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1. Introduction

Oral malodor, also called halitosis or bad breath, is one of the major complaints made by
patients visiting the dentist, ranking behind only dental caries and periodontal disease. It
can originate from either systemic or oral conditions, but is usually related to an oral cause.
Clinical causes of oral malodor include periodontitis, poor oral hygiene, tongue debris, deep
caries, inadequately fitted restorations, endodontic lesions, and low salivary flow [1-5].
Under such conditions, it is thought that either bacterial cell numbers increase or oral
bacterial communities shift towards a composition producing high levels of malodor. The
major compounds that contribute to oral malodor are volatile sulfur compounds (VSCs),
such as hydrogen sulfide (H.S), methyl mercaptan (CH3SH), and dimethyl sulfide
(CHsSCH3) [6, 7]. In addition, methylamine, dimethylamine, propionic acid, butyric acid,
indole, scatole, and cadaverine are reported to cause oral malodor. About 90% of the VSCs
in mouth air are H,S and CH3SH [7], which are produced through bacterial metabolism of
sulfur-containing amino acids, such as cysteine and methionine. Gram-negative anaerobes
are important producers of VSCs. Persson et al. [8] reported that periodontal pathogens
isolated from subgingival plaque, such as Porphyromonas gingivalis, Prevotella intermedia,
Tannerella forsythensis and Treponema denticola, generated significant amounts of H,S and
CH3SH. An examination of the microbiota composition of the tongue biofilm of individuals
with no periodontitis, or only a slight degree of periodontitis, suggested that the major
species of H;S-producing bacteria were Veillonella, Actinomyces, and Prevotella [9]. On the
other hand, Gram-positive oral bacteria, primarily streptococci, may also promote VSC
production by Gram-negative bacteria [10]. Recently, Takeshita et al. [11] determined the
bacterial composition of saliva, based on terminal-restriction fragment length
polymorphism (T-RFLP) profiles using hierarchical cluster analysis, and associated the
global composition of indigenous bacterial populations with the severity of oral malodor.
The human oral cavity contains more than 500 bacterial species that interact both with each
other and host tissues, suggesting that various bacteria may be related to malodor
production.

Oral-derived malodor is classified into physiological and pathogenic odor. The microbial
composition of the oral cavity varies according to clinical condition; therefore, the most
appropriate management strategy may also differ. However, the common goal of regimen
for the treatment of oral malodor is the acquisition of a healthy oral condition, including
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normal microbiota. In this chapter, we review and summarize previous studies of the
relationship between oral malodor and oral bacteria, and discuss oral microbiota-focused
therapeutic strategies in addition to mechanical oral hygiene.

2. VSC-producing bacteria and oral malodor

Periodontopathic bacteria

Periodontal disease is the primary cause of pathogenic oral malodor [7, 12]. The majority of
the bacterial species isolated from subgingival microbiota produces H>S and CH3;SH [8]. In
particular, bacterial strains forming large amounts of H,S from L-cysteine were found in the
genera Peptostreptococcus, Eubacterium, Salenomonas, Centipeda, Bacteroides, and Fusobacterium,
and CH3SH from L-methionine was formed by some members of the genera Fusobacterium,
Bacteroides, Porphyromonas, and Eubacterium [8]. Periodontopathic bacteria have been isolated
from the tongue coating and saliva, in addition to the periodontal pocket, in subjects with
periodontal disease [13, 14]. In particular, the tongue coating is considered a major source of
malodor in both periodontally diseased and healthy individuals, because VSC-producing
bacteria have easy access to nutrients, such as desquamated epithelium and food debris, in
the tongue coating [12, 15, 16]. It is generally observed that patients with chronic
periodontitis have far more tongue coating and higher VSC levels than healthy individuals
[15, 16]. Tanaka et al. [13] quantified five periodontopathic bacteria, including P. gingivalis, T.
forsythensis, P intermedia, Prevotella nigrescens, and T. denticola, in the tongue debris of
patients complaining of halitosis, using real-time polymerase chain reaction (PCR). They
found a strong positive correlation between the proportions of periodontopathic bacteria
and VSC levels. Furthermore, their data suggest that the proportions of P. intermedia and
P. nigrescens on tongue dorsa are correlated with H>S concentration. In addition, the
proportions of P. gingivalis and P. nigrescens also showed a strong correlation with CH3SH
concentration. Among the different surfaces in the oral cavity, the bacterial composition of
saliva is most similar to that of the tongue coating [17], and bacteria that inhabit other oral
surfaces can also be recovered from saliva [18-20]. Therefore, many investigators have
used saliva samples to evaluate the relationship between oral malodor and oral
microorganisms as reflecting the overall condition of the oral cavity [11, 14, 21]. Awano et
al. [14] detected the presence of T. forsythensis, P. gingivalis, Aggregatibacter
actinomycetemcomitans, and P. intermedia by PCR in the saliva of patients complaining of
halitosis. They suggested that the presence of T. forsythensis, P. gingivalis, and P. intermedia
influenced VSC production, and the presence of T. forsythensis in subjects with
periodontitis was strongly correlated with VSC concentration in mouth air. One study
investigating the relationship between oral malodor and the menstrual cycle reported that
VSC, bleeding on probing (BOP), and P. intermedia numbers in saliva significantly
increased during ovulation in females with periodontitis [21]. In a previous study, we
examined the presence of Helicobacter pylori, which can cause peptic ulcers and gastric
cancer [22, 23] and may cause periodontitis and halitosis [24, 25], in the saliva of patients
complaining of halitosis [26]. The presence of H. pylori correlated with CH3;SH
concentration and periodontal parameters including tooth mobility, periodontal pocket
depth, and occult blood in the saliva. Collectively, several periodontopathic bacteria
involved in malodor production have been identified and studied.
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Normal inhabitants of the tongue

Physiological halitosis in periodontally and systemically healthy people is caused mainly by
VSC-producing commensal bacteria that inhabit the tongue coating [27]. According to a
study of the topographic distribution of bacterial types on the tongue surface in
periodontally healthy subjects, the dorsal posterior to the circumvallate papillae consistently
carried the highest load of all bacterial groups [28]. Furthermore, anaerobic, Gram-negative,
and VSC-producing (P. gingivalis, F. nucleatum, and P. intermedia) bacterial counts on the
dorsal posterior surfaces increased with malodor intensity, whereas aerobic bacterial and
Streptococcus salivarius counts decreased. An examination of the composition of the
microbiota in tongue biofilm suggested that the major species of HxS-producing bacteria
were Veillonella, Actinomyces, and Prevotella in both the odor and no/low odor groups, and
the numbers of these bacteria in tongue biofilm were significantly higher in the odor group
than in the no/low odor group [9]. The study subjects did not have severe periodontitis (the
number of teeth with probing depth >4 mm was 1.6 and the largest probing depth was 4.0
mm) and therefore these species may contribute to H)S-production in physiological
halitosis.

3. Gram-positive bacteria and oral malodor

VSCs are produced by enzymes that transform S-amino acids into their corresponding
sulfides. The proteolytic activity of Gram-negative bacteria is closely associated with this
process [29, 30]. Many of the available proteins in the oral cavity are glycoproteins [31],
which require removal of their carbohydrate side-chains before the protein core can be
degraded [32]. Some researchers have suggested that various glycosidases, such as the -
galactosidase produced by Gram-positive oral bacteria, cleave carbohydrate side-chains of
salivary glycoproteins and contribute to VSC-production by Gram-negative oral bacteria
[33, 34]. In an in vitro study using a model P. gingivalis-mediated malodor system,
addition of Streptococcus salivarius promoted mucin degradation and concomitant malodor
production [33]. A clinical study using volunteers reported that the presence of f-
galactosidase activity in saliva showed a positive relationship with the organoleptic test
score (OLS) of the whole mouth or tongue dorsum [34]. Another study of patients
complaining of halitosis reported that the p-galactosidase-positive group showed
significantly higher OLS and VSC concentrations as measured by gas chromatography,
and tongue-coating scores [35]. Recently, Masuo et al. [36] quantified B-galactosidase
activity in the saliva of subjects complaining of halitosis, and reported a positive
correlation between enzymatic activity in whole saliva and OLS and VSC concentrations
in the periodontally healthy group, but not in the periodontitis group. In addition, the
plaque index and tongue coating score were positively correlated with B-galactosidase
activity in the periodontally healthy group. A bacterial quantitative analysis showed that
the numbers of total bacteria, F. nucleatum, and S. salivarius were positively associated
with B-galactosidase activity in the periodontally healthy group. These previous studies
suggest that B-galactosidase produced by Gram-positive bacteria plays an important role
in physiological oral malodor, although the predominant species are Gram-negative
bacteria.
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4. Malodor-associated microbiota

As described above, several bacteria involved in malodor production have been identified
and studied. The accumulation of investigations regarding VSC-production by specific
bacterial species may lead to the discovery of the mechanisms underlying oral malodor. On
the other hand, analysis of human oral flora has been limited by conventional culture-
dependent methods; thus, a significant proportion of oral bacteria remain uncultured and
uncharacterized. Malodor producers are members of the oral microbial ecosystem, which is
regulated by numerous interactions among the inhabitants. Recently, a molecular approach
based on 16S rRNA was been applied to investigate the diversity of both cultivable and
uncultivable species in the human oral cavity [37-39]. Several investigators have
attempted to identify the oral bacterial species associated with halitosis by PCR
amplification of tongue-debris samples, and cloning and sequencing of 165 rRNA genes
[40-42]. Although the size of the study populations was limited (11, 13, and 32,
respectively) and their oral condition was not described, the data showed some
similarities. The diversity of bacterial species in subjects with halitosis was greater than in
those with no halitosis. Solobacterium moorei was a key bacterial species identified only in
subjects with halitosis.

Despite the lack of fully resolved phylogenetic analyses at the species level, T-RFLP analysis
is an effective 165 rRNA-based molecular approach for the rapid assessment and
comparison of large numbers of complex bacterial communities [43]. Takeshita et al. [11]
divided the bacterial composition of the saliva of 240 subjects complaining of halitosis into
groups based on T-RFLP using hierarchical cluster analysis. Four types of bacterial
community compositions were detected (clusters I, II, III, and IV). Oral malodor parameters,
including VSC concentration in mouth air and the OLS, were lower in cluster I. Cluster III
exhibited an intermediate pattern both in terms of oral malodor parameters and T-RFLP
profile. Bacterial genera corresponding to T-RFs with greater peak area proportions in
cluster I were Streptococcus, Granulicatella, Rothia, and Treponema. Bacterial candidates
representing cluster II, which showed the highest VSC and OLS, were Veillonella and
Prevotella. Bacterial candidates representing cluster IV, which showed the second-highest
VSC and OLS, were Neisseria, Haemophilus, Aggregatibacter, Lautropia, Parvimonas,
Fusobacterium, and Porphyromonas. Two types of bacterial communities (clusters II and IV)
were implicated as malodor-associated microbiota. Further studies examining the factors
that influence differences in microbial composition are needed.

5. Therapeutic approach to manage oral halitosis from an etiologic
standpoint

Basic therapeutic approach

Since malodor originating from the mouth is due to the metabolic degradation of available
proteinaceous substrates to malodorous gases by certain oral microorganisms, it can be
improved by the reduction of bacterial load and/or nutrient availability, and conversion of
VSC to non-volatiles. Prevention and treatment of oral malodor is a primarily a matter of
oral hygiene, meaning brushing teeth, flossing, cleaning dentures, and cleaning of the
tongue dorsum. Tongue cleaning is considered the most important strategy for the
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prevention of oral malodor [44]. In addition, treatment of pathogenic oral malodor requires
treatment of oral diseases, such as periodontitis, gingivitis, deep caries, inadequate
restorations, endodontic lesions, and dry mouth [45, 46]. Chemical approaches using
mouthrinses with antimicrobial properties can reduce oral malodor by reducing the number
of microorganisms. The active ingredients in these products are chlorhexidine, essential oils,
triclosan, and cetylpyridinium chloride [47]. Other chemical agents can reduce halitosis by
chemically neutralizing VSCs. The active ingredients in these products are most commonly
zinc and chlorine dioxide [48]. Metal ions with a high affinity for sulfur inhibit the formation
of VSCs, which is likely also related to the antibacterial properties of the metal [49, 50].
Chlorine dioxide and the chlorite anion consume amino acids such as cysteine and
methionine, which are VSC precusors [51]. In addition, the chlorite anion is powerfully
bactericidal [52]. A combination of chemical agents markedly reduced VSC concentrations
[53, 54].

Biological therapeutic approach

Biological therapeutic agents, such as lactoferrin and probiotic bacteria, have been employed
to control oral malodor [55, 56]. These treatments may involve fewer side effects and are
environmentally safe. The expected effects-other than antimicrobial activity-of these agents
are diverse and the goal of the treatment is the acquisition of a healthy oral condition,
including normal microbiota. Lactoferrin, a member of the transferrin family and a
component of milk, saliva, tears, and secondary neutrophil granules, demonstrates immuno-
modulatory effects and regulates both cell proliferation and iron uptake, in addition to
antimicrobial activity [57, 58]. A study using tablets containing bovine lactoferrin and
lactoperoxidase in healthy volunteers reported that CH;SH levels were significantly lower
in the test group 10 min after ingestion as compared with the placebo group [56]. No
difference in the numbers of salivary bacteria was detected by culturing or quantitative
PCR; however, T-RFLP analysis detected one fragment with a significantly lower copy
number at 2 h in the test group as compared with the placebo group. Probiotic bacteria,
defined as live microorganisms that confer a health benefit on the host when administered
in adequate amounts (FAO/WHO 2001), are thought to play a role in the maintenance of
oral health [59]. Recently, some studies concerning the effect of probiotic bacteria on
maintaining oral health have been reported [60-62]. An open-label pilot trial using tablets
containing Lactobacillus salivarius WB21 and xylitol reported that VSC levels (H,S and

CH3SH) and OLS were significantly lower at two weeks in subjects with physiologic
halitosis, and OLS and bleeding on probing were significantly lower at four weeks in
subjects with oral pathologic halitosis [55]. Quantitative analysis by real-time PCR found
that L. salivarius and P. intermedia numbers were significantly increased in subjects with
oral pathologic halitosis at two weeks, but levels of other VSC-producing periodontal
bacteria and total bacteria in the saliva were unchanged. Another clinical trial reported
that taking a tablet containing L. salivarius WB21 reduced the number of T. forsythensis in
the subgingival plaque of healthy volunteers at four weeks [63]. Thus the effects of
biological agents on oral malodor have been confirmed, but no quantitative change in oral
bacteria was apparent. Therefore, these effects may be dependent on oral conditions. We
also investigated changes in bacterial composition after administration of L. salivarius
WB21 in subjects with periodontitis. Total bacteria in saliva was significantly reduced in
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the test group at two weeks; however, T-RFLP analysis found no difference in bacterial
composition between the test and placebo groups (unpublished data). A long-term and
large-scale study may be required to clarify the effects of biological agents on oral
microbial composition.

6. Conclusions

The present review describes the oral microorganisms and microbiota involved in the
production of oral malodor. The oral cavity contains complex, multispecies microbial
communities. Residents of these communities display extensive interactions while forming
biofilm, carrying out physiological functions, and inducing microbial pathogenesis [64]. The
bacterial composition of the oral cavity changes depending on the oral environment;
therefore, the bacterial communities associated with oral malodor also differ according to
the conditions in the oral cavity. Accumulating information on VSC-producing bacteria,
other organisms contributing to the process of oral malodor, and the key species detected in
bacterial communities with oral malodor, and comparisons between the bacterial
composition of healthy individuals versus those with physiological and pathologic malodor
will serve as a basis for exogenously modulating the interactions between biofilm
constituents, thus resulting in novel approaches for controlling biofilm activities. In the
future, oral malodor therapy approaches should be modified from “remove and kill all” to
“acquire healthy oral microbiota.”

7. References

[1] Morita M, Wang HL. Association between oral malodor and adult periodontitis: a
review. ] Clin Periodontol 2001 28:813-9. Review.

[2] Koshimune S, Awano S, Gohara K, Kurihara E, Ansai T, Takehara T. Low salivary flow
and volatile sulfur compounds in mouth air. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2003 96:31-41.

[3] Yoneda M, Naito T, Suzuki N, Yoshikane T, Hirofuji T. Oral malodor associated with
internal resorption. ] Oral Sci 2006 48:89-92.

[4] Garrett NR. Poor oral hygiene, wearing dentures at night, perceptions of mouth dryness
and burning, and lower educational level may be related to oral malodor in
denture wearers. | Evid Based Dent Pract 2010 10:67-9.

[5] Tangerman A, Winkel EG. Extra-oral halitosis: an overview. ] Breath Res 2010 2;4:017003.

[6] Kleinberg I, Westbay G. Oral malodor. Crit Rev Oral Biol Med 1990 1:247-59.

[7] Tonzetich, J. Production and origin of oral malodor: a review of mechanisms and
methods of analysis. ] Periodontol 1977 48:13-20.

[8] Persson S, Edlund MB, Claesson R, Carlsson J. The formation of hydrogen sulfide and
methyl mercaptan by oral bacteria. Oral Microbiol Immunol 1990 5:195-201.

[9] Washio ], Sato T, Koseki T, Takahashi N. Hydrogen sulfide-producing bacteria in tongue
biofilm and their relationship with oral malodor. ] Med Microbiology 2005 54:889-
95.

[10] Sterer N, Rosenberg M. Effect of deglycosylation of salivary glycoproteins on oral
malodor production. Int Dent ] 2002 52(Suppl 3):229-30.

www.intechopen.com



Relationship Between Oral Malodor and Oral Microbiota 127

[11] Takeshita T, Suzuki N, Nakano Y, Shimazaki Y, Yoneda M, Hirofuji T, Yamashita Y.
Relationship between oral malodor and the global composition of indigenous
bacterial populations in saliva. Appl Environ Microbiol 2010 76:2806-14.

[12] Yaegaki K, Sanada K. Volatile sulfur compounds in mouth air from clinically healthy
subjects and patients with periodontal disease. ] Periodontal Res 1992 27:233-8.

[13] Tanaka M, Yamamoto Y, Kuboniwa M, Nonaka A, Nishida N, Maeda K, Kataoka K,
Nagata H, Shizukuishi S. Contribution of periodontal pathogens on tongue dorsa
analyzed with real-time PCR to oral malodor. Microbes Infect 2004 6:1078-83.

[14] Awano S, Gohara K, Kurihara E, Ansai T, Takehara T. The relationship between
presence of periodontopathogenic bacteria in saliva and halitosis. Int Dent ] 2002
52:212-6.

[15] Roldan S, Herrera D, Sanz M. Biofilms and the tongue: therapeutical approaches for the
control of halitosis. Clin Oral Investig 2003 7:189-97.

[16] Yaegaki K, Sanada K. Biochemical and clinical factors influencing oral malodor in
periodontal patients. ] Periodontology 1992 63:783-9.

[17] Mager DL, Ximenez-Fyvie LA, Haffajee AD, Socransky SS. Distribution of selected
bacterial species on intraoral surfaces. ] Clin Periodontol 2003 30:644-54.

[18] Denepitiya L, Kleinberg I. A comparison if the microbial compositions of pooled human
dental plaque and salivary sediment. Arch Oral Biol 1982 27:739-45.

[19] Kononen E, Paju S, Pussinen PJ], Hyvonen P, Di Tella P, Suominen-Taipale L, Knuuttila
M. Population-based study of salivary carriage of periodontal pathogens in adults.
J Clin Microbiol 2007 45:2446-51.

[20] Mager DL, Haffajee AD, Socransky SS. Effects of periodontitis and smoking on the
microbiota of oral mucous membranes and saliva in systemically healthy subjects.
2003 30:1031-7.

[21] Kawamoto A, Sugano N, Motohashi M, Matsumoto S, Ito K. Relationship between oral
malodor and the menstrual cycle. ] Periodontal Res 2010 45:681-7.

[22] Parsonnet ], Blaser M]J, Perez-Perez GI, Hargrett-Bean N, Tauxe RV. Symptoms and risk
factors of Helicobacter pylori infection in a cohort of epidemiologists.
Gastroenterology 1992 102:41-6.

[23] Warren JR, Marshall B]. Unidentified curved bacilli on gastric epithelium in active
chronic gastritis. Lancet 1983 321:1273-5.

[24] Lee H, Kho HS, Chung JW, Chung SC, Kim YK. Volatile sulfur compounds produced
by Helicobacter pylori. ] Clin Gastroenterol 2006 40:421-6.

[25] Souto R, Colombo AP. Detection of Helicobacter pylori by polymerase chain reaction in
the subgingival biofilm and saliva of non-dyspeptic periodontal patients. ]
periodontal 2008 79:97-103.

[26] Suzuki N, Yoneda M, Naito T, Iwamoto T, Masuo Y, Yamada K, Hisama K, Okada I,
Hirofuji T. Detection of Helicobacter pylori DNA in the saliva of patients
complaining of halitosis. ] Med Microbiol 2008 57:1553-9.

[27] Yaegaki K, Coil JM. Examination, classification, and treatment of halitosis; clinical
perspectives. ] Can Dent Assoc 2000 66:257-61.

[28] Allaker RP, Waite RD, Hickling J, North M, McNab R, Bosma MP, Hughes FJ.
Topographic distribution of bacteria associated with oral malodour on the tongue.
Arch Oral Biol 2008 53:58-12.

www.intechopen.com



128 Oral Health Care — Prosthodontics, Periodontology, Biology, Research and Systemic Conditions

[29] Tonzetich ], McBride BC. Characterization of volatile sulfur production by
pathogenic and non-pathogenic strains of oral Bacteroides. Arch Oral Biol 1981
26:963-9.

[30] Nakano Y, Yoshimura M, Koga T. Correlation between oral malodor and periodontal
bacteria. Microbes Infect 2002 292:964-8.

[31] Kleinberg I, Westbay G. Salivary and metabolic factors involved in oral malodor
formation. ] Periodontol 1992 63:768-75.

[32] Gottschalk A, Fazekas De St Groth S. Studies on mucoproteins. IIl. The accessibility to
trypsin of the susceptible bond in ovine submaxillary gland mucoprotein. Biochem
Biophys Acta 1960 43:513-9.

[33] Sterer N, Rosenberg M. Streptococcus salivarius promotes mucin purification and
malodor production by Porphyromonas gingivalis. ] Dent Res 2006 85:910-4.

[34] Sterer N, Greenstein RB, Rosenberg M. B-galactosidase activity in saliva is associated
with oral malodor. ] Dent Res 2002 81:182-5.

[35] Yoneda M, Masuo Y, Suzuki N, Iwamoto T, Hirofuji T. Relationship between the B-
galactosidase activity in saliva and parameters associated with oral malodor. ]
Breath Res 2010 4:017108.

[36] Masuo Y, Suzuki N, Yoneda M, Naito T, Hirofuji T. Salivary B-galactosidase activity
affects physiological oral malodor. Arch Oral Biol 2011 In press.

[37] Kroes I, Lepp PW, Relman DA. Bacterial diversity within the human subgingival
crevice. Proc Natl Acad Sci USA 1999 96:14547-52.

[38] Paster BJ, Boches SK, Galvin JL, Ericson RE, Lau CN, Levanos VA, Sahasrabudhe A,
Dewhirst FE. Bacterial diversity in human subgingival plaque. ] Bacteriol 2001
183:3770-83.

[39] Sakamoto M, Takeuchi Y, Umeda M, Ishikawa I, Benno Y. Application of terminal RFLP
analysis to characterize oral bacterial flora in saliva of healthy subjects and patients
with periodontitis. ] Med Microbiol 2003 52:79-89.

[40] Kazor CE, Mitchell PM, Lee AM, Stokes LN, Loesche W], Dewhirst FE, Pater B]J.
Diversity of bacterial populations on the tongue dorsa of patients with halitosis and
healthy patients. ] Clin Microbiol 2003 41:558-63.

[41] Haraszthy VI, Zambon J], Sreenivasan PK, Zambon MM, Gerber D, Rego R, Parker C.
Identification of oral bacterial species associated with halitosis. ] Am Dent Assoc
2007 138:1113-20.

[42] Riggio MP, Lennon A, Rolph HJ, Hodge PJ, Donaldson A, Maxwell AJ, Bagg ]J.
Molecular identification of bacteria on the tongue dorsum of subjects with and
without halitosis. Oral Dis 2008 14:251-8.

[43] Liu WT, Marsh TL, Cheng H, Forney L]. Characterization of microbial diversity by
determining terminal restriction fragment length polymorphisms of genes
encoding 165 rRNA. Appl Environ Microbiol 1997 63:4516-22.

[44] Pham TA, Ueno M, Zaitsu T, Takehara S, Shinada K, Lam PH, Kawaguchi Y. Clinical
trial of oral malodor treatment in patients with periodontal diseases. ] Periodontal
Res 2011 In press.

[45] Tanaka M, Anguri H, Nishida N, Ojima M, Nagata H, Shizukuishi S. Reliability of
clinical parameters for predicting the outcome of oral malodor treatment. ] Dent
Res 2003 31:506-10.

www.intechopen.com



Relationship Between Oral Malodor and Oral Microbiota 129

[46] Yoneda M, Suzuki N, Macedo SM, Anan H, Hirofuji T. Confusing Endodontic cases:
case series report. Smile Dental Journal 2011 6:26-31.

[47] Cortelli JR, Barbosa MD, Westphal MA. Halitosis: a review of associated factors and
therapeutic approach. Braz Oral Res 2008 22(Suppl 1):44-54.

[48] Roldan S, Winkel EG, Herrera D, Sanz M, van Winkelhoff AJ. The effects of a new
mouthrinse containing chlorhexidine, cetylpyridinium chloride and zinc lactate on
the microflora of oral halitosis patients: a dual-centre, double-blind placebo-
controlled study. J Clin Periodontol 2003 30:427-34.

[49] Ng W, Tonzetich J. Effect of hydrogen sulphide and methyl mercaptan on the
permeability of oral mucosa. ] Dent Res 1984 63:994-7.

[50] Wéler SM. The effect of some metal ions on volatile sulfur-containing compounds
originating from the oral cavity. Acta Odontol Scand 1997 55:261-4.

[51] Lynch E, Sheerin A, Claxson AWD, Atherton MD, Rhodes CJ, Silwood CJL, Naughton
DP, Grootveld M. Multicomponent spectroscopic investigations of salivary
antioxidant consumption by an oral rinse preparation containing the stable free
radical species chlorine dioxide (ClO;). Free Radical Res 1997 26:209-34.

[52] Yates R, Moran ], Addy M, Mullan PJ, Wade WG, Newcombe R. The comparative effect
of acidified sodium chlorite and chlorhexidine mouthrinses on plaque regrowth
and salivary bacterial counts. ] Clin Periodontol 1997 24:603-9.

[53] Winkel EG, Roldén S, Van Winkelhoff AJ, Herrera D, Sanz M. Clinical effects of a new
mouthrinse containing chlorhexidine, cetylpyridinium chloride and zinc-lactate on
oral halitosis. A dual-center, double-blind placebo-controlled study. ] Clin
Periodontol 2003 30:300-6.

[54] Thrane PS, Young A, Jonski G, Rolla G. A new mouthrinse combining zinc and
chlorhexidine in low concentrations provides superior efficacy against halitosis
compared to existing formulations: a double-blind clinical study. ] Clin Dent 2007
18:82-6.

[55] Iwamoto T, Suzuki N, Tanabe K, Takeshita T, Hirofuji T. Effects of probiotic
Lactobacillus salivarius WB21 on halitosis and oral health: an open-label pilot trial.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2010 110:201-8.

[56] Shin K, Yaegaki K, Murata T, Ii H, Tanaka T, Aoyama I, Yamauchi K, Toida T, Iwatsuki
K. Effects of a composition containing lactoferrin and lactoperoxidase on oral
malodor and salivary bacteria: a randomized, double-blind, crossover, placebo-
controlled clinical trial. Clin Oral Invest 2011 15:485-93.

[57] Lonnerdal B, Iyer S. Lactoferrin: molecular structure and biological function. Annu Rev
Nutr 1995 15:93-110.

[58] Wakabayashi H, Yamauchi K, Takase M. Lactoferrin research, technology and
applications. Int Dairy ] 2006 16:1241-51.

[59] Meurman JH, Stamatova I. Probiotics: contributions to oral health. Oral Dis 2003
185:5419-30.

[60] Ahola AJ, Yli-Knuuttila H, Suomalainen T, Poussa T, Ahlstrom A, Meurman JH,
Korpela R. Short-term consumption of probiotic-containing cheese and its effect on
dental caries risk factors. Arch Oral Biol 2002 47:799-804.

[61] Grudianov Al, Dmitrieva NA, Fomenko EV. Use of probiotics Bifidumbacterin and
Acilact in tablets in therapy of periodontal inflammations. Stomatologiia. (Mosk)
2002 81:39-43.

www.intechopen.com



130 Oral Health Care — Prosthodontics, Periodontology, Biology, Research and Systemic Conditions

[62] Shimauchi H, Mayanagi G, Nakaya S, Minamibuchi M, Ito Y, Yamaki K, Hirata H.
Improvement of periodontal condition by probiotics with Lactobacillus salivarius
WB21: a randomized, double-blind, placebo-controlled study. J Clin Periodontol
2008 35:897-905.

[63] Mayanagi G, Kimura M, Nakaya S, Hirata H, Sakamoto M, Benno Y, Shimauchi H.
Probiotic effects of orally administered Lactobacillus salivarius WB21-containing
tablets on periodontopathic bacteria: a double-blinded, placebo-controlled,
randomized clinical trial. ] Clin Periodontol 2009 36:506-13.

[64] Kuramitsu HK, He X, Lux R, Anderson MH, Shi W. Interspecies interactions within oral
microbial communities. Microbiol Mol Biol Rev 2007 71:653-70.

www.intechopen.com



Oral Health Care - Prosthodontics, Periodontology, Biology,
Research and Systemic Conditions
Edited by Prof. Mandeep Virdi

ISBN 978-953-51-0040-9

Hard cover, 372 pages

Publisher InTech

Published online 29, February, 2012
Published in print edition February, 2012

Geriatric dentistry, or gerodontics, is the branch of dental care dealing with older adults involving the diagnosis,
prevention, and treatment of problems associated with normal aging and age-related diseases as part of an
interdisciplinary team with other healthcare professionals. Prosthodontics is the dental specialty pertaining to
the diagnosis, treatment planning, rehabilitation, and maintenance of the oral function, comfort, appearance,
and health of patients with clinical conditions associated with missing or deficient teeth and/or oral and
maxillofacial tissues using biocompatible materials. Periodontology, or Periodontics, is the specialty of oral
healthcare that concerns supporting structures of teeth, diseases, and conditions that affect them. The
supporting tissues are known as the periodontium, which includes the gingiva (gums), alveolar bone,
cementum, and the periodontal ligament. Oral biology deals with the microbiota and their interaction within the
oral region. Research in oral health and systemic conditions concerns the effect of various systemic conditions
on the oral cavity and conversely helps to diagnose various systemic conditions.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Nao Suzuki, Masahiro Yoneda and Takao Hirofuji (2012). Relationship Between Oral Malodor and Oral
Microbiota, Oral Health Care - Prosthodontics, Periodontology, Biology, Research and Systemic Conditions,
Prof. Mandeep Virdi (Ed.), ISBN: 978-953-51-0040-9, InTech, Available from:
http://www.intechopen.com/books/oral-health-care-prosthodontics-periodontology-biology-research-and-
systemic-conditions/relationship-between-oral-malodor-and-oral-microbiota

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




