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The age-old condition of bad breath is coming under
new scientific scrutiny, leading to insights into diagnostic
approaches and possible solutions
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Consider the case of Dr. John Floss.

A dedicated denrise, Dr. Floss works long hours, often so fo-
cused on his patients that he neglects to eat or drink, His own
teeth and gums are, of course, exemplary, Nevertheless, Dr.
Floss is unaware of a problem emanating from his mouth. His
patients know, as does his hygienist. But they are roo embar-
rassed to inform Dr. Floss: he has exceedingly bad breach,

In this bad-hreath scenario, as in many, the foul odor s the
result of the metabolic activity of oral bacteria that are happi-
ly feeding on a small pool of postnasal drip that regularly col-
lects on the back of the dentist’s tongue. The bacteria leave be-
hind a collection of rank compounds, Gargling with an effec-
tive mouthwash and cleaning the tongue would most likely
alleviare the problem. Even chewing a few hites of food would
help. For now, though, the dentist’s patients are protected only

by his surgical mask.
Obwvionsly, peaple have always been aware of the phenoms-
enon of bad breath, or halieosis (from the Latn balites, breath,
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and the Greek —osis, meaning abnormal condition). But hali-
tosis 18 now emerging as a fascinating scientific subject, involv-
ing an intimate human condition of widespread concern and
rraversing a wide range of scientific felds, including bacreriol-
ogy, chemistry, physiology and psychology.

Millions have bad breath and, like Dy, Floss, probably don’t
know it, which makes i difficult to generare accurare scatistics
abour the frequency of halieosis. Cne recent study, a survey of
Brazilian college students by Paulo Nadanovsky of the Institute
of Social Medicine ar the Universicy of the Srare of Rio de
Janeiro, revealed thar 31 percent of the students had at least one
family member with habitual bad breath, with secious impli-
cations: 24 percent reported thae they had trouble enjoying the
company of the family member with halitosis, and 62 percent
said that they were affected in some way by their relative’s
brearh problem.

My own interest in this area began almose 20 years ago,
when my proup embarked on the development of a two-phase
maourhwash designed to trap oral bacreria and debris on the sur-
face of small oil droplets. Ar that time, only a handful of aca-
demic researchers, led by the late Joseph Tonzetich of the Uni-
versity of British Columbia, were investigating halitosis, Now
hundreds of scientists in universities and industry study the
problem. Last July the fledgling International Society for Brearh
Odor Research (ISBOR) drew about 350 arendees to irs ffth
international meering in Takyo,

The growth in the science reflects a general public concern
{or in some cases obsession) with sweet-smelling breath. Ac-
cording to a marker research firm’s findings, Americans spent
$1.8 billion on toochpaste in 2000, around 5715 million an
oral-carc gum, almost §740 million on mouthwash and other
dental rinses, and almost $9350 million on roothbrushes and
dental flass. Although many of those products are primarily for
maintenance of oral healeh, people are cermainly buying them
to ensure that cheir breath is pleasant as well. And the 5625 mil-
lion spent an breath fresheners other than gum and mouth-
wash—for example, breath mints—is directly for thar purpose.
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The Source of the Smell

THE BASIC CAUSES of most cases of halitosis are now fairly
well understood. According to rescarch conducted by ISBOR
co-founder Daniel van Steenberghe and his co-workers ar Cath-
olic University—Leuven in Belgium and our group ar Tel Aviv
University in Israel, abour 85 mo 90 percent of cases oniginate in
the mouth, As wirth other odors emanating from the moist mi-
crobial jungles of the body—such as underarms and shod feec—
bad hreath is primarily the result of microbial metabolism.

The mouth is home to hundreds of bacterial species wich var-
ious nutritional preferences. These tiny organisms particularly
enjoy proteins, and the chemical compounds that result from the
digestion of these proteins include some truly fenid substances.
At any given time, oral bacteria, vsually anacrobic, may be pro-
ducing hydrogen sulfide, with its distinctive rotten-ege smell;
methyl mercaptan and skatole, also present in feces; indole, used
in small amounts in perfume bur foul in large quanrities; ca-
daverine, associared with rotting corpses; putrescine, found in
decaving meat; and isovaleric acid, which smells like sweaty feet,
Mo wonder human breath can ar times be so offensive.

The University of Michigan's Walter [. Loesche, a past pres-
ident of [SBOR, recently discovered thar the microbiota on the
tongue differ from those species living in plaque on teeth.
Loesche, who received a grant from the National Insomres of
Health ro study habiosis, has uncoven
bacterial species making their ho

previously undescribed

me in our mouths. He = cur-
rently cataloguing the microbiota in people with and warthout

Oral bacteria may be producing hydrogen sulfide,
with its ROTTEN-EGG smell, as well as the aptly
named CADAVERINE and PUTRESCINE.

halitosis, work thart should be completed this summer.

In otherwise healthy people, the very back of the toague,
rather than teeth or gums, is the main source of bad breath. This
region is poorly cleansed by saliva and contains numerous nny
invaginations in which bacteria can hide. These bacreria have
a held day putrefying postnasal drip—common in perhaps one
quarter of the urbanites srudied—and other oral debris that can
collect there.

Additional oral sources of bad breath include poor oral hy-
giene (especially if it leaves proteinaceous particles between
teeth), gum inflammation, faulty dental work, unclean denrures,
and abscesses. Because a steady flow of saliva washes away bac-
teria and their smelly chemical products, anything that promotes
dryness—mouth breathing, fasting, prolonged ralking, stress and
hundreds of medicatons—can exacerbare the situation. Tobac-
co smoking is a notable enemy of fresh breath. Althoogh smoke
may reduce bacterial acrivity, this potentially positive effect is
drowned ourt by negatives: smoke dries out the mourh, wors-
ens gum conditions and postnasal drip, and lcaves a residue
whose aroma mixes with the preexasting oral bouguer.

www.sclam.com

Some bad breath seems ro be associated with actual peri-
odontal disease, the destruction of the gums, and is thercfore
useful as a cdlue o physicians and dentists. Hydrogen sulfide and
methyl mercaptan are roxic as well as malodorous; they can
damage cells and thus may be a factor in gum disease. In addi
tion, some bacterial species implicated in gom disease work up
quire a stink when grown anacrobically on amino acids in the
laboratory, according 1o research by Israel Kleinberg of the
State University of New York at Stony Brook. The presence of
several of these key bacteria—such as Treponema denticola,

MEL ROSENBERG grew up in Canada and moved to |srael in 1969.
He is professor of microbiology at the Maurice and Gabriela Gold-
schieger S5chool of Dental Medicine at Tel Aviv University. He has
received several awards for his research as well as honorary aca-
defnic appointments in the LS., the UK. and Canada. In 1996, to-
gether with Karl Laden and university support, he founded
InnoScent, a company that develops products for fighting body
odors. He has published a children’s book on bacteria and enjoys
expelling air through his saxophone,

THE AUTHOR

SCIENTIFIC AMERICAN P75




-Intuﬁﬁhﬁ?hﬁﬁﬂﬁ?ﬁfﬁbﬁsﬁ'slu -

nd live in a state of self-"
enforced solitude. _ L
Halitophobics | have interviewed
include lawyers, teachers, judges,

SE - i - o . }



T

24 NVIRHIWY J1dILNTIIS

[ERPAL P B(ES B
LU 10303 BURM 1] BUT 18
sa|dwes ay| wayl jo pieay
13AEU AAEY SISIUAR PUE
suejmsfiyd fiuew ‘swagod
|eaipaw fue asnea Rjjensn
1ou op fiay) asnesag [ wayy
pey asey Jo asey uopendod
WNPE PUE IUADSI|OPE 341
Jousnad g ol g sdeysad)
wo g n fijasrega aie fay ]
"IEal pe asned shese
1,UDP 300 SIAISWALT N0
I8 S SYLIO||ISUD] "SUGEp puE
eyajaeq palyajes fijeiyed-
40 15|SUD3 pUE SISW0Y Y} Jo
s3d Ao ay w) moiB SYLo|IEu0L .
PAIEY SINOLS TIVIS

WOD R | D5 M

-qng "JL'LIUJPL'I.{.\: JOPO-UEL PA[[EI-0% 51 20UEISUI QOB 100 ﬂ'll!'I.R."r]:flj
-U1 3UQ) “PalaIunoaus Ajjeiauad sisoney sya jo Juaarad 1 ueg
559 FENTD INIST0) SUOLIPUOD PUE SISEISIP Y10 JO SpaIpung
"SASTD SISCI[EY JO Juaoaad € 1004 ASNED Aetn S[15U01 prajng
'JUPU EII;‘L!SLJEHCI ||E,".I-El.|"|ﬂ ue Sdﬂ|€h‘|.€l|:l .";]LIEI'FPPI:IS PIIYy> & uaym 103
Yoayo o) Funpawos st a3essed jeseu e ur dpoq uifiaao) e fsaaEs
-] 120 & JELE ABLL .‘LFIHL].]. 1B I!EI'E'L!JS!]'.I [ESELL N0 B ﬁl]!ﬁl'l‘.lﬁ
-uad saawos Fsou syl dn s1aalgo Buiyous 10f snoumiou e
uaIp| I fpaapu] “priya Sunod e se juasou asy dn janas puased
-de PEY A4S 1811 PEA Pappaduly LR I2AQISID O 51 P:-'I] LIEELLICKSY
P|D-.IBD;‘;—HZ T L JOP0 Y1Ead FUELDIDTITYIUn ue fasen Ppaauc uj
“AAD) SN H20| 0] 20 3Padiin 18U SUDIIPUGD A0 SIISOUIS Wod)
s Arur JOPO [ESELN] TISTILOR 10 'L'IE!:IIISJ":L'[El 1 0 O] J'!.lRﬁl[ﬁB
“1p © ag ueD wede 3000 Yomgm CAenb juaaayyp Aoa e sey pue
FLIEONL BL[L IO TR0 L §0 100 A1 BULSIWGS JOPO SLI “SE5ED Jo

AIS5aa)e7 APAY 121 T3NWYE T "la“

- - TA |5 [HOXd V 2AEY '\_'F[{TI?CJJ A|LIU

oYM S|Bnpmpul Aq 1ySnoq aq Aew s1onpoad
BUILRYSIY-YIealq Jo QY V110U A0 SNOIT11d

Fpduns v o1 pasoddo su) mo|) snOnuUoD pue SB0na paso|a e s
sndeydosa M) ] uounuooun synb for) wn s sadessed (esvu ao
AN 31 apsino SUnenisn e peg [ g/ a8ed o xoeg a5
ssata iadsa ue st pasedioaed [ yogm o 2ses LN 020 v
01 [ELIUDD SEM U008 B Uans Buing s goeios sy o Luanboy
LT L] ] LANOED SE1 L] WEE IAIES A0S SL1 O8] S3000
LARadn Pid IEYl—] 2020 1141 J3150) O] ]J;‘Jdm-?lllﬂ SAEY ﬁl]_[S!l
-1APE RO SIEEIIENG aos pur—oaant| i ajdoad fuepy)
“a[maaon Fur)Eis- LSy
BN A ISR MO SE30) A RULIOT UL SWAZUS UE Jo
ADUADIGIMSUT WE WOL] §1[NS30 *BLNUIE[ QI 10 Dwiapuds
Jopo-ysy 10e) u) Adersypogadsd o) sjuaned asag aaya uasa
Arnr oo S1gL o saeseun uensdyd yoopjaus ag fuiduaa
Aoy aaey Avw 10 yanogie SAnenb Lysy e oacy sown
~HLUIOS TEDME PUE TAT|ES JI3UT YD 35035 UOLIIL0D S1]1 1310 S35

aumsaund
i auuahepeg :
CI NN
: i umdem auw |ﬁmaw

ap _Hns uaEcupﬁH

st () o1 ¢ ety up salessed |eseu pue asou syl st now
AT YT YIBMG PR JO ADUNOE NOWWOD 150W JI1L
S!EDUEEEG S150ll|eH al0p

*[oatuen aapun ng juassad suonemdod [ramoed dooy
4 81 DL “BAPE S SISOIRLY] WEL (OII003 01 MO puE 2354
-5 B0 20 SASTISIP [EPIPUED puy SJuedwies ung ued ppepne)
e 4 100 padiv 21 RUsoRg anFHo Eal)g R
Jo aouasard aya g xppayo un aday uonemdod Jp fs1aquun [jems
UL SINTLNY EpapdtTy 31 I5aA 31 dogeey sanfuod ano Aueuipagy
"3[oa aanaioad & Aeyd os[e Inadmon *ELRIaeG 2531 ] SISOT|Ey Ja)
wratean [eausod e 20 pnos andoo s uo siwsred10033mnn
1 J00 TCRETEET 1R 203 g0 3P [auod o) pasdurag aq 1B aup
"Eeara(n aedns (enmn mp Sunuasaad A e peg qoene o)
A 3 AT SISTUTIS "2 UL UT §[aa0] JIENG PR I SH e
—I00 EANES 1 aTRAra A0E0S JRUATUS [0 JUNGWE 21 B 1530
2003 ajdns w Busn “umons AIUanal daey SIa4I0M-03 S]1] PUE 13
~J20G LU JOARY 1R Esdoe A pasaBip ag o1 smxoad poyeu
Fuiaea) sswacadoad]d ag) woay sanpisas sy dyp ues swsiued
-10 Fuipaag-1eins ay [ 2100 uiold 211 01 paxyul) 1t sanpisasae
-Fns s un fsuroad oA Jo waog s un AJJEnoe S Ino sl
1 wapoad SO IRAT S1 0 SN Casaagao s15a580s “1aanmon
AIoleloqe] AU 12T TN A€ JaIeasay] yIeadq peog o jues
-3[3LI1 PAIAPISUOD U3 A][EUDIIPEND JATY sualodd uo Jo peals
-u sreBns v Suipasg sagaad 18yl vUMEY [EI0 SOOUEL D[],
*SISOMRL (1A PAIEID0SST 4][UINSHIELS 20T
51520 YTy 2ansod SApEusidms 1op] -punodwoes paiojos Suwau
e urang Yy pyy sapeifap eyl swdzon ue aonpoad B
asat] [ -ayosao Ag pasiaap (apnuepdyiydeu-aunndie-1-jdoz
03 H03) 1531 WALy Ayl SArsse 00 e Tuisi i jeauap agl
UL ST 1] PAUIULAIAN 36 Ued Tuneod anduoy ayl 10 anbed
um—shgpisin saposapneg pue syemEns souomoddgdio g




ap

ll,';ftln m .
the mast rel |:|1f.‘ [and chea pest] wag to ﬂnd
_out Tf guu hwe'h alitosis.

buep of gas or puteid martcer from che stomach indwates o
health problems, swuch as a fistola bepween the stomach and in-
restine or refus serious eiiowgsh v be beinging up stomach con-
rents. Pven afrer sarkic is caren, it is the mouth that retains o
substantial poer of the sharp odor,

Alingering mvstery 1 owhy prople tend o he exquisiely sen-
sitive 1o the breath qualioy of their fellows and notorionsly had
at smelling theiv owne Cne provions theory, thar we hecame
somehow inured toooure owen bad breath, seems lacking. Re-
search conducted sl g BLL R Bar-ess Greenstem and
others i owr laborarory revealed thac people such as che blithe-
by wrvware D Floss are able roassess samiples of their own oral
nlodors more chyectively when the sowrce is remcved trim
the mwnth—rfer exampleswhen they smell debres sampled from
between their teeth with a ||:L:-t'll|1||;k

I'he answer may e simply that hecanse we expel air from
e months herizoanally and only subsequently breasche i ver-
el T throaah oo neses the clianee ol getting o wepresencarive
whtiff is o Sharever the reason, s diffcnls for someone to
Ene i1 Do shie bas bad breath wichowe bemg cald, Ao g
en the embarrassment mvalved, beng told s anlitels, feoni-
callv, the Billons of didlars that boy heeach-freshening prod-
vt ann e e b spent i brage pact by individuoals wha da
not i fact have a prohlem an nerely fuar thes dos. Al estreme
versivn of this commaon beliel s the phennmenon of halico-
phobia—a canuictinn, uswatl i unsupporied by objecnive analy-
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al the Tseaell Ministrs o! the Envieonwment and lawer wirh
Ao AU allowh of the Unaversite of Toronto, our
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Chatswartl, Calit, was instiallv skeprical chat there would be
G omarker for Halimerers, o he has sinee sold lis device o
chiors, In 1999 Alrredo Sane
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the U.S., is quite effectiveé against halitosis. Unfortunately, it can
also discolor teeth, impair taste and generate oral ulcerations.
These effects, though reversible, preclude the use af chlarhex-
idine for more than a few days at a time,

Crther cures date back thousands of years. Tongue cleaning
is an ancient oral hygiene practice from the Far East chae is still
popular there and that is catching on in the West. One early an-
tidote mentioned in the Babylonian Talmud is gum mastic,
which may be the same ladanum referred to in Genesis. Gum
mastic is the resin of the Pistacia lentiscns shrub, which is sl
cultivated for this purpose on the Mediterranean island of
Chios, although modern synthetic chewing gums have largcely
supplanted mastic. Interestingly, this resin was once used ex-
tensively for ereating wounds and is now known to have porent
antibacterial properties. Chewing the gum, therefore, mighe
both increase saliva flow and kill some bad-breath microbes.

Other natural products chewed around the world for breath
freshening include guava peels {Thailand), anise seeds (Ear
East}, parsley (Italy), clove (Iraq) and cinnaman {Brazil). Some
of the molecules responsible for the flavor in these plants have
antibacterial propertics that give scientific credibilicy to these
folk practices. Many popular monthwashes contain flavor oils,
including menthol, eucalyptol and methyl salicylate (winrer-
green oil).

The American Dental Association currently has guidelines
whereby a product can get ADA approval as being efficacions
against plaque, gingivits or cavitics. The ADA is now reviewing
guidelines that would allow producrs ro receive similar approval
for their breath-freshening powers. Seemingly paradoxically,
some companies that manufacture breath fresheners are against
the ADA effort. A closer look reveals thar the approval would
require the companies to create berter products: most available
breath products work only briefly, on the order of 20 to 120
minutes, and the ADA will most likely demand a significantly
longer effect for official recognition. For example, min is wide-
ly accepted as a primary example of a good ingredient in a
breath treatment. But mint is actually relatively weak and its of-
fect shart-lived compared with other essential wils.

Over the past 15 years I have had the opportunity to smell
the mouths of thousands of individuals in clinics and in research
studies, not to mention the hundreds I have smelled SUITEPI-
tiously in supermarkets, in airplanes and in synagopue during
the fast day of Yom Kippur. Just as Camembert cheese smells
quite different than Edam does, bad breath is not ane odor but
a constellation of them, depending on the microorganisms in-
volved, where they come from and what they have been up to.
Whereas rescarchers continue to argue about the best Ways to
quantify offensive breath, future electronic noses [see “Plenry
1o Sniff At,” by Mia Schmiedeskamp; News and Analysis, Sci-
ENTIFIC AMERICAN, March 2001] may provide not only hali-
tosis levels but also an indication of the types of adors detect-
ed, which would give clues about their arigins.

. The ability to identify the probable origin is of considerable
mportance in halitosis research and in counseling individuals,
and it requires extensive “nose-on”™ experience. There remains

wWww.sciam.com
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much that we do not know, For example, we must match indi-
vidual bacterial species to the odors with which they arc associ-
ated. The details of the contributions of the nasal passages and
the tonsils to bad breath are still incompletely understood. And
few psychologists actively study halitophobics, Although the
recognition and rreatment of halitosis may seem insignificant
in the panthean of medical conditions, it can have a profound
effect on a person’s life and relationships. &=

_MORE TO EXPLORE . ]

Production and Origin of Oral Malodor: A Review of Mechanisms and
Metheds of Analysis. J. Tanzetich in Journal of Periodontology, Yol 48,
Mo, 1, pages 13-20; January 1977,

What to Do about Halitasis, C. Scully, 5. P. Porter and J. Greenman in
British Medical Journal, Yo, 308, pages 217-218; January 22, 1994,

Clinical Assessment of Bad Breath: Current Concepts, M, Rosenbarg
in Journol of the American Dentol Association, Vol. 127, papes 475-482;
April 1996,

Bad Breath: Resvarch Perspectives. Second edition, Edited by
M. Rosenberg, Ramot Publishing, Tel Aviv University, 1997,

Tel Aviv University's Web site on bad breath: www.tav.ac.il/~melros/
Fossible causes of halitosis: www.tau.ac. 1/~ melros/bd a/findex_html

Bacterial species that inhabit the mouth:
www.tau,ac.il/~melros/fag/s, html
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