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[Abstract] Oral malodor, a common oral symptom, is primarily caused by the metabolic activities of oral
microorganisms. The characteristic odors mainly originate from volatile sulfur compounds produced and released by oral
bacteria (such as Fusobacterium nucleatum and Porphyromonas gingivalis) through specific enzymatic systems that break
down sulfur-containing amino acids in saliva, gingival crevicular fluid, and food debris. Research indicates that various
factors, including periodontitis, fungal infections, smoking, and obesity, can worsen oral malodor by altering the oral
microenvironment. For prevention and treatment, novel interventions such as plant extracts, antimicrobial peptides, and
probiotics demonstrate superior microbiological safety compared to traditional antimicrobial drugs. These approaches
specifically inhibit pathogenic bacteria, disrupt biofilm structures, and regulate oral microbial balance. This review
summarizes relevant research advances to provide new theoretical foundations and practical directions for the precise
prevention and treatment of oral malodor.
[Key words] Oral malodor Microorganisms Volatile sulfur compounds Periodontal diseases

Dorsal tongue biofilm Review

IR S R SRR PSSR BR 7B IR, 248 M F Rl SRS sS A, U I S 4 B R B R (E S .
S JEE R R ) A B S i ORI — Tl AR IR o 1 S B WUE A A PR R T, 2 B AT 1B WA R 3 L
bR F BRI & ML) (volatile sulfur compounds, VSCs) A=K Sl T B0 11 i A AR SR A T B S R A
MR, 2 Wik S (hydrogen sulfide, H,S) . H A i R AWK+ mﬁéﬁlﬁ%a‘ﬁcﬂllﬁﬂaﬁﬁ—fpﬁ)%zt%lﬂ
(methyl mercaptan, CH,SH) #l — H FE 7 fi# ( dimethyl MR T A WUV 500 5 D e R A= i S ek 22 1Y
sulfide, (CH,),S ) = H i, 1A 475 fif ek — P ik — 5 Jt A R, FEASE B R T LR TN O R | ﬁ’(
TERAERSE AR S 20204 —TURA TR FIF AR R, AW 510 SRR ) Z (B AR TR, LS R e
BRI SR AR R15% ~ 60%. H I FIR AL 3 WA R S P Tl X A IR AT R T W
7%, JUHIE ™ VSCsHY TR R, 1852 52 ALl 0 25 3K ) 5 bk 1Y
* [ R R L RHRE 1 s H CF R, 2023) 28l A
A SE{51E#, E-mail: shaohuage@sdu.edu.cn TR BN, 4 8 58 575 75 AR P b e e e A E
4R F183: 2026-01-20 A:H,S. CH,SHAI(CH,),SSFFFIEME SR BT, TP mUIT 25



http://orcid.org/0009-0009-9828-0496
http://orcid.org/0000-0003-3821-5480
http://orcid.org/0009-0009-9828-0496
http://orcid.org/0000-0003-3821-5480
http://orcid.org/0009-0009-9828-0496
http://orcid.org/0000-0003-3821-5480
http://orcid.org/0009-0009-9828-0496
http://orcid.org/0000-0003-3821-5480
mailto:shaohuage@sdu.edu.cn
mailto:shaohuage@sdu.edu.cn

38 PR A=A (B 2D

5 5745

R SR

R, RSBk 04 Bl VA S s AL GE ) s i
JR ZE AR ] T, AR R IR A A 2 R T )
FAVSCs T RE, (B HXS AR S R BRE A K 55 %
i 245 55 ) 2R M 0 o ARk, AR PUIRTAR . 25
A TR AR I s MRRE 0y o e T A R S
TRIETE . THeA IR s 81T PR S a4, Sy
SRR AR AT B GRS TR 1] . A SCR G ik 1
SR AR ) 2 R B W BT T IR, LA R i
IRIZER SRR RIS 2%

1 EHSBEORSKNMEY

L P A iR A S R G5 1k SR )
FAK . BEFERM, 10105 A S0 e B AR ) A= 4
JATAE .5 22 57, 1 SR BUAE R S ™ VS C il 1) S
A, VLR SE R A AU S e H BRI, —5
LG S B, 2985% HY 11 S A 1] phy o 22 FRBA PR R 5 1

TETH B JZ 1T, 5 1 EESRAR S A4 7 VS Cs Il 2 2 A4
TR R | ARFFIEJE | W R S5 17D R (R 1) o
Horp A EERR R | I s S e D R I S
VSCs/K V-5 1 2 TEAHSE, TR R | I AT B & 5551
R W S BOARH G . AR R Z 1T, 322877 VS Cs i AL 4

SF U R TR | PR IR AR AT IR L R R ER AT R A
(GR1). MR E RN, BAE0A Y SRR R 1Y SEAEHE
BREEFIMER F S bR K T, L E IR SERERE 7/ E VSCs, JF
A= VSCs B S A KSR, e Ah, 52 IR AT
(Solobacterium moorei, S. moorei) VE A 1 i 5 MR (R 45 574
TR, T S G 3 0 2 v TR R

AR R A IV SCs HA Fp S 1k B an, R AT 1
7% 3 DA Jam TIN5 T o -5 H, S ) AR B DA OG>
T BATFEIRE I s | 35 7 TR 1 S5 U 5 CHLSH A SCGHR BE
BRVSCsHh, AR MIHERRTE . FLAZLMRAT T S5 R D 7 A= Ay g
FNFE R R IR 1 1S SR 1) B Bl

UEAER, 22 TUHE T vy i B I T 5T TR 7R
KR . 538 5 IR R A E BRI 38 5 1 s S5 A 6
o (HAS IR A, S o IR T S 28 T8 B IR
SEBOFT R B E o BEE e MR R N A o i K
Ji&, AR DB IR ORI e, T HE S 58
T B IETR M ARE ST, ITAFE R AR R R GESE; MR ERIE
T AR S — TRl ™ s DR AR R 2 TR PR B TR, AU 1
WAEYWTTE PRI R) R EH A . FoFriEdE WoR, R R
PAT 1o 200 it 1 D 202 45 3% B = S R T 7 AE VS Cs 1Y)
AT B, DRI A DA Ay 11 J S RS ol ) S B R T
z—,

F1 ORERWHEXERREIMOMEY 1K BENFE

Table 1 Factors associated with oral malodor and their corresponding microbial phylum, genus, and species

Factor Phylum

Genus

Species

Direct cause of oral malodor

Patescibacteria and
Synergistot

Periodontitis

Tongue coating

Fungi
Smoking

Obesity

Denture wearing

COVID-19

Actinomyces, Bacteroides,
Aggregatibacter, Campylobacter,
Capnocytophaga, Fusobacterium,
Eubacterium, Parvimonas,
Porphyromonas, Prevotella,
Selenomonas, Tannerella,
Peptostreptococcus, Dialister,
Treponema, Veillonella, and Moryella

Tannerella, Selenomonas, Bacteroides,

Filifactor, Phocaeicola,
Stenotrophomonas, Cryptobacterium,
and Desulfobacter

Aggregatibacter, Veillonella,
Campylobacter, Actinomyces,
Fusobacterium, Capnocytophaga,
Prevotella, Leptotrichia, Parvimonas,
Peptostreptococcus, Peptococcus,
Selenomonas, Dialister, Tannerella,
Treponema, and Halobacterium

Streptococcus, Prevotella, and
Veillonella
Prevotella, Granulicatella,

Peptostreptococcus, Halobacterium,

Cardinium, and Clostridioides
Leptotrichia, Proteus, Megasphaera,

Olsenella, and Campylobacter

Atopobium parvulum, Dialister, Enterococcus faecalis,
Solobacterium moorei, Neisseria flavescens, Porphyromonas
gingivalis, Aggregatibacter actinomycetemcomitans, Prevotella
intermedia, Granulicatella adiacens, Gemella sanguinis,
Actinomyces odontolyticus, Mogibacterium neglectum,
Fusobacterium periodonticum, Moryella, Prevotella
melaninogenica, Campylobacter concisus, Neisseria cinerea,
Streptococcus mitis, Streptococcus pseudobrevis, and
Solobacterium moorei

Red and orange complex (Porphyromonas gingivalis,

Tannerella forsythia, Treponema denticola, et al),
Eubacterium nodatum, Laribacter hongkongensis,
Actinomyces, Campylobacter, Pseudomonas, Fusobacterium,

Prevotella, Rothia, Solobacterium, and Streptococcus
Faecalicatena, Filifactor, and Tannerella forsythia

Candida albicans

SARS-CoV-2

COVID-19: corona virus disease 2019; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
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Microorganisms causing oral malodor
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proper tooth brushing, and ossing
Recommended | Conventional
Treatment
ing th
targeting the ——\ \rp D TCM PDT Antibiotics
bacterial extracts
metabolites
Bifidobacterium
Honol:loll 3;1131 animalis ZK_77’ Medicinal and
LEBUE Yo Bl Lactobacillus edible Metronidazole
apple polyphenol  salivarius ZK-88, e ahEs
extract, PE Streptococcus

salivarius ZK-102

B 1 SR M eI R s R R

Fig 1 Pathways for selecting therapeutic strategies targeting microorganisms

AMP: antimicrobial peptide; TCM: Traditional Chinese Medicine; PDT: laser therapy and photodynamic therapy; SM: SuperMint; PE: phyllanthus emblica fruit

extract.
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