control group (2.2 [1.7-7.2] ng/10 mL on day 0 and 3.6 [3.3-8.9] 

ng/10 mL on day 28, P = .203; Figure 2, A); the difference was statistically significant 

(P = .004). In addition, CH3SH, a major component of oral malodor derived from 
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periodontitis, showed significant reduction (P = .003) in the hinokitiol group (2.5 

[0.9-2.7] ng/10 mL on day 0 and 0.9 [0.4-1.2] ng/10 mL on day 28, P = .020), but not in 

the control group (2.2 [1.9-3.8] ng/10 mL on day 0 and 3.0 [1.5-5.0] ng/10 mL on day 

28, P = .203; Figure 2, B). 

 

Changes in clinical and microbial parameters 

Among the major clinical outcomes, the number of BOP sites (P = .014), the average 

PPD (P = .014), and the PlI (P = .039) improved significantly in the hinokitiol group 

(Table II). Additionally, the number of subjects with PPD ≥ 4 mm also decreased 

significantly in the hinokitiol group (5.6 ± 4.7 on day 0 and 2.8 ± 3.3 on day 28, P 

= .022). TCS and moisture level of the tongue surface did not change after 28 days in 

the hinokitiol group. No changes were observed in clinical parameters in the control 

group, although the number of BOP sites showed a decreasing trend (P = .059).  

   A microbial quantitative analysis of saliva showed no significant changes in the 

hinokitiol group, although the number of C. albicans on day 28 was lower than that on 

day 0 (Table II). In the control group, the number of ubiquitous bacteria significantly 
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increased at day 28 (P = .039) compared with day 0.  

 

DISCUSSION 

In this study, oral care with hinokitiol-containing gel resulted in reduction of oral 

malodor parameters after 28 days, and with regard to clinical parameters, periodontal 

parameters (the number of BOP sites and average PPD) and the plaque index improved 

significantly. The main cause of oral pathologic malodor is periodontal disease.31 The 

principal periodontopathic bacteria, such as Porphyromonas gingivalis, Fusobacterium 

nucleatum, and Prevotella intermedia, can highly produce H2S and CH3SH.8 

Nonsurgical periodontal treatment played an important role in reducing oral malodor in 

patients with periodontitis.32 Oral management using antimicrobial and probiotic agents 

that targeted periodontopathic bacteria also contributed to reducing oral malodor.24,33–35 

Tooth brushing using 0.1% hinokitiol-containing medicine (HinoporonTM; Showa 

Yakuhinnkako Co., Ltd., Tokyo, Japan) has been reported to show statistically 

meaningful, improved BOP compared with tooth brushing without medicine in dental 

school students with gingivitis.20 The present study is the first report to evaluate and 
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reveal the reduction effect of hinokitiol on oral malodor clinically. 

   Hinokitiol shows antibacterial activity against various oral microorganisms in in 

vitro studies.18,19,36 Saeki et al. reported that hinokitiol inhibited the growth of 25 oral 

bacterial strains at a concentration of 0.1%.18 At 0.01%, hinokitiol inhibited the growth 

of 14 strains, including periodontopathic bacteria, and did not inhibit the growth of six 

streptococcal strains tested.18 A report stated that the growth of Candida strains was 

inhibited by long-term treatment with more than 0.25 mM (4.2 × 10–3%) hinokitiol for 

24 h, and that the adherence of these bacteria to epithelial cells was inhibited 30–70% 

after short-term treatment with 0.25 mM hinokitiol for 30 min.36 Quantitative microbial 

analysis of saliva samples in the present study showed a reduction of C. albicans in the 

hinokitiol group, but not in the control group. The number of whole oral bacteria did not 

change in the hinokitiol group, whereas it significantly increased in the control group. 

The composition of salivary bacterial populations has been reported to be stable against 

shifts in the supragingival microbiota.37 Further studies will be necessary to examine 

changes in the bacterial composition of supra/subgingival plaques and tongue debris to 

clarify the antimicrobial effect of hinokitiol. Recently, the inhibition effect of hinokitiol 
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on LPS-induced inflammation was found in in vitro and in vivo studies.38 Hinokitiol 

inhibited LPS-induced nitric oxide (NO), prostaglandin E2, interleukin-6, and tumor 

necrosis factor-α (TNF-α) production in an in vitro study and was also shown to be 

effective in vivo for inhibiting LPS-induced NO and TNF-α production as well as 

significantly decreasing the mortality rate of mice suffering from septic shock.38 The 

remarkable improvement of periodontal parameters was assumed to be a result of both 

the antimicrobial and anti-inflammatory actions of hinokitiol.  

   Tongue coating scores did not change at day 28 in either group, although the 

subjects performed tongue cleaning. Tongue coating is understood to be an important 

factor of oral malodor in both physiological and oral pathological halitosis.39 Tongue 

cleaning contributed to a lesser extent to reduction in oral malodor in patients with 

periodontitis.32 With regard to patients with gingivitis, tongue cleaning alone could be 

the primary approach to reducing oral malodor.32 The subjects in the current study did 

not show high TCS (only one patient in the control group had a score >3, while the 

other patients had scores <2) at baseline. In addition to TCS, the moisture level of the 

tongue surface did not change, although both commercialized products were gels for 
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oral care and had humidity retention power. The moisture level of the tongue surface 

measured using Mucus® was judged to be sufficient if it was greater than 25.0, 

according to the manufacturer. The subjects in our study had sufficient moisture levels 

on the tongue surface at baseline in both groups (28.1 ± 3.7 in the test group and 27.0 ± 

1.5 in the control group). However, moisture levels on day 28 (26.0 ± 3.9) were lower 

than at baseline (28.1 ± 3.7) in the hinokitiol group. Perhaps the method and power of 

mechanical cleaning of the tongue should be regulated depending on the degree of 

tongue coating. 

   Many flavors and natural botanic extracts have been put in food and medicine for 

reducing oral malodor. These compounds have been generally used as traditional 

Chinese medical therapy or phytotherapy. A few reports have tried to clarify scientific 

evidence regarding the reduction effects on oral malodor of compounds such as green 

tea powder, Eucalyptus extract, and the pericarp extract of Garcinia mangostana 

L.35,40,41 Unlike synthetic antimicrobial components, medicinal plants, including 

hinokitiol, have very low toxicity and fewer side effects.42,43 At the same time, Japanese 

law requires the concentration of synthetic antimicrobial agents combined with 
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dentifrice to be lower than their effective concentrations. For example, the 

concentrations of chlorhexidine and CPC combined with dentifrice are limited to 0.05% 

and 0.01%, respectively, although foreign studies examining the effectiveness of these 

compounds on oral malodor were performed using 0.1-0.2% chlorhexidine and 

0.05-0.07% CPC.33,44,45 In this study, oral care with the 0.01% CPC-containing control 

gel showed an improvement in the OLT score; however, this improvement was not seen 

for concentrations of H2S and CH3SH, or periodontal conditions. Whether OLT scores 

improved as a result of CPC activity, or simply an increased consciousness of mouth 

cleaning due to participation in a clinical trial, is uncertain. Control of oral malodor 

using natural antimicrobial ingredients is likely to increase in the future as interest in 

natural foods and products becomes more popular.  

   The present study had several limitations. The study included a small study 

population. After being allocated randomly by a third party, the subjects and the 

examiner knew the kind of gel that each was using. Individual differences in techniques 

of mouth cleaning were not considered in the statistical analysis. To clarify the clinical 

effects of hinokitiol on oral malodor, more extensive double-blinded, crossover, 
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randomized studies in a larger number of subjects are required.  
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Figure legends 

Figure 1. Changes in the organoleptic test score. *A significant difference was observed 

between days 0 and 28 by Wilcoxon signed-rank test (P < .050). 

 

Figure 2. Changes in H2S (A) and CH3SH (B) levels measured by gas chromatography 

(ng/10 mL mouth air, median [IQR]). *A significant difference was observed between 

days 0 and days 28 by Wilcoxon signed-rank test (P < .050). 

 

Clinical Relevance 

In an open-label, randomized, controlled trial involving a limited number of 

nonsmokers, cleaning with hinokitiol-containing gel significantly improved oral 
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malodor, the level of volatile sulfur compounds, sites of bleeding on probing, average 

probing pocket depth, and plaque index after 4 weeks. 



Table I. Baseline demographics (average ± SD).   

Demographics Hinokitiol group (n = 9) Control group (n = 9) P value* 

Males/female (n) 3/6 1/8 NS 

Age (years) 52.2 ± 11.4 57.2 ± 8.6 NS 

Number of teeth (n) 27.3 ± 3.3 23.7 ± 5.6 NS 

Average of probing pocket depth (mm) 2.8 ± 0.5 2.4 ± 0.6 NS 

Tongue coating score ≥ 2 (%) 44.4 (n = 4) 77.8 (n = 7) NS 

Salivary flow rate (ml/5 min) 7.5 ± 3.3 7.0 ± 3.1 NS 

Moisture level of tongue surface 28.1 ± 3.7 27.0 ± 1.1 NS 

Organoleptic score ≥ 2 (%) 88.9 (n = 8) 100 (n = 9) NS 

H2S concentration (ng/10 mL mouth air) 6.1 ± 5.0 4.9 ± 4.7 NS 

CH3SH concentration (ng/10 mL mouth air) 2.1 ± 1.2 2.6 ± 1.6 NS 

PPD, probing pocket depth; VSCs, volatile sulfur compounds; NS, not significant.  

*Comparisons between the groups were conducted by t-test and chi-square test.   

 



Table II. Changes in the clinical and microbial parameters between days 0 and 28. 

 Hinokitiol group (n = 9)  Control group (n = 9)  

 0 day 28 days P value 0 day 28 days P value 

Clinical parameters with regard to oral malodor       

  Sites of bleeding on probing (%) 11.0 ± 8.8 4.1 ± 3.1 0.014 10.2 ± 8.0 6.1 ± 6.3 0.059 

  Average of probing pocket depth (mm) 2.8 ± 0.5 2.6 ± 0.4 0.014 2.4 ± 0.6 2.4 ± 0.7 0.203 

  Tongue coating score ≥ 2 (%)* 44.4 (n = 4) 33.3 (n = 3) 0.629 77.8 (n =7) 55.6 (n = 5) 0.317 

  Plaque Index 0.5 ± 0.3 0.3 ± 0.1 0.039 0.4 ± 0.3 0.4 ± 0.2 0.944 

  Moisture level of tongue surface 28.1 ± 3.7 26.0 ± 3.9 0.250 27.0 ± 1.1 27.9 ± 4.1 0.375 

Microbial parameters in the saliva (log copies/mL)       

  Ubiquitous bacteria 8.9 ± 0.2 8.9 ± 0.3 0.910 8.9 ± 0.3 9.0 ± 0.2 0.039 

  Candida albicans 1.1 ± 1.4 0.9 ± 1.4 1 1.1 ± 1.3 1.3 ± 1.3 0.787 

 * Chi-square test. The other parameters were evaluated by Wilcoxon signed-rank test.  
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