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Abstract

The objective of the present research was to assess and compare the effectiveness of tongue
scraping, Manuka honey, and a combination of both interventions in reducing oral halitosis.
This pilot case-series study included three adolescents aged 13—16 years with clinically diag-
nosed halitosis. Participants received either tongue scraping, Manuka honey, or combination
therapy. Halitosis severity was assessed using the Rosenberg organoleptic scale and the Win-
kel Tongue-Coating Index. Tongue dorsum samples were collected at baseline, immediately
after treatment, one week and two weeks after treatment. The bacterial load of Solobacte-
rium moorei was determined using quantitative real-time polymerase chain reaction. All
treatment modalities produced immediate reductions in bacterial load, organoleptic scores,
and Winkel Tongue-Coating Index scores. Manuka honey demonstrated the greatest imme-
diate reduction in bacterial load (97.75%). However, the combination treatment showed the
most sustained effect, maintaining a 91.59% reduction in bacterial load after two weeks. Or-
ganoleptic scores were reduced by 80% at two weeks in the combination group, compared
with 60% in the Manuka honey group and 0% in the tongue scraping group. Similarly, the
combination treatment maintained a 66.67% reduction in Winkel Tongue-Coating Index
scores throughout the follow-up period, whereas reductions observed in the Manuka honey
and tongue scraping groups declined over time. All three interventions reduced halitosis im-
mediately after treatment. However, the combination of tongue scraping and Manuka honey
demonstrated the most sustained improvement in bacterial load, organoleptic scores, and
tongue-coating scores over the two-week follow-up period, suggesting that combining me-
chanical and antimicrobial approaches may offer superior control of oral halitosis.

determine the severity of oral malodor and

Introduction

Halitosis is defined as a persistent and unpleas-
ant odor originating from the oral cavity. Itis a
common condition that can negatively affect
an individual's social interactions, self-esteem,
and overall quality of life. The diagnosis of hal-
itosis requires a comprehensive oral examina-
tion to identify local etiological factors and un-
derlying causes. Assessment methods include
both organoleptic evaluation and instrumental
measurements, which are widely used to
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monitor treatment outcomes [1]. The develop-
ment of oral malodor is primarily associated
with the putrefactive activity of oral microor-
ganisms on endogenous and exogenous pro-
teins and peptides. These metabolic processes
result in the production of volatile sulfur com-
pounds (VSCs), which are largely responsible
for the characteristic unpleasant odor associ-
ated with halitosis [2]. Reduced oxygen availa-
bility within dental plaque, saliva, and oral bio-
films further promotes the growth of
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anaerobic bacteria involved in VSC production.
In addition, decreased salivary flow contributes
to increased bacterial accumulation and exac-
erbates oral malodor [3]. Among the microor-
ganisms implicated in halitosis, Solobacterium
moorei (S. moorei) has emerged as a key indi-
cator species. Previous studies have reported
the presence of S. moorei in all subjects with
halitosis, whereas it was absent in healthy con-
trols [4]. The dorsum of the tongue serves as
an ideal ecological niche for this bacterium due
to the low oxygen tension within the deep
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crypts of the tongue surface. Furthermore, the
tongue dorsum provides a rich source of prote-
ases that facilitate the degradation of proteins
and peptides, thereby enhancing VSC produc-
tion [5]. Consequently, elevated levels of S.
moorei have been consistently detected in the
tongue coating and saliva of individuals suffer-
ing from halitosis [4]. Effective management of
halitosis is primarily based on the elimination
of etiological factors and improvement of oral
hygiene [6]. Current treatment approaches in-
clude mechanical and chemical reduction of
oral microorganisms, neutralization of volatile
sulfur compounds, and the use of odor-mask-
ing agents [7]. Mechanical tongue cleaning is
considered one of the most effective methods
for reducing oral malodor, as the tongue dor-
sum represents the principal reservoir of mi-
croorganisms responsible for halitosis. Van der
Sleen et al. demonstrated that tongue scraping
significantly reduces tongue coating, thereby
decreasing the microbial load associated with
malodor production [8].

Recently, increasing attention has been di-
rected toward natural antimicrobial agents as
alternative approaches for halitosis manage-
ment [9]. Manuka honey (MH), derived from
Leptospermum scoparium, possesses potent
antimicrobial properties and has demon-
strated inhibitory activity against a broad spec-
trum of microorganisms [10]. The antibacterial
efficacy of MH is mostly ascribed to its methyl-
glyoxal (MGO) concentration, represented by
the Unique Manuka Factor (UMF), as well as
various polyphenolic compounds. These bioac-
tive constituents disrupt bacterial cell struc-
tures and metabolic pathways, resulting in
dose-dependent antimicrobial effects, particu-
larly against Gram-negative bacteria. Moreo-
ver, honey has been reported to reduce odor
formation by promoting bacterial metabolism
toward lactic acid production rather than the
generation of malodorous gases [11].

The therapeutic potential of MH in odor con-
trol has been demonstrated in several clinical
settings [9]. MH effectively reduced odor and
inflammation in wounds associated with oral
squamous cell carcinoma, while honey was re-
ported to be superior to chlorhexidine in re-
ducing halitosis among post-stroke patients
[9,12-15]. Despite the documented antimicro-
bial effects of MH and the established benefits
of tongue scraping, limited information is avail-
able regarding their combined use in the man-
agement of oral halitosis. Therefore, the pre-
sent study aimed to evaluate and compare the
effectiveness of tongue scraping, topical appli-
cation of MH, and a combination of both inter-
ventions in reducing halitosis.

Materials and Methodos
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The present pilot case-series investigation was
executed to evaluate the effectiveness of three
different treatment modalities for the manage-
ment of oral halitosis: tongue scraping, topical
application of MH, and a combination of
tongue scraping and MH. The effectiveness of
each intervention was assessed through clini-
cal and microbiological parameters measured
at predetermined follow-up periods.

For S. moorie analysis, a bacterial deoxyribonu-
cleic acid (DNA) isolation kit (Presto™ Mini
gDNA Bacteria Kit, Geneaid Biotech Ltd/Tai-
wan) was used, primers for S. moorie (Macro-
gen™ /South Korea), and quantitative real-time
polymerase chain reaction Master Mix
(Luna® Universal/New England Biolabs/USA)
Three adolescents aged 13—-16 years with clini-
cally diagnosed oral halitosis (organoleptic ex-
amination score > 3 and Winkle test score > 3)
and visible tongue coating were enrolled in this
pilot study. Participants were assigned to one
of three treatment modalities: tongue scraping
(S), topical application of MH to the dorsal sur-
face of the tongue (M), or a combination ther-
apy consisting of tongue scraping followed by
topical application of MH (C). Clinical examina-
tions and tongue dorsum samples were taken
for each participant at four time points:
1-Baseline (before treatment): MO, SO, CO
2-Immediately after treatment: M1, S1, C1
3-One week after treatment: M2, S2, C2
4-Two weeks after treatment: M3, S3, C3

The study was conducted in accordance with
the ethical principles of the Declaration of Hel-
sinki and was approved by the Ethics Commit-
tee of Al Hadi University, College of Dentistry,
Iraq (number HD140626, 14-6-2026).

All clinical examinations and microbiological
sample collections were conducted in the
morning under standardized conditions.
Participants were directed to abstain from con-
suming food, beverages, and performing oral
hygiene procedures, including tooth brushing,
prior to each assessment visit.

Halitosis severity was assessed using the or-
ganoleptic examination, which is considered
the clinical gold standard for the evaluation of
oral malodor. Participants were instructed to
inhale deeply through the nose, hold their
breath for a few seconds, and then exhale
slowly through a disposable pipette. The exam-
iner evaluated the exhaled breath by smelling
it from a standardized distance of 20 cm. Odor
intensity was scored according to the Rosen-
berg organoleptic scale, ranging from 0 to 5,
where 0 indicates no odor, 1 signifies a barely
perceptible odor, 2 denotes a minor but dis-
tinctly noticeable odor, 3 represents a moder-
ate odor, 4 corresponds to a strong odor, and
5 reflects an intense offensive odor [16]. As-
sessments were performed at baseline,

immediately after treatment, one week after
treatment, and two weeks after treatment.
Winkel Tongue-Coating Index (WTCI) was uti-
lized to evaluate tongue coating. The tongue
dorsal surface was segmented into six sextants,
comprising three posterior and three anterior
regions. Each sextant was visually examined
and scored according to the extent of tongue
coating as follows: 0 indicates no coating, 1 in-
dicates moderate coating, and 2 indicates
heavy coating. The individual sextant scores
were summed to obtain the total WTCI score,
yielding a possible score ranging from 0 to 12,
where elevated scores signify increased tongue
coating [17,18]. Assessments were performed
at baseline, immediately after treatment, one
week after treatment, and two weeks after
treatment.

Participant assigned to the tongue scraping
group underwent mechanical cleaning of the
dorsal surface of the tongue using a tongue
scraper. The procedure was performed accord-
ing to standard oral hygiene recommenda-
tions, ensuring thorough removal of tongue
coating from the posterior to the anterior re-
gion of the tongue.

Participant assigned to the MH group received
5ml MH (methylglyoxal concentration
514+mg/kg and Unique Manuka Factor 15+)
once a day for one month. The honey was ap-
plied to the dorsal surface of the tongue and
evenly distributed over the tongue coating
area to maximize contact with the microbial
biofilm, keeping the honey for at least 60 sec-
onds before swallowing.

Participant assigned to the combination group
first underwent tongue scraping, followed im-
mediately by topical application of MH to the
cleaned dorsal tongue surface.

Microbiological samples were collected from
the dorsum of the tongue by gentle scraping of
the tongue surface using the curette head of a
stainless steel dental cumine, placed immedi-
ately in Eppendorf tubes containing 0.5 ml Tris
EDTA buffer and stored at (-40°C) [19].
Quantitative real-time polymerase chain reac-
tion (QRT-PCR) was used to quantify the bacte-
rial load of Solobacterium moorei in tongue
dorsum samples collected from each partici-
pant. Genomic DNA was extracted and species-
specific primers for S. moorei were used for
DNA amplification. Fluorescence was moni-
tored in real time throughout the amplification
process, and the cycle threshold value for each
sample was recorded. The bacterial load was
determined by comparing the cycle threshold
values with a standard curve generated from
serial dilutions of known DNA concentrations
[20].

Statistical analysis was conducted utilizing IBM
SPSS Statistics (Version 27; IBM Corp, Armonk,
N, USA). Due to the pilot nature of the study
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and the limited sample size, data were ana-
lyzed descriptively. Bacterial load, organoleptic
examination scores, and WTCI scores were rec-
orded at baseline, immediately after treat-
ment, one week after treatment, and two
weeks after treatment. Treatment effective-
ness was evaluated by calculating the percent-
age reduction from baseline for each outcome
measure. Percentage reductions were calcu-
lated for bacterial load, organoleptic examina-
tion scores, and WITCI test scores at each fol-
low-up interval. The results were presented in
tables and line graphs to illustrate changes
over time and to compare the effects of tongue
scraping, MH application, and combination
therapy. No inferential statistical tests were
performed because the study included only
one participant per treatment modality, pre-
venting meaningful statistical comparison be-
tween groups.

Results

The bacterial load decreased immediately after
treatment in all three treatment modalities.
The greatest immediate reduction was ob-
served in the MH group, where the bacterial
load decreased from 1.067 at baseline to
0.024, corresponding to a 97.75% reduction.
The combination treatment reduced the bacte-
rial load from 2.580 to 0.210 (91.86% reduc-
tion), while tongue scraping alone reduced the
bacterial load from 5.274 to 0.962 (81.76% re-
duction) (Table 1).

At the one-week follow-up, both the MH and
combination groups maintained substantial re-
ductions in bacterial load, with percentage re-
ductions of 97.19% and 93.37%, respectively.
In contrast, the tongue scraping group demon-
strated a lower reduction of 79.6%.

At two weeks, the combination treatment
showed the most sustained antimicrobial ef-
fect, maintaining a 91.59% reduction in bacte-
rial load. The MH group exhibited a reduction
of 59.98%, whereas the tongue scraping group
demonstrated the lowest long-term reduction
(46.36%) (Table 2).

Table 1. Bacterial load measurements over

time.
Treatment Be- Immedi- Week Week
fore ate 1 2
MH 1.067 0.024 0.03 0.427
Combination 2.58 0.21 0.171 0.217
Tongue 5.274 0.962 1.076 2.829
Scraping

Table 2. Percentage reduction in bacterial load.

Treatment Immediate Week 1 Week 2
(%) (%) (%)

MH 97.75 97.19 59.98

Combination 91.86 93.37 91.59

Tongue Scrap- 81.76 79.6 46.36

ing
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All treatment modalities resulted in a complete
reduction of organoleptic scores immediately
after treatment, with scores decreasing from 5
at baseline to 0 (Table 3).

At the one-week follow-up, both the MH and
combination groups maintained low organo-
leptic scores (score = 1), corresponding to an
80% reduction from baseline. In contrast, the
tongue scraping group demonstrated a score
of 4, representing only a 20% reduction.

At two weeks, the combination treatment
maintained the lowest organoleptic score
(score = 1) and an 80% reduction from base-
line. The MH group showed a score of 2 (60%
reduction), while the tongue scraping group re-
turned to its baseline value (score = 5), indicat-
ing complete loss of the treatment effect.

Table 3. Organoleptic examination scores over
time.

Treatment Be- Imme- Week Week
fore diate 1
2
MH 5 0 1 2
Combination 5 0 1 1
Tongue 5 0 4 5
Scraping

A reduction in WITCI scores was observed in all
groups immediately after treatment (Table 4).
The combination group showed the greatest
immediate reduction, decreasing from 9 at
baseline to 3, corresponding to a 66.67% re-
duction. The MH group decreased from 7 to 3
(57.14% reduction), while the tongue scraping
group decreased from 9 to 4 (55.56% reduc-
tion).

At the one-week follow-up, the combination
group maintained a 66.67% reduction,
whereas the MH and tongue scraping groups
showed reductions of 57.14% and 33.33%, re-
spectively.

At two weeks, the combination treatment con-
tinued to maintain the greatest reduction in
tongue-coating scores (66.67%), while reduc-
tions in the MH and tongue scraping groups de-
clined to 28.57% and 11.11%, respectively.
Table 4. Winkel Tongue-Coating Index scores
over time.

Treatment Be- Immedi- Week Week
fore ate 1 2
MH 7 3 3 5
Combination 9 3 3 3
Tongue Scrap- 9 4 6 8
ing
Discussion

The present pilot study evaluated the effective-
ness of tongue scraping, topical application of
MH, and a combination of both interventions
in reducing halitosis. Treatment outcomes
were assessed using bacterial load measure-
ments, organoleptic examination scores, and
WTCI scores at baseline, immediately after

treatment, one week after treatment, and two
weeks after treatment. Overall, all treatment
modalities produced an immediate improve-
ment in halitosis-related parameters; however,
the combination of tongue scraping and MH
demonstrated the most sustained effect
throughout the follow-up period.

The reduction in bacterial load observed in all
treatment groups supports the role of the
tongue dorsum as a major reservoir of micro-
organisms associated with oral malodor. The
deep crypts and papillary structure of the dor-
sal tongue surface provide favorable condi-
tions for bacterial colonization and the produc-
tion of volatile sulfur compounds (VSCs), which
are considered the primary cause of halitosis.
In the present study, MH achieved the greatest
immediate reduction in bacterial load
(97.75%), suggesting a rapid antimicrobial ef-
fect. This finding is consistent with previous
studies demonstrating the broad-spectrum an-
tibacterial activity of MH against both Gram-
positive and Gram-negative microorganisms
[11,14,15,21]. The antimicrobial properties of
MH have been largely attributed to its methyl-
glyoxal (MGO) content and various polyphe-
nolic compounds, which disrupt bacterial cell
structures and metabolic processes.

Although MH produced the highest immediate
reduction in bacterial load, the combination
treatment demonstrated the most sustained
antimicrobial effect, maintaining a 91.59% re-
duction after two weeks. To the authors'
knowledge, no previous studies have specifi-
cally investigated the combined use of tongue
scraping and MH for the management of hali-
tosis. Therefore, direct comparison with the
existing literature is limited.

Nevertheless, the present findings may be ex-
plained by the established mechanisms of the
two interventions. Previous studies have
shown that tongue scraping effectively reduces
tongue coating and oral malodor by mechani-
cally removing microorganisms, debris, and
desquamated epithelial cells from the dorsum
of the tongue, which is recognized as a major
reservoir of halitosis-associated bacteria. Van
der Sleen reported significant reductions in
tongue coating following mechanical tongue
cleaning, highlighting its importance in halito-
sis management [8].

Similarly, several studies have demonstrated
the antimicrobial and odor-reducing properties
of MH. The antibacterial activity of MH has
been attributed to its methylglyoxal content
and polyphenolic compounds, which inhibit
bacterial growth and metabolism [11,22,23].
Furthermore, honey has been reported to re-
duce malodor in various clinical settings, in-
cluding oral wounds and post-stroke halitosis
[12].
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The sustained reduction observed in the com-
bination group in the present study may there-
fore be attributed to the complementary ac-
tions of the two interventions. Mechanical
tongue scraping may reduce the existing mi-
crobial biofilm and tongue coating, while sub-
sequent application of MH may suppress bac-
terial recolonization and inhibit the re-estab-
lishment of malodor-producing microorgan-
isms.

The organoleptic examination results further
support the superiority of the combination
treatment. All three interventions achieved
complete elimination of detectable malodor
immediately after treatment. This finding is
consistent with many other previous studies
which braced the role of MH and tongue scrub-
bing in reducing halitosis [9,24,25].

However, differences became evident during
follow-up. While the combination treatment
maintained an 80% reduction in organoleptic
scores at two weeks, the reduction observed
with MH alone decreased to 60%, and tongue
scraping alone returned to baseline values.
These findings indicate that mechanical tongue
cleaning alone may provide only temporary re-
lief from halitosis unless accompanied by addi-
tional antimicrobial measures.

The results obtained from the WITCI Tongue-
Coating Index also demonstrated a clear ad-
vantage for the combination treatment. The
WTCI score remained reduced by 66.67%
throughout the two-week observation period
in the combination group, whereas the effec-
tiveness of MH alone and tongue scraping
alone gradually diminished. Since tongue coat-
ing serves as a major habitat for halitosis-asso-
ciated bacteria, the sustained reduction in
WTCI scores observed in the combination
group may explain the corresponding improve-
ments in bacterial load and organoleptic
scores.

The findings of the present study align with
previously published reports emphasizing the
importance of tongue hygiene in halitosis man-
agement. Kadu reported that the dorsum of
the tongue serves as an ideal reservoir for an-
aerobic microorganisms due to its papillary
surface architecture, allowing retention of
food debris, desquamated epithelial cells, and
bacterial biofilm, all of which contribute to vol-
atile sulfur compound production and subse-
quent oral malodor. Therefore, interventions
targeting tongue biofilm removal remain clini-
cally relevant in the management of intraoral
halitosis. [26]. Similarly, studies investigating
the therapeutic applications of honey have
demonstrated its effectiveness in reducing
odor in various clinical conditions. Makmuriana
et al. reported that honey was superior to
chlorhexidine in reducing halitosis among post-
stroke patients [12], while Drain and Fleming
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demonstrated the ability of MH to reduce odor
and inflammation in oral wounds [13]. The pre-
sent study extends these observations by sug-
gesting that the combination of tongue scrap-
ing and MH may provide greater and more sus-
tained benefits than either intervention alone.
Several mechanisms may explain the effective-
ness of MH in reducing halitosis. In addition to
its direct antibacterial activity, honey may alter
bacterial metabolism by promoting the pro-
duction of lactic acid rather than malodorous
sulfur-containing compounds. Furthermore,
the inhibitory effects of MH on bacterial
growth may be particularly relevant for micro-
organisms associated with halitosis, including
S. moorei, which has been identified as a key
species in the development of oral malodor. By
reducing the microbial burden on the tongue
dorsum, MH may indirectly decrease VSC pro-
duction and improve breath odor.

It is important to note that the current study
has significant limitations. With only one sub-
ject allocated to each treatment method, the
sample size is quite small, which is the most sig-
nificant drawback. Consequently, the findings
should be regarded as preliminary observa-
tions rather than conclusive evidence of thera-
peutic efficacy.

In addition, the follow-up period was limited to
two weeks, preventing assessment of long-
term treatment outcomes. The absence of a
control group and the inability to perform in-
ferential statistical analyses further limit the
generalizability of the results.

Despite these limitations, the study provides
valuable preliminary evidence regarding the
potential benefits of combining tongue scrap-
ing with MH for the management of halitosis.
Future studies involving larger sample sizes,
randomized controlled designs, and longer fol-
low-up periods are necessary to confirm these
findings and further investigate the mecha-
nisms underlying the observed effects.

Conclusion

All three treatment modalities reduced halito-
sis immediately after treatment; however, the
combination of tongue scraping and MH
demonstrated the most sustained improve-
ment in bacterial load, organoleptic examina-
tion scores, and WITCI scores over the two-
week follow-up period. These findings suggest
that combining mechanical and antimicrobial
approaches may represent a promising strat-
egy for the management of oral halitosis.
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