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ABSTRACT 
 The objectives of this  randomized, double-blind clinical study were to determine 
the effects of herbal mouthwash on volatile sulphur compounds (VSCs) level, plaque 
index (PI) and papillary  bleeding index (PBI) in gingivitis subjects and the recurrence 
of all parameters after scaling and root planing. Sixty gingivitis subjects who had over 
80 parts per billion (ppb) of VSCs were included in the study.  Subjects were 
distributed into herbal and placebo group. At baseline, VSCs level, PI and PBI were 
recorded.  Then, they were asked to rinse with the assigned mouthwash. VSCs level 
was measured at 30 minutes and 3 hours post-rinsing.  For the following 2 weeks, 
subjects were rinsed with the assigned mouthwash twice daily after toothbrushing. All 
parameters were recorded again at Day 15. In the wash out period, subjects stopped 
rinsing with any mouthwash and received scaling and root planing. Then, all baseline 
parameters were determined again (Day 0). Following randomized redistribution, 
subjects were rinsed with the new assigned mouthwash in the same manner as before 
scaling and root planing.  All parameters were recorded again at next Day 15. 
 The results showed that, at 30 minutes and 3 hours post-rinsing, VSCs levels 
were significantly different when compared to baseline in both groups.  However, no 
significant differences were found between groups.  At Day 15, significant differences 
of VSCs level, PI and PBI were found in both groups when compared to baseline. 
VSCs level in herbal group was significantly different from placebo group (p<0.05).  
VSCs level at Day 15 after scaling and root planing was not significantly different 
when compared to baseline in both groups. However, there was a significant 
difference between groups (p<0.05).  PI of the placebo group and PBI of herbal group 
were significantly different when compared to baseline.  No significant differences in 
clinical parameters were found between groups. 
 Conclusion: Herbal mouthwash can significantly reduce oral malodor after 
one rinse up to 3 hours in gingivitis subject (p<0.05).  Additionally, the herbal 
mouthwash can significantly reduce malodor in gingivitis subjects and prevent the 
recurrence of VSCs in subjects after scaling and root planing when compared to the 
placebo mouthwash after 2 weeks-rinsing  (p<0.05). 
 
KEY  WORDS: HERBAL MOUTHWASH / ORAL MALODOR / VOLATILE SULPHUR 

COMPOUNDS / GINGIVITIS   
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CHAPTER 1 

INTRODUCTION 

Background and Rationale 

 

 Oral malodor (halitosis, bad breath) is a very frequent human condition which 

primarily affects the adult population. (1)  In general, cases of this aesthetically-

unacceptable disorder are attributable to microbial putrefaction occurring in the oral 

cavity.(2, 3)  This condition can be found in subjects with periodontal diseases, 

excessive bacterial colonization of the tongue, unclean dentures, erroneous dental 

restoration and limited salivary flow. (4, 5, 6)   

 In recent years, different types of antimicrobial agents, especially in the form 

of the mouthwash, for example, hydrogen peroxide mouthwash and chlorhexidine 

mouthwash, have been used as an adjunct in the treatment of oral malodor.  Although 

their efficacy in reducing malodor has been emphasized, many patients do not comply 

with these mouthwashes.  For example, the oxidative effect of hydrogen peroxide 

mouthwash may be harmful to the oral soft tissue (7), while chlorhexidine mouthwash 

can result in the alterations in taste sensations, burning sensations, desquamation of 

mucosa, staining to the teeth and occasionally allergic reaction. (8) A mouthwash with 

a high concentration of alcohol is suspected of predisposing patient to oral 

carcinogenesis. (8) Additionally, the long-term effects of other mouthwashes such as a 

2-phase, oil-water mouth rinse (9), zinc chloride rinse (10), and cetylpyridinium 

chloride rinse (11) remain to be determined. 

  At present, there is an attempt to treat malodor related to periodontal disease 

by using herbal mouthwash containing Garcinia mangostana L extracts.  The 

utilization of this plant as herbal medicine has been dated back many years in the past 

and its antimicrobial activity against oral bacteria has recently been shown 

(Amornchat C. Faculty of Dentistry, Mahidol University, Unpublished data). Since 
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these bacteria contribute to the oral sources of malodor, using mouthwash containing 

G. Mangostana extracts can probably lead to the reduction of this condition. 

 

Objectives of the study 

1. To determine the effects of herbal mouthwash containing G. 

mangostana extracts on oral malodor after one rinsing. 

2. To determine the effects of herbal mouthwash containing G. 

mangostana extracts on oral malodor and plaque and papillary 

bleeding index in gingivitis subjects before treated with scaling and 

root planing after 2-week rinsing.  

3. To determine the effects of the herbal mouthwash containing G. 

mangostana on the recurrence of oral malodor and plaque and 

papillary bleeding index in subjects after treated with scaling and root 

planing after 2-week rinsing. 
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CHAPTER 2 

LITERATURE REVIEW 

 

  Oral malodor (halitosis, breath malodor) is the general denoting unpleasant 

breath arising from either intraoral or extraoral sources.  It is a major social and 

psychological problem which leads to significant expenses. (12)  This condition can be 

classified as genuine halitosis, pseudo-halitosis and halitophobia. (13)  
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 Table 1  Classification of halitosis 

 

Classification Description 

       

1.  Genuine halitosis 

 

      A. Physiologic halitosis 

 

 

 

 

       B. Pathologic halitosis 

                i/  Oral 

 

 

               ii/ Extraoral  

 

 

  

 

 

 

Obvious malodor, with intensity beyond socially 

acceptable level, is perceived. 

Malodor arises through putrefactive processes 

within the oral cavity.  Neither a specific disease 

nor a pathologic condition that could cause 

halitosis is found.  Origin is mainly from the 

dorsoposterior region of the tongue. 

 

Halitosis is caused by diseases, pathologic 

conditions or malfunctions of oral tissues (e.g. 

periodontal disease, xerostomia).  

Malodor originates from nasal, paranasal and/or 

laryngeal regions, pulmonary tract or upper 

digestive tract, as well as disorders anywhere in 

the body whereby the odor is blood-borne and 

emitted via the lungs (e.g. diabetes mellitus, 

hepatic cirrhosis, uremia). 

        

2.  Pseudo-halitosis 

 

 

Obvious malodor is not perceived by others, 

although the patient stubbornly complains of its 

existence. 

 

 

 3.  Halitophobia     

 

 

After treatment of genuine halitosis or pseudo-

halitosis, the patient persists in believing that 

he/she has halitosis. 

 



Fac. of Grad. Studies, Mahidol Univ.                                                                     M.Sc. (Periodontics) /  
 
  
 

5

It is strongly recommended that clinicians use this classification method for 

the mere purpose of halitosis diagnosis. (12) Additionally, this method makes it 

possible for the clinician to diagnose halitophobia since this condition confounds any 

questionnaire survey of bad breath, to the extent that questionnaire data cannot be 

considered reliable and should not be used to assess the prevalence of halitosis. 

 

Intraoral sources of odor 

In as many as 85 percent of malodorous patients, the odor originates in the 

mouth. (14, 15, 16) Several evidences suggest that the problem arises from the mouth 

(17), for example 

I. Odor exits primary from the mouth, not the nose. 

II. Odor is reduced following rinsing for a week with a potent 

mouthwash. 

III. Odor gets worse when patient starts talking. 

IV. Odor gets worse when the mouth dries out. 

The oral malodor is manifested by the production of volatile compounds.  

Most of these compounds are volatile sulfur compounds (VSCs) including hydrogen 

sulfide, methyl mercaptan and dimethyl sulfide. (18)  In addition, methyl amine, 

dimethyl amine, propionic acid, butyric acid, indole, skatole, cadaverine and aromatic 

amines including pylidine and picoline are reported to cause oral malodor.(19) 

VSCs have been shown to result from bacterial putrefaction of proteins with 

sulfur-containing amino acids.  These proteins are derived from exfoliated human 

epithelial cell and white blood cell debris.  In other words, the known substrate 

required for the formation of VSCs originates from host tissues. 

The two main anatomic sources of VSCs which have been identified in the 

oral cavity are the tongue and the gingival sulcus. (17)  The origin of physiologic 

halitosis is mainly from the dorsoposterior region of the tongue, and the malodor is 

derived from the tongue coating which comprises of the desquamated epithelial cells, 

blood cells and bacteria.  It has been found that more than 100 bacterial cells may 

attach to a single epithelial cell on the tongue dorsum. (20) 
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A number of factors can be accounted for an increased production of VSCs, 

for example, the presence of pooled blood. (21)  This manifestation occurs in mouths 

of all individuals.  However, it is especially accentuated in tissue with degenerative 

conditions such as gingivitis, periodontitis and acute necrotizing ulcerative gingivitis 

(ANUG).  Studies have indicated that many anaerobic organisms associated with 

subgingival plaque, for example, Treponema denticola, Porphyromonas gingivalis and 

Tannerella forsytensis can produce both volatile sulfur compounds and foul-smelling 

volatile fatty acids. (22, 23, 24, 25)  Thus, in patient with periodontal diseases, the 

increased whole mouth odor has been reported. (26, 27, 28, 29, 30, 31) 

In contrast to VSCs in mouth where hydrogen sulphide is present in the 

greatest concentration, measurements of VSCs within periodontal pockets have 

demonstrated that methyl mercaptan is often the predominant compound. (32)  The 

ratios of methyl mercaptan/hydrogen sulphide were moderately increased in deeper 

pockets. (22, 23)  Additionally, the presence of methyl mercaptan within a periodontal 

pocket may be associated with active periodontal disease. (26) 

Other intraoral sites involved in the malodor production include the sites 

having food impaction, abscesses and improper restorations (such as overhang 

restoration and leaking crowns). Caries usually is not particularly malodorous, unless 

large enough to entrap the food.(14) Denture is another important cause of oral 

malodor, particularly if it is worn overnight. 

 

Extraoral sources of odor 

Among non-oral etiologies of bad breath, the nasal passages predominant. In 

such cases, the tellate odor can be smelled most strongly from the nose, rather than the 

mouth.  Nasal odor may be indicative of a frank nasal infection, such as sinusitis, or a 

problem affecting airflow or mucous secretions, such as polyps.  Typical nasal 

malodor usually has a slightly cheesy character and differs appreciably from other 

types of bad breath. (33)  In some cases, craniofacial anomalies, such as cleft palate, 

may be involved. (34)  A transient odor associated with tonsil infection is common in 

children.  Occasionally, tonsils emit a foul-smelling exudate when pressed. 

Many non-oral diseases, including bronchial and lung infections, kidney 

failure, various carcinoma, metabolic dysfunction and biochemical disorders, can 
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result in bad breath. (35) For example, one interesting rare metabolic condition that 

leads to a perception on the part of the patient of a foul fishy odor or taste is 

trimethylaminuria. (36)  An acetone smell to the breath is once considered a diagnostic 

indication for uncontrolled diabetes, however, very few cases are detected in this 

manner.  

Interestingly, people have smoked cigarette for more than a hundred years to 

mask their bad breath (36, 37), a practice that creates an odor in its own right.  

Cigarette odor can linger for more than a day after smoking.  In some cases, one can 

detect the odor of cigarette smoke on the breath of people who do not smoke but are 

continually exposed to the smoke of others. (Rosenberg, unpublished data, 1995) 

 

Instruments and analytical methods 

Evaluation of the level of oral malodor requires the reliable and sensitive 

methods.  These include: 

1. Organoleptic (subjective) systems 

Organoleptic scores, or the use of one’s nose to smell and rank the intensity 

of the odors emanating from the mouth, is the gold standard for the measurement of 

oral malodor, as it reflects the real-time presence of an objectionable odor as detected 

by an observer. (37)  Various scoring systems, such as 0- to 5-point scale (13, 15, 38) 

and a 0- to 10-point scale (39) can be used to estimate the intensity of exhaled oral 

odor, tongue odor and nasal odor, among others.  Because the organoleptic scores are 

somewhat subjective, the examiners need to be calibrated and avoid drinking coffee, 

tea, juice, smoking and using scented cosmetics prior to their assessment of the 

subject’s organoleptic score. (13)  However, the real problem with organoleptic 

scoring is that it is an uncomfortable procedure for both the examiner and the subject. 

2. Gas chromatography coupled with flame-photometric detection. (40, 41) 

Gas chromatography involves the taking of a mouth air sample with a gas 

syringe and quantitatively measuring any sulfur–containing products that can be 

seperated on a gas chromatograph. 

3. Combination of organoleptic systems and gas chromatography coupled 

with flame-photometric detection. (42) 
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4. The culturing of plaque and periodontal exudates in appropriate 

bacteriological media. 

Marc et al. (43) reported that the samples from tongue, tonsils and pharynx 

showed a significantly higher production of volatile sulfur compounds during the first 

6 hours after anaerobic incubation in brain-heart infusion broths than in agar media.  

After 24 hours, values in broths and agars leveled off and remain constant during the 

following 6 days. 

5. pH, Eh, and PO2  (44, 45) 

In vitro, the pH is usually measured potentiometrically with a glass and 

calomel combined electrode system connected to a pH meter.  The Eh measurement is 

done with a platinum or gold indicator electrode and a potassium chloride salt bridge 

and calomel reference electrode connected to a millivoltmeter or pH meter adjusted to 

function as such.  The PO2 measurement is carried out polarographically with a Clark 

oxygen electrode and oxygraph instrument. (45)  For the PO2, the monopolar type of 

oxygen electrode has been used. (46)  With all these indicator electrodes, the 

corresponding reference electrode is the same.  For the in vivo measurement of these 

parameters, miniaturized pH, Eh and PO2 indicator electrodes are necessary.  Acid-

base and redox dyes may also be used instead of electrodes to measure the pH and Eh, 

but subject was too much greater error than measurement with electrode systems. (47) 

6. BANA test 

Organisms in the plaque samples or the tongue coating from individuals with 

oral malodor can be detected by the presence of their enzymes that can degrade 

benzoyl-DL-arginine-α-naphthylamide (BANA), a synthetic trypsin substrate to form 

a colored compound. (48)  Morita et al (28) have shown that the BANA test correlated 

significantly with the pS levels (hydrogen sulphide and methyl mercaptan) found in 

the gingival sulcus. 

7. Kovac’s test 

Indole and skatole, which can be arising from tryptophan during putrefaction, 

are important malodor end products.  They can be measured calorimetrically in a 

butanol extract of a salivary sediment incubation mixtures using Kovac’s reagent 

(dimethylaminobenzaldehyde) to form a colored complex with these analyzes. (49) 
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8. High-performance liquid chromatography 

Amines and short-chain fatty acids can be measured by this method. (50)  

9. A salivary incubation test 

Salivary incubation test can be used as an indirect method to measure oral 

malodor and can be employed to investigate the antimalodor effectiveness of oral 

hygiene products.  In the previous study by Marc et al. (51), saliva was collected and 

transfered to a sealed chamber and incubated anaerobically at 37 OC.  Immediately 

after collection and 3 and 6 hours of incubation, the headspace air was examined for 

VSCs production adn organoleptic measurements.  The evaluations indicated a higher 

discrimination power for the saliva incubation than the intraoral measurement.   

10. Electro-chemical VSCs detector 

The electro-chemical VSCs detector contains a voltammetric sensor which 

draws a sample of oral gas across an electrocatalytic sensing electrode. Such 

electrochemical reactions generate an electric current, the magnitude of which is 

directly proportional to the total chemically-reducing, gaseous VSCs concentration.  

This current is converted to a meter which gives VSCs levels in parts-per-billion 

(ppb). 

VSCs can be reproducibly measured, according to this technique, with an 

instrument called the Halimeter® (39, 52). The Halimeter® uses a suction pump to 

bring mouth air into the instrument, where VSCs (mainly hydrogen sulfide and, to a 

lesser degree, methyl mercaptan) are measured with an electrochemical sensor. (53)   

 

Treatment needs for halitosis 

Before commencing treatment, a clinician must determine the source of 

malodor.  The simplest way to distinguish oral from non-oral origin is to compare the 

smell from mouth and nose. (17)  The odor generated from the mouth often requires a 

dental treatment including a standard dental and periodontal treatment and focused 

oral malodor treatment.  Treatment needs (TN) for halitosis in dental practice have 

been categorized into 5 classes. (54) 

 

  



Kamolrat Hirunrat                                                                                                        Literature review /  
                   

10

 

 Table 2  Treatment needs (TN) for halitosis  

 

Treatment 

needs 

Description Classification 

TN-1 Explanation of halitosis  

Instruction for oral hygiene (support 

reinforcement of a patient’s own self-care 

for further improvement of their hygiene). 

Genuine halitosis 

Pseudo halitosis 

Halitophobia    

TN-2 Oral prophylaxis, professional cleaning 

and treatment of oral disease, especially 

periodontal disease. 

Oral pathologic 

 halitosis  

TN-3 Refer to a physician or medical specialist Extraoral pathologic 

halitosis 

TN-4 Explanation of examination data.  

Further professional instruction, education 

and reassurance. 

Pseudo halitosis 

TN-5 Refer to a clinical psychologist, 

psychiatrist or other psychological 

specialist.  

Halitophobia 

 

 TN-1 includes routine oral hygiene procedures (tongue brushing, flossing, 

etc.) and mouth rinsing.  For the treatment of physiologic halitosis, cleaning the tongue 

is an important process.  An infant toothbrush or a small tongue brush is 

recommended.  However, patients should receive detailed, comprehensive instruction 

about tongue cleaning as well as the position of the terminal sulcus of the tongue and 

the anatomical limits for cleaning in order to avoid overzealous brushing of the tongue 

or scraping the tonsil. (13)  For patients with complicating factors such as fixed and/or 

removal prosthesis or for aged people, more advanced hygiene methods including oral 

irrigation and sonic or ultrasonic toothbrush should be employed. (55)  Various studies 

have shown that the severity of malodor can be reduced by these oral hygiene 

measures.  For example, in individuals who flossed daily, odor was significantly less 
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than those who did not. (17)  Tonzetich (5, 56) demonstrated that the levels of VSCs in 

the oral cavity was reduced for at least 60 minutes after brushing the teeth and tongue 

and then rinsing with water.  It has been shown that hydrogen sulfide and methyl 

mercaptan concentration in the mouth air decreased by 25%-75% after dental and 

tongue cleaning. (56)  Additionally, the use of oral care products such as 

chlorhexidine, hydrogen peroxide or zinc chloride mouthwash, as well as sodium 

bicarbonate-containing chewing gum has also been shown to reduce the severity of 

malodor. (10, 57)   

TN-2 is necessary for patients who have oral pathologic halitosis.  These 

include periodontal treatment and the correction of other local factors that might 

contribute to poor oral health.  TN-3 is required for patients who exhibit oral malodor 

but showing no oral causes of halitosis.   

For patients with pseudo-halitosis, counselling with literature support, 

education and explanation of the examination results is needed to reassure that their 

malodor is not beyond a socially acceptable level (TN-4).  This step is important in 

differentiating pseudo-halitosis from halitophobia.  Pseudo halitosis patients generally 

respond favourably to TN-4 because they can accept the counselling.  Patients who 

cannot accept their perception of malodor as a mistaken belief need assistance from a 

psychological specialist (TN-5).  Furthermore, patients with genuine halitosis who 

undergo successful reduction of halitosis by TN-2 or TN-3 yet still believe that they 

have the condition should also be referred to the psychological specialist. 

 

Use of mouthwash to reduce oral malodor 

 In recent years, different types of antimicrobial agents, especially in the form 

of the mouthwash, have been used as an adjunct in the treatment of oral malodor. (59, 

60, 61)  Mouthwash could conceivably reduce oral malodor by several mechanisms, 

for example, removal or denaturation of proteinaceous substrates or reaction with the 

malodourous gases to form non-volatile or non-malodorous products.  In experimental 

models, use of mouthrinse containing a mixture of chlorine dioxide and chlorite anion 

has been shown to result in an oxidative consumption of the amino acids cysteine and 

methionine which are precursors of VSCs.  Indeed, cysteine is transformed on its 
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corresponding disulphide cystine, and methionine is converted to its sulphoxide adduct 

on reaction with the above oxohalogen oxidants or on equilibration with the oral rinse 

formulation specified. (61)  Franscella et al. (60) demonstrated the efficacy of 

mouthrinse containing chlorine dioxide in reducing oral malodour after a one-time use 

in patient with “unpleasant” breath.  The outcomes were based on VSCs concentration, 

pleasantness scores and intensity scores. With the chlorine dioxide mouthrinse, a 

significant improvement of these parameters was evident at 2 hours post-rinse and 

persisted through 8 hours post-rinse when compared to the water control.   

Other mechanism which mouthwash reduces oral malodor is inactivation or 

removal of bacteria.  This category of mouthwash contains chlorhexidine, 

cetylpyridinium chloride, etc. Chlorhexidine (CHX) is a di-cationic antiseptic 

compound.  When used in combination with subgingival debridement in severe 

periodontitis patients, the organoleptic scores was reduced.  However, no differences 

in VSCs level were found between patients in the tested group and those who received 

conventional periodontal therapy alone. (59)  The well recognised side effects of CHX 

are its stain-forming potential. The precise mechanism of stain formation is still 

debated (62), but it seems likely that the interaction between the acquired pellicle and 

the adsorbed chlorhexidine, rather than the plaque, is the site of stain formation. (63)  

Cetylpyridinium chloride (CPC), a cationic quaternary ammonium compound, 

possesses an antibacterial activity.  CPC was considerably less effective in reducing 

plaque growth due to its less substantivity when compared to chlorhexidine. (64, 65,  

66)  Winkel et al. (67) demonstrated the effectiveness of a mouthrinse containing low 

concentration of chlorhexidine, cetylpyridinium chloride and zinc lactate to reduce 

VSCs level in periodontally-healthy subjects.  Likewise, the effectiveness of CHX-

CPC-Zinc mouthrinse in reducing concentration of VSCs and organoleptic rating of 

the mouth air has been demonstrated. (18)  The reaction of ionic zinc with the 

available sulhydryl-containing substrates and enzymes, as well as hydrogen sulphide, 

methyl mercaptan, in the oral cavity would lead to the formation of insoluble zinc salts 

which are nonvolatile and, thus, nonodriferous. (68)   

The two-phase oil-water mouthwash is based on a new concept.  Previous 

clinical studies suggested that the antimicrobial properties of the two-phase oil-water 

mouthrinse mainly from the deposition of oral bacteria and debris by oil droplets. (69)  
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Besides its general effects on bacteria, an in vitro study demonstrated that the 

production of 2-ketobutyrate, the by-product of metyl mercaptan from L-methionine, 

was completely inhibited by the two-phase mouthwash. (70)  Kozlovsky et al. (9) 

suggested this type of mouthrinse was superior to the control mouthrinse in the long 

term reduction of oral malodour.  However, its long-term effects remain to be 

determined. 

 Regarding the alcohol-containing mouthwash, Pitt et al. (71) demonstrated 

that this type of mouthwash could effectively reduce oral malodour for at least 2 

hours.  However, high concentration of ethanol has potential adverse effects such as 

dehydration and irritation of oral mucosa (72) and suspected of predisposing patient to 

oral carcinogenesis. (73) 

 

Mouthwash containing Garcinia mangostana L extracts 

At present, there is an attempt to treat malodor related to periodontal disease 

by using mouthwash containing Garcinia mangostana L extracts.  G. mangostana is 

commonly known as the mangosteen tree.  It requires a moist, hot climate, preferably 

with a short dry season.  It is commonly cultivated in southeastern and southern parts 

of Thailand. Investigations resulted in the isolation of many other substances.  Fruit 

peel has many pharmacologically active compounds such as chysanthemin, garcinone 

A, garcinone B, garcinone C, tannin, sesquiterpenoids, xanthenes and their derivatives. 

(74)  

Utilization of this plant as herbal medicine has been dated back many years in 

the past. In Thai traditional medicine, its pericarp has the efficacies in treating 

dysentery, infected wounds and suppuration.  In modern medicine, the application of 

1.5% mangosteen cream could improve healing of chronic ulcer. (75) This plant 

possesses many phamacological activities including antimicrobial activity (76, 77, 78) 

and anti-inflammatory activity. (79)  The boiled extract from the pericarp of               

G. mangostana could inhibit growth of enteric bacteria, i.e., Escherichia coli, 

Salmonella spp., Shigella spp., Vibrio spp. and intestinal commensal flora.  The 

minimum inhibitory concentration (MIC) was in the range of 6.25-100 mg/ml. (76)  

Mahabusarakum et al. (77, 78) also reported the antibacterial activity of the chemical 
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constituents from its fruit hull (gartanin, γ-mangostin, β-mangostin, 3-isomangostin 

and derivatives) against both normal and methicillin-resistant strains of 

Staphylococcus aureus as well as Trichophyton mentagrophytes, Microsporum 

gypsum and Epidermophyton floccosum. 

Furthermore, xanthones from pericarp of G. mangostana was shown to inhibit 

growth of Helicobacter pylori (80) and was useful for the treatment of H. pylori-

associated upper digestive tract disorder such as peptic, gastritis and gastric cancer. 

(81) The ethanol extract from fruit peel can exhibit antimicrobial activity against 

Streptococcus mutans ATCC 25175, Candida albicans and P. gingivalis W50 at the 

MIC of 0.98, 250, and 3.91 mg/ml, respectively. (Amornchat C. Faculty of Dentistry, 

Mahidol University, Unpublished data) 

 Regarding an anti-inflammatory activity, mangostin, 1-isomangostin and 

mangostin triacetate exhibited anti-inflammatory activity by both the intraperitoneal 

and the oral administration in normal and bilaterally adrenolectomized rats studied by 

testing the carragenan-induced hind paw edema, cotton pellet implantation and 

granuloma pouch technique. (79) 

Beside those activities, the active compounds from mangosteen also have the 

antihistamine activity (82), insecticidal activity against fruit fly (83) and pesticide 

activity. (84) 

Recently, mouthrinse containing G. mangostana extract was prepared.  Its 

effectiveness in reducing salivary level of mutan streptococci has been demonstrated. 

(85) Forty children (aged 9-11) who harbored salivary mutan streptococci counts equal 

to or greater than 105 colony forming unit/ml were enrolled in the study.  Rinsing was 

supervised for 60 seconds, twice daily for one month.  It has been found that salivary 

mutan streptococci counts were significantly reduced from baseline after 1 month 

usage and showed a recovery during the mouth after cessation of   mouthrinsing.  Due 

to its antimicrobial activity against oral bacteria, it was hypothesized that rinsing with 

G. mangostana-containing mouthwash could probably lead to the reduction of oral 

malodor. 
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CHAPTER 3 

MATERIALS AND METHODS 

Subject selection 

Sixty subjects were recruited from the dental assistants at the Faculty of 

Dentistry, Mahidol University.  The inclusion criteria were based on the followings: 

having at least 20 teeth, mild to moderate chronic gingivitis and having over 80 parts 

per billion (ppb) of VSCs in the morning breath.  Subjects were excluded from the 

study if they were smokers, denture wearers, having systemic complicating factors or 

oral pathology and taking an antibiotic 1 month prior to the study.  Subjects who met 

the criteria were informed about the design and the objectives of the study, and asked 

to sign the informed consent before entering the study. 

 

Study design 

The study was a randomized, double-blinded clinical trial.   

 

Screening examination 

The screening examinations were done at 8.00 a.m.  Subjects were asked to 

refrain from tooth brushing, mouthrinsing, eating, drinking, gum chewing or using any 

scented products for at least 2 hours before measurement.  They were asked to rinse 

with water before measurement for at least 20 minutes and stop talking for at least 5 

minutes prior to examination to protect dry mouth effect. The evaluations of early 

morning mouth air were performed by measuring VSCs level with a sulphide monitor 

(Halimeter® Interscan Model RH-17, U.S.A).  The monitor was set to zero on ambient 

air.  The disposable plastic straw was inserted into the incompletely closed oral cavity 

(approximately 4 cm). Subjects were asked to breath through their noses.  The 

measurements were performed 3 times and the mean levels of VSCs were recorded as 

peak ppb. Only subjects who had over 80 ppb were included in the study. 
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Following screening examination, subjects were randomly distributed into the 

herbal mouthwash group (N=30) or the placebo mouthwash group (N=30).  Both 

mouthwashes were prepared by the Faculty of Pharmacy, Mahidol University. 

 

Effect of herbal mouthwash on VSCs level after one rinsing 
  At Day 0, VSCs level was measured at 8.00 a.m. by the sulphide monitor as 

previously described.  Subsequently, plaque index (PI) (86) and papillary bleeding 

index (PBI) (87) were scored on the Ramfjord teeth.  Results were recorded as means 

of buccal and lingual surfaces examined.  Subjects were thoroughly rinsed with 15 ml 

of the assigned mouthwash for 30 seconds.  To determine the effect of mouthwash on 

oral malodor after one rinsing, the level of VSCs was re-evaluated at the following 30 

minutes and 3 hours.  Within this period, the subjects were asked to refrain from 

eating, rinsing with water and toothbrushing. 

 

Effect of herbal mouthwash on VSCs level, plaque and papillary bleeding index in 

gingivitis subjects  

Baseline parameters consisted of VSCs level, plaque and papillary bleeding 

index were recorded at Day 0 as readily mentioned. To determine the effects of 

mouthwash on these parameters in gingivitis subjects after 2-week usage, the subjects 

were asked to rinse with the assigned mouthwash twice daily after toothbrushing for 2 

weeks and were asked to refrain from eating, drinking or rinsing with water for at least 

30 minutes after rinsing with the assigned mouthwash. During the course of the study, 

subjects continued their usual oral hygiene and dietary habits but refrain from rinsing 

with other mouthwash.  All parameters were recorded again at Day 15. 

 

Wash out period 

Subjects stopped using any mouthwash for the following 4 weeks. Within this 

period, full mouth scaling, root planing and polishing were performed in all subjects.  
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Effect of herbal mouthwash on the recurrence of VSCs, plaque and papillary 

bleeding index in subjects after scaling and root planing 

This part of the study was performed to determine the effect of herbal 

mouthwash on the recurrence of VSCs, plaque and papillary bleeding index in subjects 

after scaling and root planing.  At Day 0, measurement of VSCs level and the clinical 

parameters was performed at 8.00 a.m. as previously described.  Subjects were then 

re-randomly re-distributed into the herbal (N=30) or the placebo mouthwash group 

(N=30).  For the following 2 weeks, subjects were asked to rinse with the assigned 

mouthwash twice daily after toothbrushing as previously described.  All parameters 

were recorded again at Day 15. 

 

The experimental designed was summarized in Table 3. 
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Table 3   The experimental design 

 

Screening Experiments 

 

Washout 

(4 weeks) 

Experiments 

 

8 a.m. 

VSCs 

measured 

 

 

 

 

Randomized 

distribution 

Day 0 (8 a.m.) 

VSCs, PI, PBI measured 

(baseline) 

 

 

 

 

Rinsing with the assigned 

mouthwash 

 

 

30 min & 3 h after 

rinsing- 

VSCs measured 

 

 

 

Rinsing with assigned 

 mouthwash twice daily 

 for 2 weeks 

 

 

Day 15 (8 a.m.) 

VSCs, PI, PBI measured 

 

 

-No rinsing 

-Scaling, 

root planing 

& polishing 

Day 0 (8 a.m.) 

VSCs, PI, PBI measured 

(baseline) 

 

 

 

 

Re-randomized re-

distribution 

 

 

Rinsing with assigned 

mouthwash twice daily 

for 2 weeks 

 

 

 

Day 15 (8 a.m.) 

VSCs, PI, PBI measured 
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Statistical analysis 

For within group comparison, paired t-test was used for the analysis of VSCs 

level and Mann-Whitney U test was used for the analysis of plaque and papillary 

bleeding index.  For a comparison between herbal and placebo mouthwash group,      

t-test was used to analyze VSCs level and the Wilcoxon Sign Rank Test was used to 

analyse plaque and papillary bleeding index.  The significance level was set at           

p< 0.05. 
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CHAPTER 4 

RESULT 

Effect of herbal mouthwash on VSCs level after one rinsing 
At baseline, the VSCs level in the herbal mouthwash group and the placebo 

mouthwash group was 248.35±172.30 ppb and 237.45±114.15 ppb, respectively.  

After one rinsing, VSCs level was reduced to 110.35±78.99 ppb at 30 minutes and 

153.41±139.77 ppb at 3 hours in the herbal mouthwash group and 160.38±129.47 ppb 

at 30 minutes and 181.87±149.40 ppb at 3 hours in the placebo mouthwash group.  

The percent reduction of VSCs level at 30 minutes and 3 hours after rinsing was 

55.65% and 38% in the herbal mouthwash group and 32% and 23% in the placebo 

mouthwash group, respectively (Table 4).   

When compared to baseline, significant reduction in VSCs level was 

observed in both groups for all periods (p<0.05).  It seems that the herbal mouthwash 

could more effectively reduce VSCs level when compared to the placebo mouthwash, 

however, no significant differences were found in the between groups comparison at 

any time points.  

 

Table 4  VSCs level (ppb) at baseline, 30 minutes and 3 hours after rinsing  

 

     Baseline 30 minutes            3 hours 

Herbal  248.35±172.30

  

110.35±78.99∗ (55.65%) 153.41±139.77∗(38%) 

Placebo   237.45±114.15 

 

160.38±129.47∗ (32%) 181.87±149.40∗(23%) 

Results were expressed as mean ± standard deviation. 

( __ ) Percentage of VSCs reduction from baseline level 

∗ Significantly different compared to baseline (p< 0.05) 
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Effect of herbal mouthwash on VSCs level, plaque and papillary bleeding index in 

gingivitis subjects  

 At baseline, the VSCs level in the herbal mouthwash group and the placebo 

mouthwash group was 248.35±172.30 ppb and 237.45 ± 114.15 ppb, respectively.  

After 2-week usage, the VSCs level was 100.54 ± 69.37 in the herbal mouthwash 

group (59.68% reduction from baseline level) and 176.83±123.6 ppb (25.74% 

reduction from baseline level) in the placebo mouthwash group.  These reductions 

were significantly different when compared to baseline in both groups (p<0.05).  At 

Day 15, the between group comparison showed that VSCs level in the herbal 

mouthwash group was significantly different when compared to the placebo 

mouthwash group (p<0.05) (Table 5, Figure 1). 

Plaque index in the herbal mouthwash group and the placebo mouthwash 

group at baseline was 1.653 ± 0.620 and 1.664 ± 0.505, respectively. After 2-week 

usage, plaque index was reduced to 1.188 ± 0.599 (28.43% reduction) in the herbal 

mouthwash group and 1.147 ± 0.427 (31% reduction) in the placebo mouthwash group 

(Table 5, Figure 2). Papillary bleeding index in the herbal mouthwash group and the 

placebo mouthwash group at baseline was 1.833 ± 0.729 and 1.892 ± 0.725, 

respectively.  At Day 15, papillary bleeding index was 1.365 ± 0.694 (25.64% 

reduction) in the herbal mouthwash group and 1.381 ± 0.683 (26.96% reduction) in the 

placebo mouthwash group.  Plaque and papillary bleeding index were significantly 

different when compared to baseline in both groups (p<0.05).  However, no significant 

differences between groups were observed (Table 5, Figure 3). 
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Table 5  VSCs level,  plaque and papillary bleeding index at baseline and after rinsing 

for 2 weeks in gingivitis subjects 

  

    Parameter   Group       Baseline              Day 15 

 
Herbal 

 
248.35±172.30 

 
100.54±69.37∗(59.68%)         

                                              + 

 
  VSCs (ppb)    

  
Placebo 

 
237.45±114.15 

 
176.83±123.6∗ (25.74%) 

 

Herbal 

 

1.653 ±0.620 

 

1.188±0.599∗ (28.43%) 

 

   Plaque index 

 

Placebo 

 

1.664±0.505 

 

1.147±0.427∗ (31%) 

 

Herbal 

 

1.833±0.729 

 

1.365±0.694∗ (25.64%) 

 

Papillary bleeding 

 index  

Placebo 

 

 

1.892±0.725 

 

1.381±0.683∗ (26.96%) 

Results were expressed as mean ± standard deviation. 

(__) Percentage of reduction from baseline level 
∗Significant difference compared to baseline (p< 0.05) 
+Significant difference compared to placebo mouthwash (p< 0.05) 
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Figure 1  VSCs level  at baseline and after rinsing with the assigned mouthwash for  

 2 weeks in gingivitis subjects 
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Figure 2    Plaque index at baseline and after rinsing with the assigned mouthwash for 

2 weeks in gingivitis subjects 
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Figure 3   Papillary bleeding index at baseline and after rinsing with the assigned 

mouthwash for 2 weeks in gingivitis subjects 
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Effect of herbal mouthwash on the recurrence of VSCs, plaque and papillary 

bleeding index in subjects after scaling and root planing 

 After scaling and root planing, baseline parameters were recorded.  The VSCs 

level in the herbal mouthwash group and the placebo mouthwash group was 141.35 ± 

102.51 ppb and 160.64 ± 129.89 ppb, respectively.  After rinsing for 2 weeks, the 

VSCs level was 112.74 ± 74.93 in the herbal mouthwash group (29.13% reduction 

from baseline level) and 159.09 ± 102.11 ppb (12% reduction from baseline level) in 

the placebo mouthwash group.  No significant differences were found within groups 

(p>0.05).  However, VSCs level in the herbal mouthwash group was significantly 

greater reduction when compared to the placebo mouthwash group at Day 15, (p<0.05) 

(Table 6, Figure 4).  

 Regarding the periodontal-associated parameter, plaque index in the herbal 

mouthwash group and the placebo mouthwash group at baseline was 0.454 ± 0.232 

and 0.615 ± 0.414, respectively.  After 2-week usage, plaque index was reduced to 

0.389 ± 0.241 (14.31% reduction) in the herbal mouthwash group and 0.475 ± 0.339 

(22.67% reduction) in the placebo mouthwash group (Table 6, Figure 5). Papillary 

bleeding index in the herbal mouthwash group and the placebo mouthwash group at 

baseline was 0.774 ± 0.345 and 0.822 ± 0.387, respectively.  At Day 15, papillary 

bleeding index was 0.623 ± 0.370 (19.5% reduction) in the herbal mouthwash group 

and 0.790±0375 (3.89% reduction) in the placebo mouthwash group.  Plaque index in 

the placebo mouthwash groups and papillary bleeding index in the herbal mouthwash 

group was significantly reduction when compared to its own baseline (p<0.05).  

However, no significant differences between groups were observed (Table 6, Figure 

6). 

In this study, staining, irritation, desquamation, changing of the taste 

perception were not noticed after using the herbal and placebo mouthwash throughout 

a 2-week period.  
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Table 6   VSCs level,  plaque and papillary bleeding index at baseline and after rinsing 

for 2  weeks  in subjects after scaling and root planing 

Parameter    Group       Baseline               Day 15 

 
Herbal  

 
141.35±102.51  

 
112.74±74.93+ (29.13%) 

+ 

 
VSCs (ppb)   

 
Placebo  

 
160.64±129.89  

 
159.09±102.11 (12%) 

 

Herbal   

 

0.454±0.232  

 

0.389±0.241 (14.31%) 

 

Plaque index 

 

Placebo  

 

0.615±0.414  

 

0.475±0.339∗ (22.67%) 

 

Herbal   

 

0.774±0.345  

 

0.623±0.370∗ (19.5%)  

 

Papillary bleeding 

 index   

Placebo  

 

0.822±0.387  

 

0.790±0375 (3.89%) 

 
Results are expressed as mean ± standard deviation. 

(__) Percentage of reduction from baseline level 
∗ Significant difference compared to baseline (p< 0.05) 
+Significant difference compared to placebo mouthwash (p< 0.05) 
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Figure 4   VSCs level at baseline and after rinsing for 2 weeks in subjects after scaling  

  and root planing 
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Figure 5   Plaque index at baseline and after rinsing for 2 weeks in subjects after  

  scaling and root planing 
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 Figure 6   Papillary bleeding index at baseline and after rinsing for 2 weeks in 

subjects after scaling and root planing 
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CHAPTER 5 

DISCUSSION 
 
 

Mouthrinsing is a common oral hygiene practice dating back to ancient times. 

Although, in recent years, the plaque and gingivitis-reducing properties of various 

mouthrinse have been emphasized, one of the major concerns which lead to its 

frequent use is halitosis.  Various studies have shown that halitosis could be 

effectively controlled by rinsing with mouthwash. (18, 67) Tonzetich presented 

comparison between mouthwash rinsing, water rinsing and tooth brushing; mouthwash 

rinsing was decidedly the most superior to reduction oral malodor. (5)  

The effectiveness of mouthwash in reducing malodor could be assessed by 

determining the duration and the percent reduction of VSCs level.   The duration was 

assessed as the time it took for the response to return to that seen at baseline while the 

percent reduction was the maximum VSCs level after application of the mouthwash, 

expressed as a percent of that obtained at baseline.   

VSCs concentrations are fluctuated during different period of the day.  These 

fluctuations depend on several factors, for example, the time of the measurements.  It 

has been found that level of VSCs is highest at early morning mouth air, after 

extended periods of reduced salivary flow and cessation of oral cleansing procedures.  

Thus, in the present study, VSCs were measured from early morning breath. 

Additionally, subjects were asked to refrain from breakfast at the day of the 

measurement to avoid the mechanical action of chewing that would stimulate the flow 

of saliva (56) and the passage of food over the dorsal surface of the tongue that would 

remove the putrefied surface film and simulate the action of tongue brushing.  On the 

other hand, following ingestion of food, there is a decrease in pH below 7.2, which has 

been reported by McNamara et al. (2) to be optimum for odor production by oral 

organism.  

It has been found that the extracts from fruit peel of G. mangostana L. 

possess antimicrobial and anti-inflammatory activities. (76, 79, Amornchat C, 
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Unpublished data) Based on these properties, mouthwash containing these herbal 

extracts may be used as an adjunct in treating oral malodor.  In this study, the effects 

of herbal mouthwash on the reduction of VSCs after one rinsing was evaluated at 30 

minutes and 3 hours post rinsing.  Kleinberg et al. (88) have shown that these 

durations were suitable for the definitive assessment of odor reduction.  Previous study 

by Schmidt et al. (89) has demonstrated that rinsing with two-phases water/oil 

mouthwash could significantly reduce VSCs level (approximately 37 %) at 3 hours 

post rinsing when compared to baseline and was significantly more effective than the 

saline rinsing and no rinsing. In this study, the herbal mouthwash could significantly 

reduce VSCs level at 30 minutes and 3 hours post rinsing.  When compared between 

groups, it seemed that the herbal mouthwash could more effectively reduce VSCs 

level than the placebo mouthwash (55.65 % VS. 32 %). However, no statistically 

significant differences were found. Thus, the reduction of VSCs after one rinsing may 

be explained by the residue wash out effect.  

To assess the effects of herbal mouthwash on VSCs level, plaque and 

papillary bleeding index in gingivitis subjects, the mouthwash was assigned to use 

twice daily for 2 weeks.  It has been found that the herbal mouthwash could 

significantly reduce VSCs level as compared to baseline (59.68%) and presented 

significantly greater reduction of VSCs as compared to the placebo. Concomitantly, 

significant reduction of bleeding index as compared to baseline was found. Persson et 

al. (23, 32) found that the ratios of methyl mercaptan/hydrogen sulphide were 

increased and highly correlated with the presence of bleeding on probing. Other 

reports have also shown that VSCs level increases with the increased number of 

bleeding periodontal tissue. (26, 90)  Thus, in addition to the reduction of certain oral 

bacteria capable of producing hydrogen sulphide and methyl mercaptan, the use of 

herbal mouthwash may lead to the reduction of blood cell debris which is sources of 

protein that can be degraded into cysteine and methionine.  

Although subjects still practiced their usual oral hygiene, the reduction of 

plaque level was found without significant differences between the herbal mouthwash 

and the placebo mouthwash group.  Thus, the reduction of plaque level was not 

associated with VSCs level in the whole mouth and this may be explained by the 

Horthrones’ effect. The role of supragingival plaque in malodor production was 
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unclear because, in some investigations, plaque index was significantly associated 

with oral malodor (52, 92) while other investigation did not report a significant 

correlation. (92) Likewise, Kozlovsky et al (9) presented that the 2-phase mouthrinse 

appeared more effective than the controlled mouthrinse in reducing malodor, but was 

relatively less effective in supragingival plaque control.  

 In the present study, it was found that level of VSC after 2-week usage of the 

herbal mouthwash was 100.54 ± 69.37 ppb. This level was considered as still having 

oral malodor.  This is not surprising because gingival inflammation was still present in 

these subjects.  In addition, they have not been informed to brush their tongues.  Since 

tongue coating is comprised of desquamated epithelial cells, blood cells and bacteria, 

all of these can contribute to the increased VSCs production.  It has been found that 

60% of total VSCs were produced from the tongue in both healthy and periodontally-

involved patients. (93)   

The last objective of the present study was to determine the effects of herbal 

mouthwash on the recurrence of malodor and related parameters in subjects after 

scaling and root planing. Baseline level of VSCs in treated subjects was much lower 

than that obtained from gingivitis subjects. After 2 weeks-usage of herbal mouthwash, 

VSCs level was reduced by 29.13%. Although not significantly different when 

compared to baseline, this level was significantly different when compared to the 

placebo. Again, level of VSCs was considered as having oral malodor due to the lack 

of standard oral hygiene practice and tongue brushing.  The herbal mouthwash also 

presented a significant reduction of bleeding index when compared to baseline.   

Regarding the effect of VSCs, an in vitro experiment (94) has demonstrated 

that cell exposed to methyl mercaptan synthesize less collagen, degrade more 

collagen, and accumulate collagen precursors which are poorly cross-linked and 

susceptible to proteolysis.  VSCs may modulate inflammatory responses of gingival 

tissue by facilitating penetration of LPS into the non-keratinized epithelium, basement 

membrane, and underlying lamina propia. (95) Additionally, VSCs is capable of 

altering permeability of the gingival tissues, and modulating a function of gingival 

fibroblasts.  Only low concentration and short period of VSCs exposure may have a 

pathologic effect on tissue not only in gingivitis but also in healthy gingiva.  Thus, the 

presence of VSCs may have an influence on the early stages of gingival inflammation 
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and might be important initiators of gingivitis. Taken together, the reduction of VSCs 

after using herbal mouthwash may retard the transition from healthy periodontium to 

the formation of periodontal disease. 
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CHAPTER 6 

CONCLUSION 

 The result from this study indicated that the herbal mouthwash rinsing 

improved VSCs level when compared to baseline at 30 minutes and 3 hours after 

rinsing significantly. For 2 weeks-rinsing provided significantly VSCs level reduction 

when compared to its own baseline and placebo mouthwash before scaling and root 

planing. Additionally, 2 weeks-rinsing after scaling and root planing provided 

significantly VSCs level reduction when compared to placebo mouthwash. 

2-weeks herbal mouthwash usage presented reduction significantly of all 

clinical parameters in the comparison to baseline before scaling and root planning and 

papillary bleeding index in the comparison to placebo mouthwash after scaling and 

root planning. Additionally, the herbal mouthwash was not noticed about staining, 

irritation, desquamation, changing of the taste perception which was the side effect can 

normally found after rinsing with another anti-microbial chemical mouthwashes.  

 It was concluded that Garcinia mangostana L extracts mouthwash reduced 

malodor problem in gingivitis subject not only one rinse up to 3 hours but also in 

continuous rinsing for 2 week. Additionally, Garcinia mangostana L extracts 

mouthwash can prevent the recurrence of oral malodor and gingival inflammation 

after scaling and root planning. However, the long term clinical research, including 

modification of the formulation or adjustment of the dose and frequency of 

administration for obtaining the optimum results when used an adjunct in periodontal 

treatment may also be considered in the future studies. Additionally, comparison the 

effect to oral malodor problem with another anti-microbial mouthwash will be 

suggested. 

.   
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