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Day-Long Reduction of Oral Malodor
by a Two-Phase Oil:Water Mouthrinse
as Compared to Chlorhexidine and
Placebo Rinses

Mel Rosenbers, * llana Gelernier,” Mira Barki.™ and Ronit Bar-Ness*

FEW SCIENTIFIC INVESTIGATIONS HAVE ADDRESSED THE ability of mouthrinses to reduce
oral malodor for periods longer than 3 hours. In the present report, we have empioyed
simple. recently described techniques 10 assess the day-long reduction in oral malodor
of a novel 2-phase oil:water mouthrinse (TPM), as compared to a corresponding placebo
rinse, and to a commercial 0.2% chlornexidine mouthrinse. Sixtv dental students were
~— divided randomly into 3 groups. and instructed to use one of the rinses prior to bedtime
and the following moming. Measurements carried out in the late afternoon. about 8 to
10 hours following rinsing, were compared with paseline measurements carried out in
the late afterncon of the previous day. Volatile sulphide levels were measured using a
portable industrial sulphide monitor. Microbial levels were zstimated using a simple
rinsing technique employing sterilized milk. These quantitative techniques were corrob-
orated by organoieptic (hedonic) ratings of a single odor judge. Both TPM and chlor-
hexidine brought about significant decreases in volatile sulphides (P < 0.05) as compared
to the placebo group. These results were corroborated by the organoleptic data. Similarly,
both chlorhexidine and TPM were highly effective in reducing microbial levels as mea-
sured by the rinsing technique. in comparison o the placebo group. Chlorhexidine ap-
peared to be mcr= =ffective than TPM in ali measurement categories, although only in
the case of micropial activity was there a significant (P < 0.05) difference between the
two groups. The data showing daylong reduction of malodorous sulphides and microbial
Jevels by TPM extend previous in Vitro studies demonstrating its potent microbial de-
sorption properties. and provide the first evidence for its potential clinical efficacy. J
Periodontol 1992:63:39—43.
Key Words: Halitosis/prevention and control: mouthwashes/therapeutic use: chlornexi-
" dinestherapeutic use.

Mouthrisisizig is o common oral hygiene practice dating back
to ancient times.' Although, in recent years, the plaque and
gingivitis-reducing properties of various mouthrinses have
been emphasized.'** one of the major concerns which leads
to freauent use of mouthrinses is halitosis (bad breath).”
Bad breath usually originates within the oral cavity itself,
due to production of gases (primarily volatile suifur com-
pounds. VSC) by sequestered deposits of microorganisms,
generally under anaerobic conditions.*~ Periodontal dis-
cases commonly result in bad breath.*> Other loci of oral
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microbial putrefaction include the tongue dorsum, areas of
food impaction. and improper dental restorations.*

Much of the evidence for the efficacy of mouthrinses in
reducing bad breath is anecdotal’ and there are very few
publications in the scientific literature on this subject. Long-
term malodor reduction has rarely, if ever, been addressed.
For example., in the mouthrinse studies of Pitts et al.,%
Schmidt and Tarber.® and Tonzetich,'® data on mailodor
reduction were given for up to 3 hours following use.

We have recently shown that 2-phase, oil:water formu-
lanons containing low concentrations of cationic surfactants
such as cetyipyridinium chloride efficiently bind!' and
desorb!>13 oral microorganisms. In the present study, we
have compared the long-term effect of one such 2-phase



3 EFFECT OF MOUTHRINSES ON ORAL MALODOR

J Periodontol
January 1992

Pre-Rinsing Bedtime Moming Posi-Rinsing

Measurements Rinsing Rinsing Measurements

{16:00-18:00) | =23:00 { ~08:00) (16:00—18:00\
Day 1 e Day > ———

Figure |. Summary of expermental design.

mouthwash (TPM)* formulation in reducing malodor and
microbial levels with 2 placebo rinse’ and an antisepuc
mouthrinse containing 0.2% chiorhexidine gluconate {Cor-
sodyl) (CHM).? A portable. industrial sulphide monitor™*
was employed 10 measure volatile sulphides: these mea-
surements were corroborated by organoleptic (hedonic)
measurements by a single judge. The effect of the mouth-
rinses on microbial levels was assessed using the
Oratest. '5-1® The results demonstratc that mouthrinsing with
appropriate formulations can resuit in day-long reduction in
bad breath-associated parameters.

MATERIALS AND METHODS

Experimental Design

The experimental design of the present study is summarized
in Figure 1. The sudy ook place on March 15 and 16.
1989 at Tel-Aviv University. Sixty dental swdent volun-
teers were randomiv divided into 3 groups: one group (0
= 22) received TPM:- the second n = 19) placebo rinse.
and the third (n = 19 CHM.* No exclusion criteria were
employed. The Z-phase mouthwas'n_fonnulation consisted
of an agueous pnase containing cetylpyridinium chiloride
(0.05%), food color which also serves as a biological stain
(FD&C biue No. 1),'® and artificial sweetener. overlaid
with a discrete oil phase containing 3 mixgure of olive oil
and essential oils. The placebo rinse contained the same
concentrations of food color and sweetener., but without the
CPC and oil phase. All mouthrinses were provided in stan-
dard brown glass bottles. Volunteers rinsed for two con-
secutive 30-second periods. directly before bedtime on day
1, and again cz7iy the next morning of day 2. Volunteers
were instructed to shake the bottles prior i0 use, and t0
refrain from rinsing with water. eating, or drinking for at
least 30 minutes foilowing rinsing. No other changes re-
garding oral hvgiene were instructed. Pre-rinsing measure-
ments were pecformed in the late afternoon of day 1. Post-
rinsing measuremer:; Were performed in the late afternoon
of day 2: i.e., about 3 to 10 hours following the previous
morning rinse.

Measurements

Quantitative measurements of volatile sulphides were car-
ried out using the Interscan 1170 monitor,” 1 ppm full-
scale, connected t0 a pen recorder. Measurement was car-
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ried out essentially as previously reported,'* except that
disposable straws, rather than Teflon tubing, were em-
ployed. This instrument is based on an enclosed liquid elec-
trochemical cell, through which the gas sample passes at 2
constant flow rate. and is sensitive to both hydrogen sul-
phide and mercaptans (M. Shaw, personal communication
Oct 28. 1991.). Voiunteers were asked to refrain from talk-
ing for 5 minutes prior to measurement. The monitor was
zeroed on ambient air, and measurement performed by in-
serting a disposable 1/4" plastic straw approximately + cm
into the partially opened oral cavity. The volunteer was
asked to breathe through his/her nose during measurement.
Results were recorded as peak ppd suiphide equivalents.

Organoleptic estimations were carried out by a single
judge. following monitor measurements. as previously de-
scribed.’* For organoleptic rating, volunteers were 1n-
structed to exhale briefly through the mouth. at a distance
of approximately 10 cm from the nose of the judge. Or-
ganoleptic results were rated on a scale of 0 10 5 as follows:
0 = no appreciable odor: 1 = barely noticeabie odor: 2
= slignt. but clearly noticeable odor: 3 = moderate odor;
4 = strong odor: and 3 = extremely foul odor. All mea-
surements were conducted in a blind fashion.

Microbial levels were estimated using the Oratest. 3 tech-
nique which measures the rate of oxygen depletion 1n €X-
pectorated milk samples. The technique has been previously
described and shown 10 correlate with microbial counts and
clinical parameters.'*'® Briefly, volunteers rinsed for 30
seconds with 10 ml of sterile milk. Following £Xpectora-:
tion. 3 mi of the sample were added to test uDes containing
0.12 mi of methyiene blue solution (0.1%), and the time
required for a biue-to-white color change over a 6 mm
diameter at the botom of the test e was recorded. The
test was performed directly following the voiatile suiphide
measurements.

Statistical Analvses

One way analysis of variance (ANOVA) was used 10 de-
termine significant effects among the three groups. Pairwise
comparisons between groups Were made using the Scheffe
procedure. at the P = 0.05 significance level. Spearman
correlation coefficients were ¢mploycd to test for correla-
tions among the results of the different measurement
techniques.

RESULTS \ :

Comparisons of the effects of oral rinsing with the placebo
mouthwash. TPM, and CHM, as measured by the sulphide
monitor. the Oratest. and organoleptic assessmeant, are shown
in Tables 1 through 3, respectively. Initially, the CHM
group gave slightly higher sulphide and organoleptic SCores,
as well as shorter Oratest Umes; these baseline differences,
however, were not significant (ANOVA). Similarly, there
were no significant differences among the three groups in
the number of hours which had passed since last eaung O
drinking, prior to the ests. The results of the sulphide mea-
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Tabie 1. Suiphide Mositor Measurements®

TPM

Placebo Rinse CHM
tn = 19 (n =220} (n = 19) P{ANOVA)
Before rinsing 1.691 = 0.372 1.664 = 0.232 1.717 = 3.506 0.8595
Change 0.041 = 0.316 -0.205 = 0.235° -0.308 = 0.2977 0.0009
*Results are presenied as mean log ppb sulphide cquivalents = standard deviation.
*Significantly different from placebo at P < 0.05 (Scheffe procedure).
Table 1. Oratest Measurements®
Placebo Rinse M CHM
n = 19) (n = 22) (n =19 P(ANOVA)
Before rinsing 1.936 = 0.499 1.943 = 0.420 1.708 = 0.251 0.1166
Change -0.218 = 0.367 0.456 = 0.572" 1.009 = 0.489* 0.0001
=Results are expressed as mean log minutes required for color change = standard deviation.
*Significamtly different from placebo at P < 0.05 (Scheffe procedure).
*Significantly diffcrent from both placebo and TPM a1 P < 0.05 (Scheffe procedure).
Tabie 3. Organoieptic Scores*
Placebo Rinse TPM CHM
{n = 19) (n =22 {n = 19 P(ANOVA)
Before rinsing 1.316 = 1.293 1.500 = 1.058 1.737 = 1.240 5356
Change 0.053 = 1.129 -0.500 = 1.335 -1.316 = 1.250° 0.0091

“Scares were recorded on 1 scaie of 0 1© 5 as described in Materials and Methods. Resuits are presented as

mean scores = standard deviation.

*Significantly different from placebo at P < 0.05 (Scheffe procedure).

Table 4. Correlations of Baseline Measurements Among the
Techniques Employed™

QOratest Organoleptic Rating
Sulphide measurement r = —.0977 0.5954
Pp= 0229 P < 0.001
Oratest —0.1164
P = 0.188

~ *Spearman correlations among the baseline data are presented for ail 60
participants. The levels of significance are presented in italics.

rable 5. Carrelations Between Individual Changes (posi-rinse vs.
pre-rinse) .\mong the Techniques Empioyed®

Oratest Organoleptic Rating
Suiphide measurement r = ~035449 0.4238
P < 0.001 P < 0.001
Oratest —0.3541
P = 0.003

“Spearman correiations among the individual changes (post-rinse vs. pre-
rinse} among the threc techniques are presented for all 60 participants.
The levels of significance are presented in italics.

surements and Oratest were transformed into base 10 log-
arithmic values to obtain 2 normal distribution.'“'®
Comparison of the three groups, based on suiphide mea-
surements. is summarized in Table 1. The overall decrease
in sulphide lcvels following rinsing was swatistically signif-
icant in both TPM and CHM groups as compared to ‘he

placebo. group. No significant difference was found in the
reductions in the TPM versus CHM groups.

Table 2 shows the comparison among the thres groups.
based on Oratest scores. Higher Oratest values indicate lower
microbial levels, !> and correspond to lower plaque and gin-
gival scores. ¢ No differences were found among the groups
in the pre-rinsing scores (ANOVA). However, the overall
changes in Oratest scores of both TPM and CHM groups
were significantly increased with respect to the placebo group.
The increase in Oratest scores was significantly greater in
the CHM, as opposed to TPM, group.

Comparison of the organoleptic assessments of the three
groups is presented in Table 3. Large variations in SCOres
were obtained in all groups. Nevertheless, the decrease in
scores in the CHM group was significant with respect t0
the placebo (but not TPM) group. - '

Correlations among the measurement techniques them-
selves are summarized in Tables 4 and 5. Correlations among
the baseline (pre-rinse) measurements are shown in Table
4. Correlations among the individual changes (post-rinsing
vs. pre-rinsing) recorded by the various measurement tech-
niques are provided in Table 5. As expected, sulphide mon-
itor scores and organoleptic ratings provided highly significant
correlations, both in baseline results (Table 4), as well as
in the individual changes recorded by the two techniques
(Table 5). Baseline correlations between Oratest scores and
the other two measurements were not significant (Tabie 4).
However, as shown in Table 5, the changes recorded by
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the Oratest correiated significantly with those obtained using
the sulphide monitor (- = 0.3490, P < 0.001) and organ-
oleptic assessment (r = 0.3302. P = 0.005).

DISCUSSION

In the present manuscript, we have assessed day-long re-
ductions in malodor-associated variables, following rinsing
with two active mouthwashes, as opposed 10 a placebo rinse.
Sixty volunteers. randomly divided into three groups. rinsed
before bedtime and the following morning with one of the
mouthwashes. Measurements carried out some 8 to 10 hours
later (i.z., in the late afternoon) were compared with base-
line measurements carried out at about the same lime on
the previous day. Measurements were carried oul in a biind
fashion using two recently developed techniques. measure-
ment of oral sulphides using a portable monitor.'* and mea-
surement of oral microbial levels, based on the rate of oxygen
consumption in expectorated milk sampies.'>-'® These mea-
surements were corroborated by organoleptic (hedonic) rat-
ings of a single odor judge (RB) who participated in previous
investigations. "’

The two-phase oil:water mouthrinse (TPM) formulation
emploved in the present study is based on previous research
showing that: 1) a high proportion of oral microorganisms
adhere to oil droplets:'” 2) this adhesion can be further
enhanced by appropriate concentrations of cetylpyridinium
chioride:!! and 3) in a comparison of desorption of a model
bacterial film by the formulation. as compared to 10 com-
mercial mouthrinses. TPM formulations proved highly ef-
fective.'> Furthermere, TPM formulations reduced malodor
levels in pilot studies (data not shown). In the present study,
the 2-phase mouthwash was compared with a placebo rinse.
containing the same color and sweetening agent as TPM,
but without the active agents; i.e., cetylpyridinium chloride
and the oil phase. As a positive control, Corsodyl was se-
lected, because of previous reports of malodor reduction by
chlorhexidine-containing sprays” and dentifrices'® and the
excellent substantive antibacterial properties reported for
chlorhexidine formulations.'

The results showed that TPM significantly reduced oral
sulphides, as compared with the placebo rinse. CHM ap-
peared to be somewhat more effective than TPM in reduc-
ing sulphide levels, aithough the two groups were not
significantlv different following the rinsing regimen. The
reduction in sulphides was corroborated by the decrease in
organoleptic scores, which was significant in the case of
CHM. The effect of CHM in reducing organoleptic ratings
appeared to be more pronounced than that of TPM, al-
though the difference between the two groups was not
significant.

Both mouthrinses brought about highly significant, dra-
matic decreases in the level of oral microorganisms, as
determined by the Oratest. Initial studies have shown that
this test is extremely sensitive to reductions in oral micro-
biota following mouthrinsing.™ Indeed. the drastic de-
creases brought about by the chlorhexidine rinse were

significantly different than both TPM and placebo results.
Similar reductions in levels of aerobic oral microbiota up
to 5 hours following rinsing with a 0.12% chlorhexidine
mouthrinse were recently demonstrated by Kayrouz et al."?
However, in an in vitro desorption experiment, Corsodyl
removed only 15% of the microbial film, as opposed to
989% for TPM.'2 These data, taken together, suggest that
the dramatic reductions in malodor observed with the chlor-
hexidine are due primarily to its substantive, long-term an-
tibacterial effect, and relatively high concentration (0.2%),
rather than its microbial desorption ability.

Of additional interest are the correlations berween the
various measurement techniques emploved (Tables 4 and
5). We have recently demonstraied that the results obtained
with the sulphide monitor are highly significantly refated to
the average scores of an organoleptic panel of seven judges.'?
Similar correlations were found here berween sulphide lev-
els and organoleptic ratings, both in baseline measure-
ments, as well as in the changes measured by either technique.
Recently, in a smdy of 41 subjects complaining of bad
breath. amonyg the maiodor and periodontal-reiated tests
emploved. sulphide monitor results were the most repro-
ducibie.>! These data, taken together. support the use of
sulphide monitors in chairside measurement, and ciinical
investigation.

The correlation of Oratest scores to the results of the
other ™wo techniques appears to be more complex. Whereas
baseline correlations provided non-significant correlations
berween Oratest and both organoleptic as well as sulphide
scores (Table 4), the individual changes measured by the
Oratest provided highlv significant correiations to the changes
in both organoleptic and sulphide scores (Table 5). Previous
studies have shown that the Oratest vields highly significant
correlations with oral microbial counts.!® as well as plaque
and gingival index;' plaque index was significantly cor-
related with malodor in a 1988 stdy.> Moreover, in an
initial studv encompassing a population of 40 patients com-
plaining of bad breath, modest but significant correjations
were observed berween Oratest and sulphide monitor levels
(r = —0.454; P < 0.01) as well as with organoleptic
scores (r = 0.459; P < 0.01) (Rosenberg and Barki, un-
published dara). Finally. since both matodor and the Oratest
appear 10 be related to oxygen depletion in the oral cav-
ity,>!5 a correlation berween the two parameters might be
anticipated. One possibility for the poor baseline correlation
found here may be the population studied; i.e.. a relatively
homogeneous. non-symptomatic group of dental students.
Indeed, one of the problems associated with clinical mal-
odor studies is subject populations.* The above rotwith-
standing, the changes measured by the Oratest appear © be
highly correlated with changes measured by the other two
techniques (Table 5). Thus, while the extent 10 which the
Oratest measures a function which is physiologically related
to sulphide or organoleptic scores is unclear from the data
presented here. the changes in scores of all three tech-
niques. appear to be refated (Table S\
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In summarv. the data suggest that both the mouthrinses
tested brought about day-long, statistically significant re-
ductions in voiatile sulphide and microbial levels. as com-
pared to the placebo rinse control. Both mouthrinses brought
about corresponding decreases in organoleptic scores, but
only in the case of CHM was the decrease sigmificant.
Whereas onlv in the Oratest category were the resulis of
CHM significantly different from those of TPM, the chlor-
hexidine rinse appeared more effective in all techniques
tested. To our knowledge. the data presented are the first
dem¢ -strating dayv-long reduction of malodor by mouth-
rinses. Chlorhexidine rinses have several undesirabie side
effects (discoloration, changes in taste perception, occa-
sional irritation. and desquamation) and are usually not ad-
vised for continuous, long-term usage.'! However. a short-
term chlorhexidine rinsing regimen may be of potential di-
agnostic benefit in helping to determine whether the pre-
seni:~g maiodor is of an oral etiology.™'

Tv-o-phase oil:water combinations such as that studied
here nave several possible advantages over single-phase
mouthwashes: 1) their relative effectiveness in binding and
desorbing oral microorganisms;'!-'* 2} since the bacteria
and oral debris are stained blue by the food color. they can
be macroscopically and microscopically observed to adhere
to the oil droplets following rinsing, affording direct ob-
servation and self-assessment:*> and 3) the TPM formula-
tions do not contain aicohol, a substance which has potennally
adverse affects: e.g.. dehvdration. addiction. and irritation
of orai and gastrointestinal mucosa. The present study pro-
vides the first clinical data supporting the potential use of
TPM formulations for reduction of malodor and microbial
fevels. Further studies on the clinical effects of 2-phase
oil:water formulations are in progress.
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