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Chlorhexidine (CHX) mouthwash has been used efficiently to enhance a better dental-plaque
controlling in patients. Downside of the mouthwash is its bitterness that alienates patients from regular use.
The propose of this study was to improve CHX mouthwash to better taste while retaining the antimicrobial
property by evaluating antimicrobial properties and taste preference in comparison with the original formula.
The antimicrobial and anti-adhesion effects were assessed by using fluorescent assay and plate count technique
on artificial 24-hour-biofilms. The taste preference was evaluated by visual analogue scale in 56 volunteers of
26 males and 30 females. The study was designed as double blind, randomized cross-over experiment on
different groups of mouthwashes with 1 week washout period in between.

A checkerboard micro-titration method was used to determine the minimum inhibitory concentration
(MIC), fractional inhibitory concentration (FIC) and ZFIC index of the paired combinations of chlorhexidine
digluconate and zinc chloride against streptococcus mutans UA159. The ZFIC index was then used to
determine if synergy, additive, indifference or antagonism. The MIC of chlorhexidine was 1-2 pg/ml and the
MIC of ZnCl, was 59-156 pg/ml, giving the ZF]C index at 0.905 and suggesting an additive effects, according
to European Committee for Antimicrobial Susceptibility Testing (EUCAST) of the European Society of
Clinical Microbiology and Infectious Diseases (ESCMID). The researchers then, formulated two mouthwashes
whereby the modified no.1 contained 0.12% CHX and modified no.2 contained 0.08% CHX for further
examination on the antimicrobial and anti-adhesion effects in comparison with the available mouthwash
(original). The SYTO 9/propidium iodide (PI) dual fluorescence staining (LIVE/DEAD® BacLight™) were
used to directly differentiate lived and dead bacteria on oral micro-organism biofilms. Numbers of total aerobic
and facultative bacteria, total streptococci bacteria and mutans streptococci group were examined using
selective agars; Blood agar, Mitis Salivarius Agar (MSA) and Mitis Salivarious Bacitracin agar (MSBA) for
examine specificity for mutans streptococci.

For antimicrobial test, treatment with either of the mouthwashes significantly reduced live/dead ratio
of bacteria in biofilms as compared with control group (deionized water) up to 12 hours after treated. The only
pair that showed the significant different ratio was the modified mouthwash no.2 that was higher than that of

the original formula, at 2 hours after treated (p = 0.001, Kruskal-Wallis test). When performed the test using
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plate count technique, the control group had the highest numbers of all bacterial types amongst all the
mouthwash groups, at 30 seconds, 4, 8 hours after treated. The number of mutans streptococci in biofilms
treated with the original mouthwash were lower than those in the modified mouthwash no.2 groups at 30
seconds, but were not different at the other time-points.

For anti-adhesion test, all of the mouthwashes significantly reduced the live/dead ratio of bacteria in
the treated biofilms as well as decreased and the number of all bacterial types when compared with those of the
control group. However, the ratio of mutans streptococci/ aerobic and facultative bacteria observed in the
control and original groups are lower than those of the two modified mouthwashes (p=0.011, Kruskal-Wallis
test). There was no difference seen in the ratio of mutans streptococci/ streptococci amongst all groups.

To examine the taste preference amongst 3 types of mouthwashes, visual analogue scale was used in
56 volunteers who were 26 males and 30 females. The study was designed as crossover and double blinded with
a 1-week washout period. The analyses showed that bitterness and the preference were not different, but the
duration of taste in mouth after rinsing of the modified no.2 significantly lower than that of the original formula.
(p=0.001, Friedman test) The taste preference, bitterness and the duration of taste in mouth after rinsing
between male and female were not different (p > 0.05, Independent sample t test).

The findings from this study suggested that zinc chloride could be added in the mouthwash in order to
reduce the CHX concentration. In the modified formula, several reagents were used to improve the taste of
mouthwashes. When compared with the original mouthwash, the two modified formulas had similar
effectiveness in anti-microbial and anti-adhesion of the bacteria in the in vitro biofilms. There was no
significant difference in the preference of the modified and original mouthwashes found in the volunteers.

Nonetheless, the clinical efficiency of the mouthwashes should be further examined.
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