El Shahawi
Bulletin of the National Research Centre (2023) 47:2
https://doi.org/10.1186/542269-022-00975-x

RESEARCH  OpenAcess
®

Check for
updates

Bulletin of the National
Research Centre

Incorporation of zinc oxide nanoparticles
and it’s antibacterial effect on toothpaste
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Abstract

Background Dental caries is the most prevalent oral infection affecting the individuals worldwide, and Strepto-
coccus mutans is the major microorganism involved in its pathology. Thus, the aim was to evaluate the antibac-
terial effect of addition of nanozinc particles on toothpaste with different concentrations. The study was carried

out as Deburdent toothpaste was used as a control group, and nanozinc particles were added with different concen-
trations to the same toothpaste, and antibacterial test for each group was evaluated.

Methods Group 1: (control group) toothpaste only. Group 2: 0.5% of nanozinc particles added to toothpaste. Group
3: 1% of nanozinc particles added to toothpaste. The three groups were incubated for 24 h at 37 °C, and the antibacte-

nanozinc particles concentration effect.

rial test was tested for all groups using agar well diffusion method.

Results All the samples had antibacterial effect against streptococcus mutans. Meanwhile, Group 3 has showed
the greatest zone of inhibition compared to the control group showed the lowest effect.

Conclusions One % of nanozinc particles were more efficient on Sterptoccocus mutans in comparison with 0.5%
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Background
One of the main common prevalent diseases over all the
world is dental caries (Anusavice 2002; Yoo et al. 2007)
which result from reaction of certain bacteria with ingre-
dients of the diet within a biofilm designated “dental
plaque” (Bowen 2002). The main etiologic agent of dental
caries is bacterial plaque on dental surfaces and contain
oral flora. And despite the great work in the oral health
community, dental caries still remains common cause of
the present dental diseases (Van Gemert et al. 2008).
Streptococcus mutans is a type of bacteria that is
considered the main cause of dental caries through
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destruction of the outer dental structures as a result of
acids production (Loesche 1986). One of the risk factors
in the induction of dental disorders is colonization of
bacteria on teeth (Loesche 1986). Staphylococcus (Sau-
reus and S. epidermidis) as a major human pathogen,
which is one of the main causes for a number of infec-
tions which exists mainly in the mouth and extremities
which are main sources for proliferation of this pathogen
(Knighton 1986; Lowy 1998; Piochi and Zelante 1974;
Rodis et al. 2006). Streptococcus mutans bacteria which
is severely colonized in some individuals are considered
to be with high caries index. Hence, extermination of
these microorganisms is important for dental treatment
(Rodis et al. 2006). Reaction of bacteria occurs by vari-
ous methods including accumulation (Kolenbrander et al
2000), cell-cell communication and metabolic exchange
(Li et al. 2001a; Roberts et al. 2001). These mechanisms
helps in persistence of bacteria and their colonization,
and also destruction of enamel, dentin or cementum of
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teeth occurs due to bacterial activity which caused by
dental caries (Sutherland 2001; Paster et al. 2001; Li et al.
2001b).

Dental caries is a dependent oral disease in which
fermentable dietary carbohydrates such as sucrose are
the vital environmental factors involved in its induction
and propagation which also aids as a substrate for the
synthesis of polysaccharides in dental plaque (Yoo et al.
2007; Newbrun 1967).

Nanotechnology is an advanced field to diagnose
and cure different diseases (Rezaei et al. 2019) to
enhance curing, diagnosis and treatment of oral and
dental diseases (Das and Nasim 2017; Sharan et al
2017), and a lot of dental materials have been used in
the nanoscale to improve their properties in different
forms such as nanofibers, nanopores, nanorods, nano-
particles, nanorobotic dentifrice, nanosolutions, and
nanoneedles.

Zinc oxide (ZnO), titanium dioxide (TiO,), and silver
are metal NPs which are categorized by their size, com-
position, crystallinity and structure. Their dimensions
are modified into nanoscale which can alter their chem-
ical, mechanical, electrical, structural, morphologi-
cal, and optical properties. These modified structures
allow the nanosized particles with high concentration
to interact with the internal atoms and consequently
enable the transmission of NPs into the inner cellular
structures physically as they have higher surface activ-
ity (Rasmussen et al. 2010).

Studies have shown that zinc oxide can inhibit acid
production by Streptococcus mutans and Lactobacil-
lus in dental plaque (Hirota et al. 2010). Also, it was
reported that it has antibacterial effects on Gram-nega-
tive and Gram-positive bacteria and is commonly used
as an antibacterial agent in dental hygiene products
such as toothpastes and mouthwashes due to increased
surface/volume ratio.

Nanoparticles can act as an efficient antibacte-
rial agent and is widely accepted in biomedicine. The
superior bactericidal activity of NPs with antibacterial
activities is attributed to their electrostatic attraction
between positively charged NPs and has the potential
to reduce or eliminate the evolution of more resist-
ant bacteria. The small size of NPs improves not only
their antimicrobial action with minimal adverse effects,
including hypersensitivity and allergic reactions, but
also their mechanical properties. Many studies inves-
tigated the antibacterial effect of NPs combined with
a wide range of dental materials (Ferrando-Magraner
et al. 2022).

Zinc oxide (ZnO) was chosen on this study as it is
a mineral zincite that is bio-safe, biocompatible with
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proven strong anti-bacterial properties, which can pow-
erfully resist broad range of microorganisms due to their
ability to generate reactive oxygen species (ROS) on the
surface of oxides.

The aim of the study is to evaluate the effect of adding
nanozinc oxide as an antibacterial agent to tooth paste.

Methods

Sample preparation

In the present study, 15 samples were prepared and
divided into three main groups (five samples each)

Group One (control group) Toothpaste alone
(Deburdent).

Group Two Toothpaste (Deburdent) with 0.5%
nanozinc particles (0.1 wt%).

Group Three Toothpaste (Deburdent) with 1%
nanozinc particles (0.2 wt%).

Zinc oxide nanoparticles production and description
ZnO nanoparticles were prepared by refluxing precur-
sor zinc acetate dihydrate (0.1 M) in diethylene glycol
and triethylene glycol at 180 °C and 220 °C, respectively.
Reaction time varied for 2 and 3 h with and without
sodium acetate (0.01 M). Before refluxing, the solution
was kept on a magnetic stirrer at 80 °C for 1.5 h. After
completion of reflux action, the samples were centri-
fuged at 8000 rpm for 15 min and washed with distilled
water and ethanol for three times. Further, it was dried
at 80 °C for overnight.

The nanozinc particles are added with concentrations
0.5 and 1%, respectively, to each sample and mixed well
before the antibacterial testing.

Sample preparation

Zinc oxide nanoparticles were weighed corresponding
to the ratio of 0.5% and 1% by using sensitive balance,
dilution of toothpaste with distilled water by ratio 1:1;
then, every sample consists of 2 g of toothpaste that
was diluted with 2 ml of distilled water.

Bacteria preparation

Antibacterial test

Activation of bacterial strains The strain of Streptococ-
cus mutans ATCC 25,175 (Microbiological Resources
Centre, Cairo MIRCEN, Egypt) was used in this study.
The S. mutans was activated in tryptone soya broth at
37 °C overnight.
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Group 1 (plain toothpaste) is added to bacteria
incubated in blood agar.

Group 2 (0.5% ZnO added to toothpaste) is added
to the bacteria agar.

Group 3 (1% ZnO added to toothpaste) is added to
the bacterial agar.

Antibacterial testing preparation
Antimicrobial activity of toothpaste using agar well diffu-
sion method.

The activity of toothpaste (control group, 0.5% and
1%) was determined by well diffusion test according to
Elgamily et al. (2018) using Mitis salivarius-bacitracin
agar. Mitis salivarius-bacitracin agar was poured into
sterile Petri dishes (20 ml each), and the tested S. mutans
(around 20 pl of 10* CFU) were sprayed by sterile swab
regularly on the surface of agar medium. The wells with
6 mm were prepared in the medium. Each well was filled
with 100 pl of each toothpaste. All plates were incubated
for 24 h at 37 °C; after the incubation period, the anti-
microbial activity was evaluated by measuring the diam-
eters of zones of inhibition (in mm) (Elgamily et al. 2018)
as shown in Fig. 1.

Data analysis

Statistical analysis was done to all groups using the analy-
sis of variance (ANOVA) and the Tukey’s test using the
statistical software SPSS, version 10.0

Fig. 1 Samples introduced into agar plates and kept for incubation
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Fig. 2 Zones of inhibition after 24-h incubation

Results
After 24 h, the three incubation plates were observed as
shown in Fig. 2

Group 1 plain toothpaste shows minimal antibacte-
rial zone (16.7 mm).

Group 2 0.5% ZnO with toothpaste shows moderate
antibacterial zone (21.1 mm).

Group 3 1% ZnO with toothpaste shows the maxi-
mum antibacterial zone (24.7 mm).

Group 1 Group 2

( plein dentifrice) (0.5% Zno)
Fig. 3 Graph bar for the three groups

Group 3
(1% Zno)
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Therefore, group 3 showed the highest antibacterial
effect followed by group 2 and group 1 (control group)
showing the least antibacterial effect with minimal bacte-
rial count (Fig. 3).

Discussion

Streptococcus mutans (S. mutans) has a main role in the
occurrence of dental caries. The main cause of S. mutans
pathogenesis is its capability to produce big amount of
glucans and acid that is greater than the salivary cush-
ioning abilities. S. mutans has a big ability to adhere to
teeth and can persist in an oral condition which is acidic
(Matsumoto-Nakano et al. 2018) so it was the cause of its
choice in this study.

Toothpaste (2 gm) was diluted with 2 ml of distilled
water as the effective antibacterial activity may not be
better to establish to have a minimal inhibition zone
diameter as toothpaste used in vivo is usually diluted by
saliva, the level to which antimicrobial properties are
buffered or lost in dilution in vitro is of interest (Inetian-
bor et al. 2014). In addition, various toothpaste at differ-
ent rates can create different active ingredients and may
diffuse so that, it should be considered that any tooth-
paste brand have an average inhibition zone which may
not be directly with that of other toothpastes.

All the samples with toothpaste showed results
against the tested dental bacterial pathogens with group
3 showed the highest inhibition zone on the average
(24.7 mm) followed by group 2 (21.1 mm), while group
1 showed the minimal activity (16.7 mm). Numerous
previous studies have confirmed the inhibitory effects of
the antibacterial toothpaste (Deburdent) on oral bacteria
(Fine et al. 2006).

Several studies have reported the efficiency of cleaning
with antibacterial toothpaste and mouthwash in remark-
able decrease in mucosal and salivary levels of bacteria.
Accordingly, previous results have revealed that several
types of toothpastes showed various antibacterial actions
levels for both toothpastes having active and inactive com-
positions. This is likely due to alterations in formulations,
the active ingredients concentration and its interaction
with other constituents. However, these results identify the
antibacterial effect of mouthwashes reported through pre-
vious studies (Shaei et al. 2018; Fine et al. 2006).

Deburdent toothpaste showed antimicrobial effect may
be due to the presence of bioactive particles in its com-
position, although the presence of nanozinc particles
added to the same toothpaste showed higher antibacte-
rial effect.

Nanoparticles play an essential role as effective anti-
microbial agent and is well-known in the dental and oral
medicine field. The high antibacterial and also bacteri-
cidal activity is due to its positively charged NPs which
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are attracted to each other electrostatically and have the
capability to decrease the formation of more antibacterial
agents, as their mechanism of action is always in contact
with the bacterial cell wall and at the same time pen-
etrates certain internal structures (Ferrando-Magraner
et al. 2022). This high antimicrobial capacity could be
related to their size and high surface area. However, the
small size of the particles is not the goal, and the use of
different procedures of synthesis to obtain new physico-
chemical properties are also related to variables affect-
ing antibacterial activity so that nanozinc particles added
with concentrations 0.5% and 1% were enough to fulfill
the antibacterial effect on toothpaste used as shown in
the results.

Zinc oxide in the form of nanoparticles shows an effec-
tive antibacterial properties. Due to increased surface/
volume ratio of such nanoparticles, it shows higher anti-
microbial action (Borzabadi-Farahani et al. 2014; Shaei
et al. 2018). Several studies revealed that increasing the
concentration of ZnO nanoparticles up to 1% showed the
best antibacterial effect as zinc oxide aid in acid produc-
tion inhibition caused by Streptococcus mutans. Further-
more, it has been known that some dental products are
used nowadays as antibacterial agents with antibacterial
effect such as dentifrices and mouthwashes. The target
of this study was to evaluate the effect of zinc oxide addi-
tion among all the current metal oxide nanoparticles; zinc
oxide (ZnO) is a mineral zincite that is biologically com-
patible with safety use, and they are capable to create reac-
tive oxygen species (ROS) on the oxide surface, so that it
was the main reason of selecting this type of nanoparticles.

Although zinc has an appropriate antibacterial effect,
toxicological effect and possibly harmful effects on the
human body may be one of the limiting factors of use of
such nanoparticles in high concentration due to the vari-
ous antibacterial concentration efficiency to S. mutans,
so that it was safe up to 1-2% only; so that we tried two
different concentrations only 0.5% and 1%. It may be not
enough to use minimal amount of zinc oxide against
mutans and also a higher concentration could produce
cytotoxicity and genotoxicity. Dental care products con-
taining ZnO particles present a major source of contact
with tooth surface as these products are used by patients
on regular basis daily. Therefore, wide consideration is to
be in mind toward whether zinc oxide in the form of nan-
oparticles in these forms are capable to interact with the
barrier of oral mucosa and causes inflammation and sys-
temic toxicity (Safaei et al. 2020; Sirelkhatim et al. 2015).

Conclusions

Within the limitation of this study, it is shown that the
addition of nanozinc particles to toothpaste demon-
strated marked antibacterial activity against the test
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organism (Streptococcus mutans) with different con-
centrations. 1% of nanozinc particles showed the highest
antibacterial effect on toothpaste.

Recommendation

Modifications with different concentrations of nanoz-
inc particles can be recommended up to 2% for further
investigations on antibacterial effect and different side
effects on different toothpastes.

Abbreviations
ZnO  Zinc oxide
NPs  Nanoparticles
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