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Original Article

of aqueous extract of P. guajava leaves in two different 
concentrations as a toothbrush disinfectant against 
three oral bacterial species.

MATERIALS AND METHODS

Study products
One hundred Colgate® junior toothbrushes with 
standardized dimensions, bristles, and color were 
obtained. They were taken from their original 
packages and were autoclaved before its use. The 

INTRODUCTION

Oral diseases can be controlled through proper oral 
hygiene by reducing the microbial load.[1] Although 
toothbrushes are free from microorganisms after the 
manufacturing process, they become contaminated 
on regular usage.[2,3] Although rinsing with tap water 
is the common disinfecting protocol, it resulted in 
continued high levels of contamination.[4] Psidium 
guajava has high level of antibacterial activity[5] and 
preferred to use as a mouth rinse by Kraivaphan 
et al. and Esimone et al.[6,7] However, there is minimal 
information on its use as toothbrush disinfectant. This 
study was aimed to assess the antimicrobial potency 
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brushes were then kept in nutrient broth covering 
the bristles and incubated for 24 h at 37°C to check 
for sterility. Ten toothbrushes with turbid broth 
suggesting contamination were discarded from the 
study.

Test organisms
Streptococcus mutans  (Microbial Type Culture 
Collection [MTCC] 890), Lactobacillus acidophilus (MTCC 
495), and Enterococcus faecalis  (MTCC 439) were 
obtained from  (MTCC) gene bank, Chandigarh, 
India. The revival of bacteria was done using 
nutrient broth kept in an incubator at 37°C for 24 h. 
Standardized suspensions of these strains were made 
at 0.5 McFarland scale and 30 toothbrushes per 
organism were immersed into the suspensions and 
incubated at 37°C for 10 min.

Preparation of extract
The plant specimen (leaves of P. guajava) was collected 
from botanical garden in Anna Nagar, Chennai. The 
leaves were cleaned and shade dried for 1 week at 
room temperature. Then, the leaves were weighed 
and stored in air tight bottles. The dried leaves were 
grounded to powder form and were sieved. Aqueous 
extracts were prepared in the Central Research 
Laboratory, Meenakshi Ammal Dental College and 
Hospital, Chennai, India. The procedure of aqueous 
decoction followed to prepare the extracts was 
based on a previous study by Pai et al.[8] Decoctions 
were prepared by boiling 10 g of the powder in 
100 ml sterile distilled water over a low flame for 
15 min. The flasks were then plugged and allowed 
to cool for 45 min. After cooling, the contents were 
filtered with Whatman’s filter paper. Each extract 
was then diluted with sterile water to obtain two 
different concentrations of 20% and 30% and stored 
in refrigerator until use. 0.2% chlorhexidine gluconate 
was taken as control.

Disinfection and microbial analysis
Ten toothbrushes were used under each test organism 
for each disinfectant [Figure 1]. The toothbrushes were 
immersed into test tubes containing the disinfectant 
solutions covering up to the bristle head and kept in 
incubator for 5  min at 37°C. An aliquot was taken 
using a pipette and streaked using nichrome loop 
over a brain–heart infusion agar plate for culturing 
and placed in an incubator at 37°C for 24 h. The same 
procedure was repeated after 3 h disinfection period. 
After 24 h incubation, the agar plates were subjected 
to colony counting procedure using the stereo 
microscope under reflected light and the number of 

colony forming unit per toothbrush (cfu/toothbrush) 
was recorded by a blinded examiner.

Statistical analysis
Kruskal–Wallis test was done to compare the cfu/
toothbrush using the disinfectants for all the test 
microorganisms. Bonferroni‑corrected Mann–
Whitney test was done for pairwise comparison and 
Wilcoxon signed‑rank test was done to compare 
between time points. A  P  <  0.05 is considered as 
statistically significant.

RESULTS

In Group Ia and Ib, during the first (after 5 min) and 
second (after 3 h) evaluation, the presence of E. faecalis 
was observed in eight (40%) of 20 toothbrushes with 
number of colonies ranging from 10 to 100. In Group 
IIa and IIb, during the first evaluation, the presence of 
L.  acidophilus was observed in all toothbrushes with 
number of colonies ranging from 50,000 to >100,000; 
however, in second evaluation, the number of cfu 
reduced significantly. In Group IIIa and IIIb, during the 
first evaluation, nil growth of S. mutans was observed in 
16 (80%) of 20 toothbrushes and all 20 toothbrushes (100%) 
showed nil growth by the end of second evaluation. In 
Group Ic, IIc, and IIIc where 0.2% chlorhexidine was 
used, nil growth of all microorganisms was observed by 
the end of both first and second evaluation [Figure 2-4].

On comparing the concentration of the disinfectants 
in all the groups, statistically significant values were 
obtained for 5  min  (P  <  0.001) and 3 h  (P  <  0.001) 
disinfection period against L. acidophilus. Group IIb 
showed a significant reduction in microbial load than 
Group IIa. Group Ib and IIIb showed a considerable 
reduction of microbial load than Group Ia and IIIa, 
but they were not statistically significant at both time 
intervals (P > 0.001) [Table 1].

When compared between the disinfection period, there 
was statistically significant reduction of L. acidophilus 

Table 1: Kruskal-Wallis test to compare between 
concentration levels
Variable Concentration 

level
n Mean rank P

L. acidophilus (5 min) 20% 10 22.70 <0.001
30% 10 18.30

Control 10 5.50
L. acidophilus (3 h) 20% 10 23.40 <0.001

30% 10 17.60
Control 10 5.50

L. acidophilus: Lactobacillus acidophilus
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from 5 min to 3 h for both Group IIa (P = 0.027) and 
Group IIb (P = 0.011) while other groups did not show 
statistically significant values [Table 2].

On pairwise comparison, both Group IIa and Group IIb 
gave a statistically significant reduction of L. acidophilus 
similar to Group IIc (0.2% chlorhexidine) [Table 3].

DISCUSSION

In the present in vitro study, there was nil growth of 
the three test organisms in the group of toothbrushes 
disinfected for 5 min and 3 h in Group Ic, IIc, IIIc which 

were disinfected with 0.2% chlorhexidine gluconate. 
This result shows that the methodology is correct and 
it can be used as a positive control in in vitro tests to 
evaluate the efficacy of different disinfection protocols. 
We accept with Moshrefi that chlorhexidine solution is 
the “gold standard” antimicrobial, compared to other 
agents used for dental biofilm control.[9]

Although various studies evaluated the efficacy of 
antimicrobial activity of guava leaves against common 
oral pathogens,[10,11] the present study evaluated its 
antibacterial efficacy in toothbrushes. The necessity 
for taking aqueous extracts for the study is because it 

Figure 1: Flow chart explaining the distribution of groups
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was aimed to reach the public community for the ease 
in preparation and as a way to recycle the dried‑out 
leaves of guava.

The selection of microorganisms used in the present 
study was based on their involvement in development 
and progression of dental caries. S. mutans is the most 
common microorganism which has its role in the 
initiation of human dental caries[12] and L. acidophilus 
is responsible for progression of carious lesion rather 
than in initiation of the disease.[12,13] E. faecalis is the 
most common species that has been implicated in 
endodontic infections.[14] Unfortunately, many of 
these organisms remain on the toothbrush and can 
reinfect our teeth, that is, every subsequent brushing 
introduces new bacteria into the oral cavity.[1]

P.  guajava  (guava) is proven for its antimicrobial, 
antiparasitic, antitussive, hepatoprotective, 
antioxidant, antigenotoxic, antimutagenic, antiallergic, 
anticancer, and antihyperglycemic effects in medical 
field.[15] In the field of dentistry, its antiplaque, 
antimicrobial, and anti‑inflammatory properties are 
proven by various authors.[16,17]

Our present study shows a strong antibacterial activity 
of aqueous extracts of guava leaves in two different 
concentrations. Mehta et  al.[10] reported that as the 
concentration of the aqueous extract was increased, 
that is, from 5% to 20%, there was an increase in 
the zone of inhibition. This was the reason to keep 
the concentrations of disinfectants prepared in the 
study at 20% and 30%. Our present study showed an 
increase in antibacterial efficacy against L. acidophilus 
at both the disinfection periods when the concentration 
of the disinfectant was at 30% with a statistically 
significant result  (P  <  0.05) and the 20% and 30% 
concentration had a statistically significant reduction 
when compared with the control (P < 0.01 for 20% and 
P < 0.05 for 30%).

The disinfection period was kept at 5 min to evaluate 
the rapid antimicrobial activity of the extract and 3 h to 
evaluate any reduction in the antimicrobial activity as 
the disinfectant is a natural product and applicable for 
molecular deterioration. Our present study showed a 
statistically significant reduction of L. acidophilus from 
5 min to 3 h at both 20% (P < 0.027 and 30% (P < 0.011) 
concentrations.

Figure 2: Difference in colony forming unit/toothbrush for Enterococcus 
faecalis at 20% and 30% concentration against control at 5 min and 3 
h disinfection period

Figure 3: Difference in colony forming unit/toothbrush for Lactobacillus 
acidophilus at 20% and 30% concentration against control at 5 min and 
3 h disinfection period

Table 2: Wilcoxon signed‑ranks test to compare 
between time points
Concentration level Variables P
IIa L. acidophilus (3 h and 5 min) 0.027
IIb L. acidophilus (3 h and 5 min) 0.011
L. acidophilus: Lactobacillus acidophilus

Table 3: Bonferroni adjusted Mann-Whitney test for 
pairwise comparison
Pair P

L. acidophilus (5 min) L. acidophilus (3 h)
IIa versus IIb 0.755 0.370
IIa versus IIc <0.001 <0.001
IIb versus IIc 0.003 0.004
L. acidophilus: Lactobacillus acidophilus
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The antibacterial activity of guava leaves is attributed 
to the presence of terpenes,[11] flavonoids,[5,11] 
and tannins.[18] Barbalho et  al. in 2011 identified 
eight flavonoids from guava fresh leaves out of 
which Guaijaverin has high potential to inhibit 
the growth of the S. mutans[19] and the most highly 
abundant flavonoid present is quercetin.[20] The 
antibacterial action of quercetin is probably due 
to the disruption of membrane and inactivation 
of extracellular proteins by forming irreversible 
complexes and prevents adhesive glucan formation 
disrupting the initial adhesion[15,21] Guaijaverin binds 
to the cell surface proteins thereby decreasing the 
hydrophobicity.[15] These flavonoids also interact with 
microbial membrane proteins, enzymes, and lipids, 
thereby altering cell permeability and permitting the 
loss of protons, ions, and macromolecules.[21] Tannins 
can form hydrogen bonds with the protein contained 
in bacterial cells leading to a conformational change 
in the protein molecule causing denaturation of 
proteins.[18] Terpenoids are membrane‑active in nature 
causing sublethal injury of bacterial cell membranes 
thereby altering their permeability and affect the 
ability to adequately osmoregulate or exclude toxic 
materials.[22]

CONCLUSION

From the results of the current study, it could be 
concluded that:
a.	 Aqueous extracts of guava leaves can be used as a 

natural disinfectant for disinfecting contaminated 
toothbrushes as effective as 0.2% chlorhexidine

b.	 Since the preparation of the aqueous extract is 
very simple, it could be used as an alternative 
organic product for disinfection of toothbrushes 
in households.
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