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Abstract
Microbial invasion is the most common cause of pulpal necrosis. Therefore, irrigation and obturation
of primary teeth with antimicrobial materials is quite necessary to increase the success of endodontic
treatment. To compare the antimicrobial effect of mixture of zinc oxide eucalyptus oil with zinc oxide
eugenol, and Metapex. An in vitro antimicrobial activity was estimated using agar diffusion method. C.
albicans and Streptococcus spp. were isolated and identified from necrotic pulp of primary root, then
they were spread on Muller Hinton agar. Holes of 6 mm were punched into the agar plates and filled
with the selected materials. The diameter of inhibition zones was measured after overnight incubation
at 37°C. The statistical analysis was done using One Way ANOVA test with Tukey or Dunnett’s T3 as a
post hoc tests at level of significant 0.05. The inhibition zones of zinc oxide eucalyptus mixture and zinc
oxide eugenol against C. albicans and Streptococci were almost near to each other with statistically nonsignificant differences. While Metapex showed lowest inhibition zones with highly significant difference
when compared to zinc oxide eucalyptus mixture and zinc oxide eugenol against both microorganisms.
Zinc oxide eucalyptus mixture showed almost similar antimicrobial effect to zinc oxide eugenol, while
Metapex revealed lowest antimicrobial effect.
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in primary teeth, the current study aimed to
investigate the first step of introduction of this
material as root canal filling material by estimation
of antimicrobial activity of Zinc oxide eucalyptus
paste compared to traditionally used obturation
materials for primary teeth as zinc oxide eugenol
paste and Metapex.

INTRODUCTION
There are about 700 bacterial species
compromising normal oral microflora and some
of these microorganisms have a pathogenic
potential1. Microbial colonization in the pulp
through dental caries have been considered as
major responsible element of pulpal and periapical
disease2. The complex oral microbiota can infect
not only root canal space, but also colonize the
isthmus, accessory canals, ramification of apical
delta, apical foramen and dentinal tubules, which
cannot be simply removed even after chemomechanical preparations3. Therefore, irrigation
with antimicrobial material and obturation with
known antimicrobial property paste is quite
necessary to increase the chance of root canal
treatment success rate4.
Streptococcus spp. are Gram-positive
cocci in chains and pairs, facultative anaerobes,
that have been isolated from all parts of the
oral cavity and constitutes huge percentage of
the resident culturable oral microbiota1. Some
studies reported their presence in high percentage
in endodontic infections of necrotic deciduous
teeth5.
Yeasts and specifically C. albicans have
been constituted less than 1% of the root canal
flora, while their proportion is about 7-18%
in the infected endodontic canals, which is
most frequently detected in persistent apical
periodontitis6.
It has been found that C. albicans and
oral Streptococcus coinfection can intensify the
virulence of caries, endodontic infections and
more serious oropharyngeal infections7.
Zinc oxide eugenol and calcium hydroxide
with iodoform (Metapex) has been widely
used obturation material for deciduous teeth.
Nevertheless, none of these materials consider
ideal8.
Eucalyptus oil contains a valuable
medicinally and pharmacologically influential
chemicals, that is already been used in many
aspects of medicine as an anti-inflammatory,
antimicrobial, antioxidative, antihistaminic,
antiseptic agent etc.9. Considering these facts,
several attempts had been carried out to use
eucalyptus oil in various dental aspects 10. As
there were no previous studies about the use
of eucalyptus oil as root canal filling material
Journal of Pure and Applied Microbiology

MATERIALS AND METHODS
All microbial specimens were obtained
from 21 children aged 3-8 yrs., of both sexes,
and all of the patient’s guardian were given a
consent form before performing of the sampling
procedure.
The patients were presented with necrotic
deciduous teeth with or without periapical lesion,
selected randomly regardless the cause of pulpal
or periapical pathology.
The patients with the following criteria
were included5:
1. Children with no systemic disease.
2. Patient did not take any antibiotics for at least
4. Weeks prior to sampling procedure.
3. Teeth had at least one necrotic root canal.
4. Root with no resorption or at least less than 2/3
of the root resorbed.
5. Crowns weren’t broken for proper isolation.
Isolation procedure
After disinfection of the oral cavity with
2% chlorhexidine digluconate mouth wash for
1 min, isolation of the selected tooth was done
by using rubber dam. Then proper unobstructed
access opening was performed till obtaining clear
vision of root canals entrance. The selected canals
for sampling procedure were anterior teeth, distal
canal of lower primary molar and palatal canal for
upper primary molar, a sterile paper point was
inserted at most apical extent in the canal up to
60 sec, the saturated paper point was immediately
transferred into sterile tube containing 3ml
brain heart infusion broth (BHI-B) and send for
microbiological analysis. The BHI-B tubes were
incubated at 37°C for 24 hrs. and with aid of
sterile swab impregnated in the broth, inoculation
was done by streaking method into (1) Blood
agar media for Streptococcus spp. (2) Sabauraud
dextrose agar, for growing of C. albicans.
All petri plates were incubated aerobically
at 37°C for 24 hours5,11. The identification of
colonies was done based on gram staining, colony
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RESULTS

characters and biochemical reaction.
Filling materials
In this study the oil of E. globulus (plant
therapy® essential oil, USA) was mixed with zinc
oxide and compared with zinc oxide eugenol
paste and Metapex® (Meta Biomed Co. Ltd,
Korea). Vaseline® was used as a negative control.
All powder and liquid ratio were standardized in
consistent with formulae described by Tchaou
et al. and Thosar et al.12,13. A quantity of powder
0.2gm was blended with 0.07cc oil. The materials
were mixed on sterile dry glass slab, using cement
spatula at room temperature. Just before it is
assayed for agar diffusion method.
Agar diffusion method
The standard agar diffusion assay was
used for sensitivity testing. The turbidity of brain
heart infusion broth suspension was adjusted to
0.5 McFarland standard. A sterile cotton swab
dipped into the broth tube was swabbed 3 times
to ensure equal dispersion of the inoculum on
Muller Hinton agar plate. Then four wells (6 mm
in diameter) were drilled into each MH plate in
equal distant from each other by the aid of sterile
cork borer, then filled with the test materials and
incubated at 37°C for 24 hrs. The inhibition zones
diameter was calibrated in millimeter by using
Boley gauge14.
Statistical analysis
Data of antimicrobial activity were
analyzed statistically using Shapiro- Wilk test
to test the normality and One-Way Analysis of
Variance ANOVA with Tukey Honestly Significant
Difference (Tukey HSD) or Dunnett’s T3 as a post
hoc tests at significant level of 0.05 using SPSS
version 21 software. Levene statistic was also used
to test the homogeneity of variance among groups.

All data revealed normally distributed
sample with statistically non-significant differences,
as presented in table (1) and (2).
The results showed that Zinc oxide
eugenol had the highest mean of inhibition zone
against Streptococcus spp. followed by Zinc oxide
eucalyptus, while Metapex showed the lowest
mean of inhibition zone, with highly significant
difference among the tested groups, as presented
in table (3).
Multiple comparisons among obturation
materials against Streptococcus spp. using Tukey
test as post hoc revealed highly significant
Table 1. Normality test of Streptococcus spp.
Groups		Shapiro-Wilk

Zinc oxide
eucalyptus
Zinc oxide
eugenol
Metapex

Statistic

df

Sig.

.850

10

.058

.888

10

.161

.911

10

.286

NS

Table 2. Normality test of C. albicans
Groups		Shapiro-Wilk

Zinc oxide
eucalyptus
Zinc oxide
eugenol
Metapex

Statistic

df

Sig.

.901

10

.227

.882

10

.138

.850

10

.058

NS

Table 3. Mean value of inhibition zones of obturation materials against Streptococcus spp.
in millimeter
Groups
N
Mean
		(mm)
Zinc oxide
eucalyptus
Zinc oxide
eugenol
Metapex

±SD

Minimum

Maximum

10

16.400

2.366

11.000

19.000

10

17.300

3.743

13.000

25.000

10

8.000

4.967

.000

16.000

F

P value

17.826

.000

Levene statistics=1.662, p value=0.209[NS]
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difference among all tested groups, except between
Zinc oxide eucalyptus and Zinc oxide eugenol
which revealed a non-significant difference, as
presented in table (4).
The results showed that Zinc oxide
eucalyptus had the highest mean of inhibition
zone against C. albicans followed by Zinc oxide
eugenol, while Metapex showed the lowest mean
of inhibition zone, with highly significant difference
among the tested groups, as presented in table (5).
Multiple comparisons among obturation
groups against C. albicans using Dunnett T3 test
as post hoc reveal highly significant difference
between Metapex and zinc oxide eucalyptus, and
highly significant difference between Metapex and

Table 4. Multiple Comparisons of antibacterial effect
of various filling materials against Streptococcus spp.
Multiple Comparisons
Dependent Variable:Streptococcus
Tukey HSD
(I) Groups
(J) Groups
		
		
Zinc oxide
eucalyptus
Zinc oxide
eugenol

Mean
Difference
(I-J)

P
value

-.900

.860[NS]

8.400
9.300

.000[HS]
.000[HS]

Zinc oxide
eugenol
Metapex
Metapex

Table 5. Mean value of inhibition zones of obturation materials against C. albicans in millimeter
Groups
N
Mean
±SD
Minimum
Maximum
F
P
		
(mm)					
value
Zinc oxide
eucalyptus
Zinc oxide
eugenol
Metapex

10

31.200

3.490

24.000

35.000

10

30.200

3.259

27.000

37.000

10

7.400

6.899

.000

77.222

0.000

17.000		

Levene statistics=6.699, p value=0.004[HS]

zinc oxide eugenol, while there was non-significant
difference between Zinc oxide eucalyptus and Zinc
oxide eugenol, as presented in table (6).

Table 6. Multiple Comparisons of antibacterial effect of
various filling materials against C. albicans
Multiple Comparisons
Dependent Variable: C. albicans
Dunnett T3

DISCUSSION
E. globulus, also called blue gum, grows
widely in various countries in the world, and
known for its massive medicinal utilization15.
The antimicrobial activity of E. globulus oil
is related the mixture of monoterpenes and
oxygenated monoterpenes mainly 1,8- cineole16.
The eucalyptus oil showed good inhibitory effect
on both tested Microbes and these outcomes are
in agreement with previous studies of Ait-Ouazzou
et al. and Bachheti17,18. However, as there was no
previous study of using eucalyptus oil with ZnO
powder as an obturation material for primary
teeth, the comparison of this mixture with other
obturation materials is not available.
In general, the hydrophobicity of essential
oil permits lipids partition of cell membrane and
mitochondria, rendering them more permeable
Journal of Pure and Applied Microbiology

(I) Groups
(J) Groups
		
		
Zinc oxide
eucalyptus
Zinc oxide
eugenol

zinc oxide
eugenol
Metapex
Metapex

Mean
Difference
(I-J)

Sig.

1.00

.880[NS]

23.800
22.800

.000[HS]
.000[HS]

leading to protein leakage of both the Gram
positive and Gram-negative bacteria19.
In the current study, C. albicans was more
sensitive to eugenol and eucalyptus content of the
tested materials than G+ve bacterial, this can be
interpreted by structural and metabolic variations
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that exist prokaryotic (bacteria) and eukaryotic
cells (yeasts) and the abundance of the active
antimicrobial constituents in each oil20.
Zinc oxide eugenol (ZOE) has been a
material of choice and one of the most commonly
used obturation material for deciduous teeth. The
main drawback of ZOE related to its slow resorption
rate compared to physiological root resorption8.
The mode of antimicrobial activity is mainly
attributed to eugenol that consider the active
component of clove oil13. The statistical results of
Zinc oxide eugenol on both microorganisms agrees
with previous studies of Gomes et al. and Navit et
al.21,22, proving eugenol containing filling material
were more superior in inhibition microorganisms.
Nonetheless, these were not the outcomes of
other researchers Tchaou et al. and Gonחalves et
al.12,11 as their findings showed medium or limit
antimicrobial effect.
Numerous publications had documented
the anti-microbial effect of premixed Ca(OH)2 and
iodoform (Metapex). The basic principle of action
of antimicrobial action related to highly alkalinity
of Ca(OH)2 that is about 12.5-12.8, and its effect
begins with the ionic dissociation into Ca2+ and
OH- ions in an aqueous environment23. Iodoform
reaction arises from liberation of iodine, which is
highly reactive causing proteins precipitation and
essential enzymes oxidation24. However, some
studies found that Ca(OH)2 component of Metapex
interfere with the antiseptic ability of dyadic
combinations of endodontic medicaments22,23.
The weak effect of Metapex against C.
albicans could be because C. albicans can survive
in broad range of pH values so the high alkalinity
of Ca(OH)2 may have low impact on C. albicans,
besides Ca(OH)2 might implement the Ca2+ ions
required for morphogenesis and growth of
Candida spp.24.
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