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Abstract

Most dental supplies don't seem to be much of a barrier against germ infiltration.
Therefore, the filling must be done with perfect caution and high antimicrobial
effectiveness. When dental erosion occurs due to germs that lead to caries, a dental filling
is used, creating a small microscopic space between the dental filling and the root end
infiltration. This allowed the tooth to be penetrated for the second time, which was the
research problem. Adding two compounds to antibacterial fillers (zinc polycarboxylate
cement) made them work better: Firstly, was zinc oxide (ZnO) that was made chemically,
and secondly, was green ZnO nanoparticles that were made from orange peels and mixed
with ZPCC in different amounts. The study was conducted on the formed nanocomposite
using FTIR, UV-vis, FESEM, sitting time, and antibacterial measurements. The
biological activity was tested using Staphylococcus aureus, Escherichia coli, and
Candida albicans.

Keywords: Zinc polycarboxylate cement, Zink oxide nanoparticles, Green chemistry,
Zn0O-ZPCC, Green-ZnO-ZPCC.

1. Introduction

Dental cements available on the market vary significantly in their chemical consistency.
Therefore, there is a significant difference in the mechanical properties in addition to the
difference in the physical properties and a substantial difference in the biological properties due
to their unique physicochemical properties [1-3].

The ZPCCs are produced by heating zinc oxide (ZnO) and hydropolyacrylic acid. Cement is

commonly used for luting permanent restorations due to its strong compatibility with pulp. The
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principal pain usually associated with luting was not developed when casting repairs using ZnO
polycarboxylate cement ZPCC were introduced. These cement components, however, shrink at
a more extensive area than zinc phosphate cement. Since obtaining a reduction in size, this leads
to cross-linking of polyacrylic acid chains with zinc atoms [4,5]

Nanotechnology is one of the most important technologies used recently, as it enters many
fields and works on it may impact the safety of a bulk repair. Oxide metals Ceramics, catalysis,
semiconductors, medicine, space exploration, batteries, capacitors, absorbents, agriculture,
defense, textiles, biological and chemical sensors, optoelectronics, and the food industry are
just some of the areas where nanobodies have found significant application in recent years [6-
12].

Zinc oxide is an inorganic semiconducting substance. Every zinc atom in wurtzite is
tetrahedrally coupled with four oxygen atoms, making the material's structure
thermodynamically stable at ambient temperatures. Zinc oxide has a large band gap of 3.1-3.3
eV4. It has several potential applications in many fields, including biosensors, cosmetics,
medication transporters, and antibacterial agents. Some procedures that can produce ZnO are
the microwave method, spray pyrolysis, homogeneous precipitation, mechanical milling,
organometallic synthesis, thermal evaporation, and mechanochemical synthesis.

On the other hand, these techniques typically use dangerous reducing agents and organic
solvents, the bulk of which are exceedingly reactive and harmful to the environment. Therefore,
green synthesis techniques have been employed to create ZnO nanoparticles (ZnONPs) to
reduce environmental impact. Green synthesis is a technique for creating NPs with biomedical
uses by employing microbes and plants. This approach has various benefits, including
affordability, biocompatibility, safety, and environmental friendliness. Furthermore, numerous
investigations have demonstrated the potent antibacterial activities of ZnONPs produced using
green production techniques [13-16].

Nanoparticles of numerous metals, such as silver, iron, copper, and zinc, have attracted the
attention of scientists in recent years [17]. Examples include laser ablation, the sol-gel method,
co-precipitation, pyrolysis, microwave irradiation, inert gas condensation, and photoacoustic
synthesis. They work on two methods of physical or chemical synthesis, and the most important
characteristics of these methods are that they are very dangerous and take a long time. It is also
costly to complete. As a result, using green synthesis to produce metallic NPs can solve issues
related to conventional techniques. An alternative to traditional methods is the green synthesis
of metal NPs using various plant extracts. The ZnONPs have gained significant interest among
metal oxide NPs due to their very distinctive chemical properties. ZnONPs have many
applications in biotechnology, such as gene transfer, frequently used in nanomedical
technologies, drug delivery, biomarkers, nanomedicine, and biosensing. Several researchers
have documented the environmentally friendly fabrication of ZnO NPs using different plant
extracts, including Calotropis gigantean [18-19], Ocimumbasilicum L.var. Purpurascens [18],
Corymbia citriodora [19], Cassia tora L. [20], Sageretiathea [21], Anisochilus carnosus [22],
Zingiber officinale [23], Azadirachta indica [24], and Hibiscus rosa-sinensis [25]. One of the
most essential advantages of plant extracts used in green chemistry is the absence of compounds
that are expected to be toxic, in addition to the presence of natural stabilizers, reducers, and
coating agents that make plants and plant parts an ideal platform for nanoparticle synthesis.
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2. Materials and Methods

The chemicals and Zn(NOs)..6H20 used in this investigation were from Sigma Aldrich.
Methods for preparing ZnONPs were adapted from those described by Nejati et al. [26].

2.1 Synthesis from renewable sources:-
a. Plant extract preparation

The oranges were cleaned, dried, and peeled wholly to get the extract. The peels are ground
into a fine powder after being dried for 12 hours in a food dehydrator. Then, we added 50
milliliters of deionized water to each glass container containing (1 g) of powder and stirred the
mixture for three hours. Each mixture was steeped for an hour before being cooked to 60
degrees Celsius in a water bath. After the mixes were filtered, the extracts were stored under
argon.

b. ZnO nanoparticle preparation

After heating the extract in a water bath at 60°C for 1 hour, 2 g of Zn(NO3).6H20 was added
to 42.5 mL of the extract while it was still agitated. The mixes were then dried at 150 degrees
Celsius and calcined at 400 degrees Celsius for an hour [28]. A chemical equation showing the
reaction of orange peels to produce G-ZnO-NPs

AN
([
B OH

+ NO3-Zn-NO3

. OH

“ O O N Sy ; R
_— Zn, ; Hydrolysis [ ]

JOCz IO Hydrolysis | [ T
+ZnO+NO+H>O

2.2 Preparation of composites

The compound was created by mixing 4g of polycarboxylic zinc cement with (0.2,0.5,1) g
of chemical ZnO and green G-ZnO while it was at room temperature. The Impact of
Antimicrobials is available in version 2.4. Nanocomposites ZPCC, ZnO-ZPCC, and G-ZnO-
ZPCC were tested on three different microbial strains by TM Media Titan Biotch Ltd for their
antibacterial activity [29, 30].

3. Results and Discussion
3.1 Characterization

Several methods, such as UV-Vis absorption and FTIR Spectra Analysis, were used to examine
powder samples to learn how ZnO NPs affected the physical and chemical properties of ZPCC.
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3.2 Ultraviolet-visible spectroscopy (UV-Vis Spectroscopy).

Green chemistry, or using the phytochemicals for nanomaterial creation, is a recent
development that has allowed scientists to gain control over the size and shape of Nano
materials. Phytochemicals present in a given environment decrease metal ions to Nano metals.
Thus, these chemicals function both as reducing agents and as stabilizing agents. Reaction
progression can be observed in the visible and ultraviolet spectra. The surface plasmon
resonance absorption peak is used to figure out how metal ions are reduced to nanometals. This
is where electron vibrations are captured in the conduction band by electromagnetic waves.
Figure 1a shows a single peak at 256 nm in the orange peel extract. The bioactive substances
and stabilizers, flavonoids and tannins, found in eucalyptusm spherical extract [31] make
hydroxide groups available for nanomaterial production. Phytochemical materials have the
ability to reduce and stabilize metal ions at the nano scale [32], and they can also supply Nano
materials in a wide range of dimensionalities thanks to their antioxidant and chemical-free
nature. Figure 1b displays the UV-Vis spectra of ZPCC, which reveals an absorption maximum
at 244 nm. Figure 1c shows the UV-Vis spectra of the produced ZnONPs, which exhibit an
absorption maximum (3.872 at 338 nm). It's obvious that it's heading in the direction of the
spectral line [33, 34]. In Figure 1d, we see the results of UV-Vis absorption tests performed on
ZnONPs extracted from Atalantia monophylla, with wavelengths ranging from 300 to 1000 nm.
The ZnO has a very strong absorption peak at 372 nm and a broad, selective absorption value.
It has been found that ZnONPs have absorption spectra between 330 nm and 370 nm. This
research corroborates the aforementioned conclusions [35].

Absorption band shifts were readily apparent after adding the ZnNPs. Nanocomposites of ZnO
and zinc phosphoric acid The peak intensity, roughly at 1570 and 1420 cm™, increased as the
amount of nanomaterials increased. The absorption peaks of cement were modified due to
interactions with NPs.
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Figure 1. The UV-vis pattern of A) orange peel extract, B) ZPCC, C) ZnNPs, D) green ZnNPs

3.3 Fourier-transform infrared spectroscopy (FTIR)

Orange Peel Extract, ZPCC, ZnNPs, Green ZnNPs, Zn-ZPCC, and G-Zn-ZPCC FTIR Spectra
Analysis (SHIMADZU) Recorded Materials. As can be seen, the broad band at approximately
3441.01 cm! that appears in the spectra of all samples is caused by the gradual absorption of
water molecules onto the specimens' surfaces. The FTIR analysis spectrum of zinc
polycarboxylate (ZPCC) cement is shown in Figure 2b. It exhibits a peak at approximately
1562.34 cm™!, which is related to the stretching of the carboxyl group's absorption of C=0.

The orange peel extract's FTIR spectrum shows two peaks at 1639.49 cm™ and 1415.75 cm™,
respectively, which are caused by the stretching peaks of the C=C and C=0 groups.
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Peaks at 455.20cm™ were seen in the FTIR spectra of ZnO nanobodies made using a chemical
process Figure 2¢ and ZnO NPs made using a green approach Figure 2d. The stretching
vibration of the Zn-O bonding is related to the peaks in Figure 2d at 443.63cm’!, and the FTIR
spectra of ZnO NPs produced using the green technique also showed a band at roughly 1485.19
cm’!. Our experiments validated the conclusion that it may be caused by vibrations of a leftover
organic chemical in the plant extract in the solution of NPs.

After adding the chemical and green ZnONPs, to zinc polycarboxylate cement (ZPCC), to give
Zn0O-ZPCC & G-ZnO-ZPCC nanocomposites, Figures 2e, 2f, which appear to peak at (429.49)
and (416.62), respectively, as well as the peaks of (ZPCC), which point to the fabrication of
Zn0O-ZPCC and G-ZnO-ZPCC Composites, displayed the FTIR spectra of ZnO-ZPCC and G-
ZnO-ZPCC. The two bands at 1643.63 and 1604.cm™ in the FTIR analysis of orange peel
extracts are thought to be the bands operating for C=C and C=0, respectively. The stretching
of the O-H and N-H groups found in carbohydrates, proteins, and fatty acids is related to the
broad peak concentered at 3400 cm™. The esters groups carbonylic are linked to the signal at
1742 cm™. The bands at 1098 cm™ and 1023 cm™, which are the cellulose and hemicellulose
bands typical of lignocellulose materials, are related to CO stretching. Figure 2b observes the
FTIR spectrum of a (ZPCC), which exhibits the essential peak at 1558.48 cm, showing taxa
with an expansion pattern for the adsorption of the C=0 carboxyl group in the cement salt.
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Figure 2. The FTIR spectra analysis of the following materials: a) orange peel extract; b) ZPCC; c¢) green
ZnNPs; d) ZnNPs; e) Zn-ZPCC; and f) green Zn-ZPCC.

3.4 The FESEM and EDS analysis

Measurements with a scanning electron microscope (FESEM) revealed the samples'
morphological characteristics and surface features. As shown in Figure 3, the Zinc
Polycarboxylate cement structure has a flat, homogeneous morphological structure with distinct
interstitial porosity channels arranged on a large surface area, and the particle size is around (66
nm). Cement is an excellent carrier because of its high pore surface area and large pore size
[37]. Figure 4 shows FESEM images taken after (0.25 g) of ZnONPs prepared via the chemical
method were added to the cement, and a (ZnO-ZPCC) composite was formed. The ZnONPs,
which appear as white spherical particles, fill the porous channels between the surfaces of the
cement, thereby improving its mechanical properties. Besides the fact that microorganisms have
a hard time penetrating ZnO-ZPCC, we can see from the figure that the particles' measured
dimensions are roughly 131.3 nm, which means that the dimensions measured were less for the
composite (ZnO-ZPCC) than they were for cement alone [38]. The FESEM pictures of the (G-
Zn0O-ZPCC) composite after adding 0.25 g of ZnONPs synthesized using green chemistry from
utilized (orange peel) extract are shown in Figure 6. Smaller than expected particle sizes (53.68
nm) and the presence of interstitial porous spaces.

Figure 3. The FESEM analysis For ZPCC
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Figure 5. The FESEM Analysis For (G-ZnO-ZPCC)

When it is set, polycarboxylate cement doesn't generate much heat like other types of dental
cement. The powder-to-liquid ratio, the presence of additives, the particle size, and the
concentration and molecular weight of polyacrylic acid all play a role in the setting time [39,40].
While all other factors were held constant, using ZnNPs as an antibacterial reagent affected the
cement setting times. Cement averaged a setting time of 4.5 minutes throughout its many
varieties. The optimal inclusion of 0.31 g reduced the setting time to roughly 3.3 minutes by
influencing the setting reactions of the produced cement compounds. The setup reaction might
be because of the catalytic activity of the ZnONPs, which starts the reaction between ZnO and
PAA when the cement mixture is being made. According to this criterion, smaller crystals are
more reactive than larger ones since they have a higher surface area. It was also found that
adding silver NPs to the cement increased its density. The designer may now breathe a little
easier regarding finances [40,41].

3.5 Place and timing

The ZPCC's setting time reaction is determined by the molecular weight and concentration of
the polyacrylic acid, the strength of the ZnO, the powder-to-liquid ratio, the presence of
additives, and the particle size. Setting rates of the produced cement were influenced while
maintaining these parameters and introducing ZnONPs as a microbiological reagent. The entire
cement job was finished in 4.3 minutes. Cement composites' setting times are affected by the
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amounts of ZnONPs added, with the optimal amount being 0.32 g, resulting in a setting time
reduction of roughly 3.5 minutes. ZNONPs catalyze to speed up the cement mixture production
reaction between ZnO and PAA, which can be linked to the shorter reaction time observed.
Surface area is another indicator of this criterion, with smaller particles being more reactive
than larger ones because of their greater surface area. ZnONPs were also shown to increase the
volume of the finished cement. This finding provides the designers with an excellent cost-
benefit consideration zone [42].

3.6 Antibacterial effects

Since agar diffusion is the standard method for measuring the efficacy of antimicrobials, it was
employed in this study. The infected culture environment must be maintained at room
temperature for two hours before the breeding phase, which is a significant step in this method
[40]. Not being able to tell the difference between bactericidal and bacteriostatic impacts is one
of the many drawbacks of this approach [41,42]. To a greater extent than the inhibitory impacts
of a drug alone, the infusibility of the objective through surroundings determines the efficacy

and areas of inhibition [43]. There may also be interference from factors such as the length of
incubation, the number of inoculated cells, and the extent to which the inoculated cells come
into contact with the agar [44]. Materials' antimicrobial impacts can be compared under similar
experimental conditions [45, 46] if almost all relevant factors are appropriately managed,
allowing for proportional and reproducible results. Our research focused on a specific group of
bacteria that were either causal agents of genuine endodontic illnesses or were somehow
associated with instances that proved difficult to treat [47].

Even though facultative and aerobic microorganisms are always present in essential contagions
[46], they have been found more often in treatment states that last a long time, in flare-ups, and
in states that don't work. Microorganisms such as E-coil, Staphylococcus aureus, and Candida
albicans can cause severe infections in the root canal [48]. According to the study's findings in
Table 1 and Figure 6, the antibacterial effects of ZPCC were enhanced by adding NPs in
different concentrations when confronting bacterial cells, including Escherichia coli,
Staphylococcus aureus, and Candida albicans. However, S. aureus's resistance to antibiotics
was consistent. Antimicrobial efficacy was significantly increased against Escherichia coli and
Staphylococcus aureus, but against Candida albicans, it was reduced considerably.

The ZPCC's antimicrobial effectiveness appears to be linked with increased pH values. ZPCC
has a pH of around 10, rising to about 12.0 when adding NPs. It is generally accepted that pH
levels above 12 effectively inhibit the growth of virtually all microorganisms. The ZPCC's
antifungal properties may be attributed to its higher pH or the chemicals it secretes. Due to their
small size, NPs may be more effective than ions at inhibiting microbial growth at equivalent
doses. There was also a correlation between particle size and antibacterial efficacy [49].

It was shown that smaller particles had a more excellent bactericidal action than larger ones. In
Figure 6, a comparison of the antimicrobial efficacy of ZPCC and ZnO-ZPCC nanocomposites
in terms of increasing the inhibitors, and in Figure 8, a similar comparison was seen for ZPCC
and G-ZnO-ZPCC composites [50-52].
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2
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Candida

Figure 6. Green ZnONPs-ZPCC composites, zinc polycarboxylate cement (ZPCC), and ZnONPs-ZPCC exhibit
antimicrobial activity as measured by a fold increase in the diameter zone

3.7 Analysis by Statistics

For the statistical evaluation of the gathered data, SPSS version 17 (Chicago, USA) was
employed. Levene and Shapiro-Wilk tests were used to determine homogeneity and normality,
respectively. A mean SD format was used to present the data.

Figure 7 and Table 1 depict the means and standard deviations of the growth inhibition
diameters for each of the microorganisms studied. The independent t-test determines whether
there are statistically significant differences between groups on three scales (0.2, 0.5, and 1g).
Statistical research demonstrated that at 0.2, 0.5, and 1 gm for Candida and 1 gm for Escherichia
coli, there were statistically significant differences between NPs and ZPCC. It also indicated a
standard range of growth inhibition diameters for the ZPCC, ZnO-ZPCC, and G-ZnO-ZPCC
groups against the bacteria examined [51].
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Table 1. displays the mean and standard deviation of the growth inhibition diameters of the previously tested

microorganisms per mm of ZPCC and ZnO-ZPCC composite

Weight of ZnO- ZPCC

B - 0.29 0.5g
acteria E.coli Staph Candiad E.coli Staph Candiad E.coli
ZnO-NPs  15.333 15.333 14.000 15.667  16.000 15.667 21.333
ZPCC 13.000 18.333 30.000 13.000  18.333 30.000 13.000

p-value 0.07999 0.03994* 0.00009** 0.05598 0.07999 0.00014** 0.00113**

19
Staph Candiad

18.300 18.333

18.333 30.000

0.97526  0.00031**

* The difference is considered statistically significant (under 0.05).
** The difference is considered highly statistically significant (under 0.01).

COMPARISON BETWEEN ZNO-NPS AND ZPCC

8 ZnO-NPs mZPCC

21313

]
~ = B
- S -

18333
8333
18313

15333
15.333
5667

=
‘2 =|

0.26 0.56G6 16

8133

-

E.cou STAPH CANDIAD E.conl STAPH CANDIAD E.coul STAPH CANDIAD

Figure 7. Comparison of the mean values of the studied microorganisms per millimetre in the ZPCC and ZnO-

ZPCC composite

Table 2 and Figure 8 show the typical and standard deviations of the sizes at which the
development of the several microorganisms examined was inhibited. The same three measures
(0.2, 0.5, and 1) g are used to assess whether or not there are statistically significant differences
between groups using independent t-tests. Demonstrated the findings of the statistical analysis
of the normal distribution of growth inhibition diameters in the ZPCC and ZnO-ZPCC groups
against the tested microorganisms and showed statistically significant differences between G-
ZnO-NPs and ZPCC at (0.2, 0.5, and 1) g for Escherichia coli, and additionally 1.0 g for

staphylococci.
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Table 2. Growth inhibition diameters of the tested microorganisms per mm of ZPCC and G-ZnO-ZPCC
composite were compared to find the mean and standard deviation.

Weight of G-ZnO-ZPCC

. 0.29 0.5¢9 19
Bacterial
E.coli Staph Candiad E.coli Staph Candiad E.coli Staph Candiad
G-ZnO-
NPs 15.667  16.000 17.333 17.000 13.000 10.000 13.667 15.333 12.667

ZPCC 13.000  18.333 30.000 13.000 18.333 30.000 13.000  18.333 30.000

p-value 0.05598 0.07999 0.00022** 0.01613* 0.00595** 0.00004** 0.54128 0.03994* 0.00007**

* The difference is considered to be statistically significant under 0.05.
** The difference is considered to be highly statistically significant under 0.01.

COMPARISON BETWEEN G-ZNO-NPS AND ZPCC

B G-ZnO-NPs n ZPCC

B S =
™ m ™
m m = m
L] - - m
7 © = o m w
8 o ] = b5 N -
9 2y i B a0 &
" ] 2 |
n | | | n A n 5 |
1 B o ]
1 -
l‘ 4] 2 5] | £ ‘%‘v | =] S o
E.COLI STAPH CANDIAD E.COLI STAPH CANDIAD E.COLI STAPH CANDIAD
0.26 0.5G6 16

Figure 8. Comparison of the values between the medium diameters for growth inhibition vs. (microorganisms)
previously examined per mm of ZPCC & G-ZnO-ZPCC compound.

4. Conclusion

The agar diffusion assays reveal that adding different amounts of ZnONPs to ZPCC using
chemical and environmentally friendly methods results in ZnO-ZPCC and G-ZnO-ZPCC
composites, both of which exhibit enhanced antimicrobial activity against a clinical isolate of
three important microorganisms used in this study: E-coil, S. aureus, and C. albicans. ZnO-
ZPCC and G-ZnO-ZPCC composites have quicker setting times than the original ZPCC and
are produced when ZnONPs are added to the ZPCC mixture. The amount of chemical and green
ZnONPs supplied affects how quickly the cement composites set; the ideal addition is 0.2 g,
which brings the setting time down to about 3.5 minutes. The reduced reaction time observed
can be attributed to ZnONPs acting as catalysts to accelerate the cement mixture manufacturing
reaction between ZnO and ZPCC. Another indicator of this criterion is surface area, with

327



IHJPAS. 37 (1) 2024

smaller particles having more reactivity than bigger ones due to their larger surface areas. It
was also demonstrated that ZnONPs increased the amount of the finished cement. Thanks to
this discovery, the designers now have a helpful area for cost evaluation. It is conceivable to
link ZPCC to it further,
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