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Comparative   evaluation   of   honey,  

chlorhexidine   gluconate   (0.2%)   and  

combination  of  xylitol  and  chlorhexidine  

mouthwash  (0.2%)  on  the  clinical  level  

of  dental  plaque:  A  30  days  randomized  

control  trial

INTRODUCTION

Removal  of   supragingival  plaque  is  the  mainstay  in  the  
maintenance  of   a  healthy  periodontium.  Dental  plaque  
is  associated  with  the  most  prevalent  oral  diseases  like  
dental  caries  and  periodontal  diseases.  The  removal  of   
plaque  is  a  determining  component  in  the  prevention  
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Abstract

Original  Article

Aim:  To  compare  the  effect  of  honey,  chlorhexidine  mouthwash  and  combination  of  xylitol  
chewing  gum  and  chlorhexidine  mouthwash  on  the  dental  plaque  level.  Materials  and  Methods:  
Ninety  healthy  dental  students,  both  male  and  female,  aged  between  21  to  25  years  participated  
in  the  study.  The  subjects  were  randomly  divided  into  three  groups,  i.e.  the  honey  group,  the  
chlorhexidine  gluconate  mouthwash  group  and  the  combination  of  xylitol  chewing  gum  and  
chlorhexidine  (CHX)  mouthwash  group.  The  data  was  collected  at  the  baseline,  15th  day  and  
30th  day;  the  plaque  was  disclosed  using  disclosing  solution  and  their  scores  were  recorded  at  six  
sites per tooth using the Quigley and Hein plaque index modi¿ed by Turesky‑Gilmore‑Glickman. 
Statistical  analysis  was  carried  out  later  to  compare  the  effect  of  all  the  three  groups.  P  ≤ 0.05 
was considered as statistically signi¿cant. Results:  Our  result  showed  that  all  the  three  groups  
were effective in reducing the plaque but post‑hoc LSD (Least Signi¿cant Difference) showed 
that  honey  group  and  chlorhexidine  +  xylitol  group  were  more  effective  than  chlorhexidine  
group alone. The results demonstrated a signi¿cant reduction of plaque indices in honey group 
and  chlorhexidine  +  xylitol  group  over  a  period  of  15  and  30  days  as  compared  to  chlorhexidine.
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and  treatment  of   these  diseases.  The  use  of   mechanical  
agents   is  a  simple  and  cost-effective  method  that  has  
been   demonstrated   to   be   efficient   in   the   control   of   
gingivitis.[1-3]   High   percentage   of    individuals   all   over  
world   do   not   practice   an   acceptable   standard   of   
mechanical  plaque  removal  due  to  lack  of   dexterity  in  
performing oral hygiene methods. Therefore, several 
anti-plaque   agents   are   being   available   in   the  market.  
With the rise in bacterial resistance to antibiotics, 
there   is  much   interest   in   the   development   of    herbal  
antimicrobials.

The   most   effective   anti   plaque   agent   till   date   is  
chlorhexidine. [4,5]   Many   of    the   currently   available  
mouthrinses including chlorhexidine do have drawbacks, 
such  as  alteration  in  taste  sensation  and  staining  of   teeth.  
In   order   to   overcome   such   side   effects   the  WHO  has  
advised  to  investigate  the  possible  use  of   natural  products  
(herb  and  plant  extracts).[6-8]

Xylitol  present  in  chewing  gum  inhibits  bacterial  growth  
through   two  mechanisms:   Direct   inhibition   of    the  
glycolytic   route   resulting   from   the   xylitol   5-phosphate  
derivative   and/or   indirect   inhibition   resulting   from   the  
competition  for  the  HPr-P  (phosphorylated  phosphocarrier  
protein)  carrier  between  glucose  and  xylitol.  Chlorhexidine  
disrupts  the  cell  membrane  of   targeted  bacteria  and  cause  
leakage  of   its  cytoplasmatic  constituents.[9]

Honey is deÀned as a sweet liquid substance produced by 
bees  that  have  been  used  as  a  source  of   nutrients  as  well  
as  medicine  since  ancient  times.[10,11]  Honey  can  be  kept  for  
long periods of  time without spoiling, because of  its high 
osmotic  pressure  and  anti  bacterial  property.  It  has  been  
shown  to  have  broad  antimicrobial  activity  and  thus  inhibit  
the growth of  a wide range of  bacteria, fungi, protozoa, 
and  viruses.  Hydrogen  peroxide  is  generated  on  the  slow  
dilution  of   unprocessed  honey.  Several  chemicals  had  been  
demonstrated  in  honey  with  different  antibacterial  activity.  
According   to   recent   research  blood   lymphocytes   is  also  
stimulated  by  action  of   honey.[12,13]

Hence, the present study was undertaken with an aim to 
compare the effect of  honey, chlorhexidine gluconate 
mouthwash   (0.2%)   and   combination  of    xylitol   chewing  
gum  and  chlorhexidine  gluconate  mouthwash  (0.2%)  on  
the  dental  plaque  levels.

MATERIALS  AND  METHODS

This   single   blind   (Investigator   was   blinded   to   the  
group allocation) randomized control trial; three group 
parallel  study  was  conducted  in  the  Department  of   Public  

Health Dentistry on 90, both male and female, volunteered 
students   of   Teerthanker  Mahaveer  Dental  College   and  
Research  center.  Protocol  was  approved  by  the  Institutional  
Review  Board  (IRB)  of   Teerthanker  Mahaveer  University.  
All  subjects  signed  an  IRB  approved  consent  form.  Pilot  
study was done on Àve patients in each group to check 
the feasibility of  the study; results are not included in the 
present  study.

Inclusion  and  exclusion  criteria

The students with no history of  any dental treatment, 
antibiotic or anti‑inÁammatory drug therapy for the past 
three  months  were  included  in  the  study.  Students  with  any  
of  history systemic diseases/conditions, Àbrotic gingival 
enlargement  and  smoking  were  excluded   from  the   study.  
Participants with good general health, a baseline plaque score 
greater than 1.5 and a baseline DMFT (Decayed, Missing, 
Filled  Tooth)   index  of   3  to  5  were  included  in  the  study.  
Those  volunteers  who  had  used  antibiotics  or  mouthwash  for  
Àve consecutive days or corticosteroids in the past 30 days 
were  excluded  from  the  study.  Those  subjects  who  had  a  
history  of   sensitivity  to  any  mouthwash  or  used  removable  
prostheses  or  an  orthodontic  appliance  were  excluded  from  
the study. Also, those who had undergone professional 
measures to remove plaque and calculus in the past 15 days, 
and  did  not  give  consent  for  clinical  trial  were  excluded.

The data was collected at the baseline, 15th day, and 
30th   day.   The   plaque   was   disclosed   using   disclosing  
solution   (containing   erythrosine   dye)   and   their   scores  
were recorded using the Quigley and Hein plaque index 
modiÀed by Turesky‑Gilmore‑Glickman. Disclosing agent 
was  applied  with  the  help  of   cotton  pellet  on  the  buccal  
and  lingual  aspect  of   the  tooth.  The  colored  area  on  the  
buccal/lingual  surface  of   the  teeth  was  measured  to  note  
the  amount  of   plaque  present  on  the  surface.  Subjects  were  
randomly divided into three groups, i.e. the honey group, 
the  chlorhexidine  group  (0.2%)  and  the  combination  of   
chlorhexidine   (0.2%)   and   xylitol   chewing   gum   group.  
A   total   of    90   volunteers  were   randomly   allocated   into  
the   three   study   groups   through   computer-generated  
random  numbers.  Random  allocation  of   experimental  oral  
hygiene  aid  was  done  using  the  lottery  method.  Individuals  
were identiÀed by code numbers throughout the study. The 
procedure  of   applying  honey  and  rinsing  with  mouthwash  
was  done  daily  under  the  observation  of   instructor.

Group  I  (Honey  group):  The  subjects  were  trained  to  apply  
the honey gently into the gingival sulcus of  all the teeth, 
wait  for  5  min  and  then  repeat  the  procedure  twice.  The  
honey  was  applied  twice  a  day  after  meals.

Group   II   (Chlorhexidine   group):   The   subjects   were  
asked  to  rinse  their  mouth  with  10  ml  solution  of   0.2%  
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chlorhexidine  mouthwash   twice   a   day   for   60   seconds.  
After reaching the exact‑rinsing time, the subjects had to 
expectorate  the  mouth  wash.

Group III (CHX and Xylitol): In this group, the subjects 
were  instructed  to  chew  the  sugarless  xylitol  chewing  gum  
for 5 minutes, thrice a day after meals and the subjects were 
also  asked  to  rinse  their  mouth  with  10  ml  solution  of   0.2%  
chlorhexidine  mouthwash  twice  a  day  for  60  seconds.  After  
reaching the exact‑rinsing time of  60 seconds, the subjects 
had  to  expectorate  the  mouth  wash.

Patients  were  instructed  not  to  rinse  the  mouth  with  water  
or  other  mouthwashes  or  eat  after  the  use  of   experimental  
material  for  half   an  hour.

After 15 days and 30 days, the plaque was disclosed 
using   disclosing   solution   and   the   scores  were   recorded  
using the Quigley and Hein plaque index modified 
by   Turesky-Gilmore-Glickman.[14]   All   measurements  
were  carried  out  using  the  same  disclosing  solution  under  
the  same  circumstances.[15]  The  students  did  not  discontinue  
with  their  routine  oral  hygiene  practices.

RESULTS

All   the   participants   completed   the   study.  Descriptive  
baseline  statistics  are  represented  in  Table  1.  Table  2  depicts  
mean  ±  SD  (Standard  Deviation)  and  percentage  change  in  
plaque scores for the Group I, II and III. ANOVA (Analysis 
of  Variance) was used to analyze the reduction in plaque 
in  the  three  groups.  ANOVA  [Table  3]  was  carried  out  to  

assess  the  intra-  and  inter-group  variations  for  plaque.  There  
was  no  difference  in  the  baseline  value  in  plaque  P  > 0.05. 
There was a signiÀcant decrease in the plaque in all the 
three  groups  at  15  days  and  30  days  (P < 0.05) [Table 3]. 
There  was   progressive   decrease   in   the   plaque   score   at  
5% level of  signiÀcance. Chlorhexidine + xylitol group 
showed  maximum  decrease  as  compared  to  honey  group  
but difference was not statistically signiÀcant [Table 4]. 
There  was   statistical   difference   between   honey   group  
and   chlorhexidine   group.   Honey   resulted   in   better  
antiplaque  agent  than  chlorhexidine.  Multiple  comparisons  
were  obtained  by  post-hoc  LSD  [Table  4].  The  difference  in  
the  decrease  in  plaque  (P  =  0.778  at  15  days  and  P  =  0.684  
at   30   days)   between  Group   I   and  Group   III  was   not  
statistically signiÀcant. However, the difference between 
honey  group  and  the  chlorhexidine  group  and  chlorhexidine  
and chlorhexidine + xylitol group was signiÀcant (P < 0.05). 
Data   shows   that   honey   is   better   antiplaque   agent   than  
chlorhexidine  but  is  statistically  equivalent  to  combination  
of   chlorhexidine  and  xylitol  [Figure  1].

DISCUSSION

Dental plaque is a complex, speciÀc but highly variable 
structural entity resulting from colonization of  
microorganisms   embedded   in   a   gelatinous   extracellular  
matrix on tooth surfaces, restorations and other parts of  
oral  cavity.[16-25]

Chlorhexidine is the leading antiplaque agent till date, 
because of  its many ideal properties, and its efÀcacy 

Table  1:  Baseline  background  of  the  subjects
Group  I  

(honey  group)
Group  II  

(Chlorhexidine  group)
Group  III  

(Chlorhexidine+xylitol  group)
Total  number  of  participants 30 30 30
Age  (mean  age=22.75  years)
(range=18-27  years)

23.89 22.21 24.67

Frequency  of  brushing:  Once  daily 25 24 22
Frequency  of  brushing:  Twice  daily 5 6 8
Other  oral  hygiene  aids  used None None None
Rinsing  habit None None None
DMFT  (mean=4.3) 4.3 4.1 4.5
DMFT:Decayed, Missing, Filled Tooth

Table  2:  Plaque  score  at  baseline,  after  15  days  and  after  30  days
Plaque  Index

Group  1‑  Honey  group Group  2‑  Chlorhexidine  group Group  3  Chlorhexidine  and  xylitol  group

Baseline 15th  
day

30th  
Day

%  reduction  in  
30  days  from  baseline

Baseline 15th  
day

30th  
Day

%  reduction  in  
30  days  from  baseline

Baseline 15th  
day

30th  
Day

%  reduction  in  
30  days  from  baseline

Mean 3.25 2.85   2.10   35.38 2.66   2.40   2.10   34.28 2.17   1.77 1.02 39.52
SD 0.44   0.44   0.46   0.54   0.57   0.57   0.58   0.56   0.56  
SD: Standard deviation
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has   been   proven   by  many   studies.   Chlorhexidine   acts  
by  damaging   the   cell  membrane  of   prokaryotes   and  by  
disrupting  the  cytoplasmatic  constituents.[9]

Some  of   cariogenic  microorganisms  are  naturally  resistant  
to   chlorhexidine.   Cariogenic  microorganisms   do   not  
metabolize xylitol and hence, salivary mutans streptococcus 
counts   drop  with   consistent   use   of    xylitol-sweetened  
gum, probably because xylitol “starves” the cariogenic 
microorganisms.[6] Thus, it was thought the synergistic effect 
of   xylitol  chewing  gum  and  0.2%  chlorhexidine  mouthwash  
is  better  than  0.2%  chlorhexidine  mouthwash  alone.

The antibacterial property of  honey was Àrst recognized in 
1892  by  van  Ketel.  Honey  inhibits  a  wide  range  of   bacterial  
species  in  vitro.  The  antimicrobial  activity  of   honey  is  due  to  
high osmotic pressure, physical properties, enzymatic glucose 
oxidation  reaction.  Honey  has  high  osmotic  properties  so  
it  can  extract  water  from  bacterial  cells  and  cause  them  to  
die.  Among  the  possible  mechanisms  are  the  presence  of   
inhibitory factors such as Áavonoids, hydrogen peroxide, low 

pH, and high osmolarity due to its sugar concentration. All 
types  of   saturated  sugar  syrups  have  a  tendency  to  reduce  
microbial  growth  due   to   its  high  osmolarity  and  honey   is  
also  saturated.  Hydrogen  peroxide  is  the  main  antibacterial  
substance produced by enzymatic reaction from honey.
[10,12,13]  According  to  Ahmadi  et  al.,[11]  honey  shows  greatest  
antibacterial  activity  at  100%  concentration.

In the present study there was a signiÀcant difference 
between   honey   and   chlorhexidine  mouthwash   when  
compared   against   plaque.   Nayak   PA   et   al., (2010)[1]  
analyzed the effect of  Manuka honey and chlorhexidine 
mouthwash. They found no signiÀcant difference between 
both the groups. In the present study there is no signiÀcant 
difference   between   honey   and   chlorhexidine  +   xylitol  
group.  The  results  of   these  two  groups  on  plaque  could  
not   be   compared  with  other   studies   as   no   studies  have  
been  reported  in  the  literature  which  has  tried  to  assess  the  
same effect. We found a statistically signiÀcant difference 
between  chlorhexidine  and  chlorhexidine  +  xylitol  group.  
Decker  et  al.,[8]  investigated  the  effect  of   combining  xylitol  
and  chlorhexidine  on   the  viability  of   Streptococcus sanguis 
or  S.  mutans.  The  xylitol  and  chlorhexidine  combination  
showed a signiÀcant antibacterial effect on streptococci 
when  compared  to  pure  xylitol  or  chlorhexidine  used  alone.  
When  xylitol  chewing  gum  is  chewed  thrice  a  day  directly  
after  meals  then  only  the  maximum  effect  occurs.[6,7]

The  results  of   present  study  suggest  that  honey  has  a  plaque  
inhibitory  effect  which  is  statistically  equal  to  chlorhexidine  
mouthwash  and   is   less  potent   than   the  combination  of   
chlorhexidine  gluconate  and  xylitol.  Within  the  limitations  
of  the study honey has shown a good antiplaque activity, 

Table  4:  Post‑hoc  LSD  test  for  multiple  comparison
Variable (I)  Group (J)  Group Std.  

Error
Sig 95% Con¿dence interval

Lower  bound Lower  bound
Plaque  
baseline

Honey Chlorhexidine
CHX  and  xylitol

.18695

.18695
.0328
.0265

-.015
-.024

22.97
22.91
.015
40.23
.024
-.128

Chlorhexidine Honey

CHX  and  xylitol
.18695
.18695

.0328

.0406
-22.97
.128

CHX  and  
xylitol

Honey

Chlorhexidine
.18695
.18695

.0265

.0406
-22.91
-40.23

Plaque  
(15  days)

Honey Chlorhexidine
CHX  and  xylitol

.18759

.18759
.001
.778

.0456
-289.18

77.65  
145.72
-.0456  
-241.35
289.18  
112.22

Chlorhexidine Honey

CHX  and  xylitol
.18759
.18759

.001

.001
-77.65
-112.22

CHX  and  
xylitol

Honey

Chlorhexidine
.18759
.18759

.778

.001
-145.72
-241.35

Plaque  
(30  days)

Honey Chlorhexidine
CHX  and  xylitol

.18863

.18863
.001
.684

-34.98  
-156.15

66.68  
75.43

Chlorhexidine Honey

CHX  and  xylitol
.18863
.18863

.001

.001
-66.68
-185.34

34.98  
96.04

CHX  and  
xylitol

Honey

Chlorhexidine
.18863  
.18863

.684  

.001
-75.43  
-96.04

156.15  
185.34

(I) and (J) designations according to post‑hoc analysis by SPSS. The mean diơerence is significant at the 0.05 level ,LSD:Least Signifi cant Diơerence

Table  3:  ANOVA  of  the  three  study  groups
Sum  of  
squares

Df Mean  
square

F Sig

Plaque  baseline
Between  groups 17.290 2 8.56 9.838 0.733
Within  groups 32.145 64 0.584

Plaque  (15  days)
Between  groups 22.906 2 11.45 4.118 0.001
Within  groups 62.584 64 0.968
Plaque  (30  days)
Between  groups 42.106 2 21.053 4.129   0.001
Within  groups 92.268 64 1.441

ANOVA:Analysis of Variance
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however  clinical  trials  of   large  duration  with  large  sample  
size and microbial analysis are required for better validation 
of   honey  as  antiplaque  agent.

CONCLUSION

Honey  is  one  of   the  most  potent  anti-bacterial  agents  having  
a  wide  spectrum  of   pharmacological  and  medicinal  activities.  
It  has  a  number  of   pharmacological  activities  due   to   the  
presence  of   various  types  of   bioactive  compounds.  In  this  
study, honey and chlorhexidine + xylitol group has stood 
the  test  by  demonstrating  more  effects  than  chlorhexidine  
on  plaque.  This  is  an  encouraging  result  which  clearly  favors  
promotion of  honey among the rural communities, especially 
belonging   to   low  socioeconomic   strata   as  honey   is   easily  
accessible. As xylitol also acts as an antiplaque agent, the 
combination  of   it  with  chlorhexidine  mouthwash  is  more  
effective  in  reducing  plaque.  Researchers  need  to  have  a  fresh  
look  in  the  area  of   herbal  medicine  as  well  as  in  synergistic  
effect  of   chlorhexidine  with  other  anti-  plaque  agents.
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