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ABSTRACT

The selected six specific bacterial and fungal strains, which caused oral teeth decay were analyzed
by antimicrobial iron oxide (Fe,O3), copper oxide (Cu,s03), and zinc oxide (ZnO) nanoparticles syn-
thesized by aloe barbadensis leaves extract, using agar well diffusion method with 0.9% saline
solution. TMOs comparatively had not been focused on oral cavity infectious pathogens to analyze
antimicrobial activity. In the present study, TMOs were characterized by UV, SEM, FTIR, and XRD.
Oral infectious strains (Escherichia coli, Bacillus subtilis, Bacillus licheniformis, Klebsiella pneumonia)
and fungal strains (Aspergillus niger, Candida albicans) were used as test microorganisms. The
effect of different concentrations of TMO-NPs (2.5 ng/mL, 5 pg/mL, 10 pg/mL) was studied by zone
of inhibition (ZOI), minimum inhibitory concentration (MIC), and minimum bactericidal concentra-
tion (MBC). The zinc oxide nanoparticle with least particle-sized (37.8 nm) exhibited highest anti-
microbial activity. In future, these zinc-oxide nanoparticles may be used in medicine for oral
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infectious diseases treatment.

Introduction

Nanotechnology has attained a great deal of attention in the
scientific circle. Nanomaterials like copper, zinc, and iron
oxides had been used in industry for different purposes, like
paints, cosmetics, and plastics. Transition metal oxides had
strong antibacterial activity.'>) The development of effi-
cient green chemistry methods for transition nano metal
oxides fabrication had been investigated to find an eco-
friendly technique for production of well-characterized
nanoparticles as in Table 1. This study aims at the role of
the biological component, essential phytochemicals (e.g.,
alkaloids, terpenoids, amides, and aldehydes) as reducing
agent and solvent system.*”]

Aloe barbadensis Miller (Aloe Vera) belong to Aloeaceae
family, genus Aloe vera in which Barbadensis Miller,
Aborescens, and Chinensis are familiar.!®”’ Additionally,
Aloe vera plant leaves extract contains a viscous substance
which carries vitamins A, C, antioxidants like beta-carotene,
choline, folic acid, and also contains antioxidants like cal-
cium, copper, magnesium, potassium, and zinc, necessary
for the functioning of an enzyme in many metabolic path-
ways. 51> Aloe vera gel is used in food flavoring, cosmetics,
food supplement and herbal remedies, which is enriched in
cholesterol, campesterol, steroids, sitosterol, and lupeol hav-
ing an anti-inflammatory property, it is also comprised of
salicylic acid an anti-inflammatory agent, carboxymethyl,
and sulphoxy groups.!'® These chemicals in a plant like

salicylic acid and anthraquinones (aloin, aloetic acid, anthra-
nol, cinnamic acid, and anthracene) are responsible for the
one-step reduction of metals in biogenic synthesis.!'>'®!
Polyphenols (aloin) in aloe vera leaves extract can act as a
chelating agent, capping and reducing agents for the bio-
genic formulation of metal nanoparticles.'”) The researchers
also compared the germ-Kkilling ability of Aloe barbadensis in
tooth gums in cavities. They realized that the aloe vera gel
was as better than the commercial kinds of toothpaste at
fighting cavity-causing oral infectious bacteria."®! The Aloe
barbadensis gel contains compound anthraquinones that
heal and recover pain by natural anti-inflammatory effects.
Aloe barbadensis had also beneficial effects on human
health. The scientists discovered their antimicrobial and
antimycoplasmic activities. Antimycoplasmic substances pre-
sent in plant help in the destruction of bacterial strains.!"!
The nano-sized metal oxides had modified physical, mor-
phological, optical, and chemical properties. The antimicro-
bial activity deals with inhibiting disease-causing microbes.
Owing to adventure in the nano-biotechnology field, nano
metal oxides of desired size and shape, lead to the buildout
of antibacterial agents. Many antimicrobial agents were used
for this purpose with different modes of action. Nano metals
oxides play a vital role as an antimicrobial agent.!'***~2%!
The mechanism of microbial activity of MO-NPs was ana-
lyzed by membrane damage, metal ion homeostasis disturb-
ance, and enzymes dysfunctioning. MO-NPs exhibit anti
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Table 1. Plant species responsible for MO-NPs.

Plant species MO-NPs Active component Size Antimicrobial applications
Glycosmis Fes0,4 Triterpenes, eugenol 58-79 nm, spherical E. coli
Mauritania
Cassia Fistula Zn0 Polyphenols, flavonoid 5-15nm hexagonal P. aeruginosa
Phyllanthus Amarus Cu0 Not mention 50nm S. aureus
Aloe Barbadensis Zn0 Flavanones, terpenoids 25-40 nm spherical M. luteus
Sageretia thea Fe,03 Polyols Below 100 nm B. cereus
Parthenium hysterophorus Zn0 Proteins 27-84 nm hexagonal S. typhimurium
Ocimum basilicum Zn0O Flavanones,terpenoids 50 nm hexagonal S. enteritidis
Solanum lycopersicum Zn0 Not mention 25nm hexagonal K. pneumoniae
Camellia sinensis Fe,03 Carboxyl, hydroxyl, amine groups and proteins 60 nm mesoporous P. aeruginosa
Sapindus mukorossi Fe, 05 Flavonoids Below 100 nm K. pneumoniae
Hibiscus rosa-sinensis Cus03 Phenolic compound 30-50nm E. coli
Aloe barbadensis Fe,03 Proteins, terpenoids 20-60 nm S. aureus
Aloe barbadensis Cu0 Carbonyl groups 15-30 nm versatile S. epidermidis
Eucalyptus globulus Fe, 05 Phenols and proteins Below 100 nm E. faecalis
gum karaya Cu0 Carbohydrates, proteins 7.8 nm irregular
Hibiscus subdariffa Zn0 carboxylic acids, phenol 20-45 nm hexagonal B. cepacia
Padina pavonica Fe30,4 Not mention 19.5-27 nm E. coli
Calotropis Procera Zn0 amine groups , proteins 5-40 nm. spherical , granular P. fluorescens
Arachis hypogaea Cu,0 Phenolic compound 37nm S. putrifaciens
Azadirachta indica Cu,0s Flavanones or terpenoids ~28-30 nm tetragonal S. maltophillia
Aloe barbadensis Cu,0s Phenols and proteins 30-60 nm K. pneumoniae

Table 2. Mechanism of antibacterial activity of by Nanomaterial.

Mechanism of

Sr.No  Nanomaterial antibacterial activity MIC reduction  Bacteria
1 Zn0 ROS inhibition 95% S. aureus
2 TiO Cell membranes damage  50% E. coli

3 Ag Cell wall disruption 100% E. coli

4 CuO Protein inactivation 90% B. subtilis
5 Fes04 ROS disruption 65% S. aureus
6 Al,03 Flocculation, ROS 57% B. subtilis

bactericidal properties by the generation of reactive oxygen
species which are capable to target metabolic pathways by
reducing DNA synthesis of prokaryotic cells leading to cell
death.!>>”) The gram-positive (GP) and gram-negative (GN)
bacterial strains create a severe health problem. Increased
infection of pathogenic strains may cause new bacterial
mutations, lack of vaccine, and health hazards. The different
infectious diseases caused by test organisms in present
research could be analyzed in Table 2. The bacterial cell wall
is composed of peptidoglycan. The metal oxides nanopar-
ticles can pass through the bacterial cell wall and susceptible
to destruction. The precise mechanism of antimicrobial
activity by TMO-NPs is under consideration, although it
may be due to binding with DNA cytosolic and protein of
pathogens, metabolic pathways adenosine triphosphate
(ATP) production and respiratory dysfunctioning.**) Anti-
bacterial and antifungal activity of metal oxide nanoparticles
depends on the size, stability in the environment, and con-
centration in the medium growth.**) As metal oxide nano-
particles had small in size than bacterial pores they could
cross the cell membrane of pathogenic bacteria and fungi.!*”!
Transition metals oxides possess the catalytic and photo-
chemical activity and are beneficial in antimicrobial
response. Our work was intended to explore further investi-
gation of new techniques from transition metal oxides
unique features. Oral hygiene referred to dental trauma, cav-
ity and gingivitis problems caused by metabolization of car-
bohydrates to organic acids. Dental infectious diseases
caused by infectious pathogens imposed financially burden

as seen in Table 3. Oral hygiene is considered important for
avoiding tartar to prevent tooth decay and periodontal dis-
eases. Owing to adverse actions of chemical treatments tran-
sition nano metal oxides emerged out as the best remedy.
Metal oxide nanoparticles had been used in research as
treatment of infectious diseases caused by pathogenic bacter-
ial and fungal strains. This research was intended to explore
the antibacterial and antifungal activity of biogenically syn-
thesized transition metal oxides. The novelty of work is a
unique comparison of biogenically fabricated three transition
metal oxides and their comparative study of antimicrobial
activity against oral cavity infectious microbial strains.

Materials and methods
Synthesis of Aloe barbadensis leaves extract

Aloe barbadensis plant was purchased from the botanical
garden of GCU Lahore. The leaves extract was prepared by
washing 25 g leaves with distilled water. The obtained leaves
material were dissolved in 100 mL of water in a 250 mL flask
and allowed to boil for 30 min at 80 °C and then allowed to
cool down at room temperature. The resulting solution was
filtered twice using a 0.2-micrometre filter paper to remove
any impure particles.

Fabrication of nano transition metal oxides

Fifty milliliters solution of 0.4 M, 0.5M, and 0.2 M solutions of
salts 99% purity technical grade copper sulfate (CuSO,4), 98%
pure ferric chloride (FeCl;), 99% pure zinc nitrate (ZnNOs3)
was added respectively into 25 mL Aloe vera leaves extract in a
250 mL Erlenmeyer flask with constant shaking with a mag-
netic stirrer under heating at temperature 100-120°C range.
Then the resultant solution underwent centrifugation by using
(Beckman JA-17 rotor model), at 10,000 rpm for 10-15min, at
temperature 35°C and solid particles were collected after dis-
carding the supernatant. The particles were washed twice with



Table 3. Infectious diseases caused by bacterial strains.
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Strains Identification

Infections in human

Escherichia coli
Bacillus subtilis
Bacillus licheniformis
Klebsiella pneumonia

Gram negative bacteria
Gram positive bacteria
Gram-positive bacteria
Gram negative bacteria

Cholecystitis, cholangitis, bacteremia, Diarrhea, UTI
Infection in the respiratory tract, eye, ears urinary tract
Septicemia, endocarditis, bacteremia, diarrhoeal illness
Liver abscess,pneumonia,septicemia,nosocomial infections

(a)

b

Figure 1. (a) Bacterial strain growth (b) Punching of wells in agar plates.

deionized water and ethanol. The collected MO-NPs were
dried in a watch glass for evaporation of extra liquid. The
formed precipitates were annealed at 500°C for 2h followed
by grinding for further characterization.

Characterization of transition metal oxides
nanoparticles

Morphology of transition metals oxides was using scanning
electron microscopy (SEM). X-ray diffraction patterns were
obtained with copper radiation by using diffractometer. The
correct calculations were made by step scanning program
and analyzed by X-pert high score software. The crystalline
size was calculated by the Scherrer equation. Fourier trans-
form infrared spectroscopy (FTIR) spectra were analyzed in
the 400—4000cm ™" spectral region. The nanometals oxides
powders were palletized with potassium bromide (KBr) for
results. Ultraviolet (UV) spectra of three metal oxides were
monitored as time function by spectrophotometer in
200-800 nm range at a resolution of 1 nm.

Antimicrobial activity

Bacterial and fungal strains

Bacterial strains: Escherichia coli, Bacillus subtilis, Bacillus
licheniformis, Klebsiella pneumonia

Fungal strains: Aspergillus niger, Candida albicans

Preparation of microbial inoculum

Bacterial and fungal test organism strains were grown in
nutrient agar for about 24h at 37°C. The 0.9% saline

(b)

solution was prepared in the 100 mL flask and autoclaved to
remove contamination. The test microorganism was inocu-
lated in the saline solution with the help of the inoculating
loop. A loop full of 24h old culture was taken and inocu-
lated in the pre autoclaved 0.9% saline solution. The turbid-
ity of the cultures was adjusted with 0.5 Mcfarland. This
flask was placed in the incubator shaker to properly mix the
microorganism. For MIC calculation, the nutrient broth was
prepared in 100mL flask and was autoclaved. The nutrient
broth was inoculated for 24h and hold fresh culture with
the help of the inoculating loop. The nutrient broth was
placed in an incubator shaker at 37+0.5°C, speed of
170 rpm for 24 h.

Agar well-diffusion method

To evaluate antimicrobial activity, agar well diffusion
method was applied in which the surface of agar plates was
inoculated by microbial inoculum volume over agar surface.
Conical flask of 100mL of nutrient broth was incubated
overnight with tested microorganisms at 37 °C. During incu-
bated on nutrient agar at 35°C about 18 h, we suspended a
0.9% saline solution. With sterile pipette application about
0.6 mL of broth mixed in 60 mL of molten agar and poured
into a petri dish to cool. Agar plates with 0.3 mL of all bac-
terial and fungal strains were prepared and allowed to set.
Four wells of about 5mm diameters were punched and
sealed with a sterile cork borer (Figure 1). In one hole bac-
terial and fungal strains were loaded while in the other three
holes 100 pg/mL TMO-NPs sample with a concentration of
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Figure 2. Antibacterial assay of sample code SC:Z-1,F- 1 and C-1 against Escherichia coli, Bacillus subtilis, Bacillus licheniformis, Klebsiella pneumonia bacterial strains.

Table 4. Antimicrobial activity of zinc oxide nanoparticles (ZOI, MIC, and MBC)
as biogenically fabricated against laboratory bacterial and fungal strains by
using the maximum concentration of 10 pg/ml.

Table 5. Antimicrobial activity of iron-oxide nanoparticles (ZOIl, MIC, and MBC)
as biogenically fabricated against laboratory bacterial and fungal strains by
using the maximum concentration of 10 pg/ml.

Z0I Z01 MIC MBC Control Z0I Z0I MIC MBC Control
Bacterial strains mm  mm (24h)  (ug/ml)  (ng/ml)  Negative  Bacterial strains mm  mm (24h)  (ug/mL)  (ug/mL)  Negative
Escherichia coli 34 37 1 0.8 null Escherichia coli 28 30.4 25 23 null
Bacillus subtilis 30 33 1.2 1 Bacillus subtilis 226 24.5 44 4.1
Bacillus licheniformis 31 34 1.2 1 Bacillus licheniformis ~ 23.8 26.5 43 37
Klebsiella pneumonia ~ 34.2 36.2 13 11 Klebsiella pneumonia ~ 22.4 229 4.5 4.1
Aspergillus niger 17.5 20.5 17 1.2 Aspergillus niger 94 1.7 5 4.6
Candida albicans 16.1 19.6 2 1.4 Candida albicans 9.1 12.1 4.7 4.2

2.5ug/ml, 5pg/ml, and 10 pg/mL was loaded. The plates
were left for two hours at room temperature and then over-
night at 37°C. Zone of inhibition (ZOI) was calculated by
measuring growth with scale. An experiment was conducted
thrice to calculate concordant readings. The Petri plates
used for antibacterial activity after calculation size of the
ZOI are shown in Figure 2.

MIC and MBC determination

The broth dilution assay was conducted to calculate the
minimum inhibitory concentration (MIC) and minimal bac-
tericidal concentration (MBC).



MIC determination

Minimum inhibitory concentration is the lowest nano
metal oxides amount which inhibited the microorganism
growth. MIC was determined by solution preparation of
MO-NPs in different concentrations, incubation with
microbial strains and results calculation by broth microdi-
lution. Three main reagents were media (Hinton broth;
support growth of pathogen), tested microbe (bacterial and
fungal strain), and antimicrobial agents (MO-NPs). The
concentration of antimicrobial agents was adjusted with
media. To obtain serial dilution of concentration
(0.5-10 pg/mL) prepared to obtain gradient. By adjusting
incubation time and dilution bacterial and fungal strains
added, inoculated tube and incubated for 20h. MIC was
finally calculated by turbidity level.

MBC determination

Minimum bacterial concentration is the lowest MO-NPs
concentration killing maximum bacteria inoculum with no
visible growth. MBC was determined by subculturing of
tubes which had no growth on the agar plate. Almost
200 pL of tubes content without turbidity were cultured on
Muller Hinton agar media and incubated for 24 h and exam-
ined for growth. The tube which has the lowest MO-NPs
concentration and fails to grow on culture was MBC of test
microbial strain, MIC and MBC results were summarized in
Tables 4-6.

Table 6. Antimicrobial activity of copper oxide nanoparticles (ZOI, MIC, and
MBC) as biogenically fabricated against laboratory bacterial and fungal strains
by using the maximum concentration of 10 pg/ml.

Z0I Z0l MIC MBC Control
Bacterial strains mm  mm (24h)  (ug/mb)  (pg/mL)  Negative
Escherichia coli 32 34.6 2.6 2.4 null
Bacillus subtilis 28 29.7 29 2.8
Bacillus licheniformis 27.5 29 3.1 Np
Klebsiella pneumonia ~ 23.8 25.8 29 2.7
Aspergillus niger 12 15.2 43 4
Candida albicans 11.5 14.5 4.1 3.7

Z M

¥5. 588

Figure 3. SEM analysis of copper oxide (CuO) biogenically fabricated nanoparticles.

INORGANIC AND NANO-METAL CHEMISTRY (&) 5

Results and discussion
Characterization results

The maximum absorption peak was noted between the
ranges of 200 and 250nm for copper oxide nanoparticles.
The peak of nanoparticles in this study appeared at about
230nm with the maximum absorbance of 4, which con-
firmed the formation of copper oxide nanoparticles. The
intense peak at about 230 nm was due to the interband tran-
sition of the core electrons of the sample. The sizes of the
copper oxide nanoparticles were analyzed by using FWHM
data in Debye Scherrer equation. The average particles size
was analyzed between 20 and 40 nm. The Fourier transform
infrared spectra of the SC: C-1(AV) was determined for
functional group analysis. The bands at different positions
correspond to stretching and bending of the functional
group present. The different peaks were observed between
the ranges of 400 and 4000cm ‘. The broad bands were
observed at 3230-3270cm™' correspond to the hydroxyl
(OH) functional group stretching due to the presence of

35+

[ UV spectra of SC:C-1 I

3.0

250-280nm

2.5+

2.0

1.5 1

absorbance

1.0+

0.5+

0.0

T b T i T v T b ? ¥ T T
200 300 400 500 600 700 800
wavelength

Figure 4. UV analysis (Cu0)

nanoparticles.

of copper oxide biogenically fabricated
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alcohols and phenolic compounds of extract. The peaks
between a range of 2930-2925cm™' and 1605-1615cm ™'
indicated the C-H and amide -NH group stretching,

100 +
1100 CuO
stretching
90
0]
2
IS 80
g 1344CH
= bending
© 70 4 2850-CH
;\E; stretching
1611C=C
60 aromatic
3310-OH
50 stretching
T . T . T ¥ T » T o T L T " T »
500 1000 1500 2000 2500 3000 3500 4000

wave number (cm-1)

Figure 5. FTIR analysis of copper oxide (CuO) biogenically fabricated
nanoparticles.
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Figure 6. X-ray diffraction (XRD) analysis of copper oxide (CuO) biogenically
fabricated nanoparticles.

& >
7 =

Figure 7. SEM analysis of zinc oxide (ZnO) nanoparticles.

respectively. According to the results shown in Figures 3-6,
the analysis of copper oxide nanoparticles exhibited
mostly tetragonal and a little bit irregular shape morphology
with a  smooth  surface under the Scanning
Electron Microscopy.

The reduction of zinc metal ion was monitored by ali-
quots subsequently checked by ultraviolet spectrophotometer
at a range of 200-1100nm and observed the peak of zinc
oxide nanoparticles between 200 and 280nm region. The
average crystallite size was calculated at about 37.86 nm by
XRD sheerer equation. The Fourier transform infrared
(FTIR) spectra of the SC: Z-1(AV) biogenically fabricated by
aloe barbadensis leaves extract determined between ranges
of instrument 500-4500 cm ™' for functional group analysis.
Notably, the functional group played an important role in
ZnO-NPs synthesis. The broad bands observed at
3300-3470 cm ™' correspond to the alcoholic hydroxyl (OH)
functional group stretching of precursor extract. The peaks
between a range of 2920-2950cm ' and 1605-1655cm '
confirmed the C-H bonding of amide -NH group stretch-
ing, respectively. For semi electron microscopy (SEM) ana-
lysis at different magnifications confirmed the formulation
of zinc oxide NPs (Figures 7-10). Moreover, on the further
substantiation of the zinc oxide nanoparticles exhibited a
hexagonal shape with a smooth surface. From the picture, it
was confirmed, the average size between 30 and 40nm,
which was in best agreement calculated by X-ray diffraction
analysis (37.8 nm).

The absorbance was recorded in the visible range set
between 200 and 400 nm and operated at ambient tempera-
ture, the peak appearance at 298 nm confirmed the forma-
tion of iron oxide nanoparticles. The particle size was
calculated by Scherrer equation where pf-diffraction peak
broadening at full width and max intensity FWHM was cal-
culated 0.85. The average crystallite size was calculated at
about 36.33 nm. The peak at 3328 cm ™" exhibited OH group
stretching of phenols, polyphenol, carbohydrates monomers
(mannose), and proteins. The stretching peak at 2923 cm™!
suggested for asymmetrical and symmetrical CH- and CH,-
groups. The carbonyl group CO stretching of COOH group
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Figure 8. UV spectral analysis of zinc oxide (ZnO) nanoparticles.
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Figure 9. FTIR analysis of zinc oxide (ZnO) nanoparticles.

was examined at 1300nm. The peaks at 1632cm™' and

1410cm™ ' were assigned to pectin in sample characteristic
of esters and carboxylic COO- stretching. The weak peaks
at 850-1000cm ™' were due to CO- stretching associated
with the pectin constituent galacturonan. The carbohydrate
out of plane deformation was observed between regions
680-715cm™". The strong peak at 580cm ™' regions indi-
cated the Fe-O stretching confirmed the iron oxide nano-
particles fabrication. The average grain size of iron oxide
nanoparticles was between the ranges of 20-39nm. The
shape of SC: F-1(AV) was rhombohedral to pyramidal with
a smooth surface. Results of characterization studies are
summarized in Figures 11-14.

Antimicrobial tests

Results of antifungal and antibacterial activity revealed that
ZnO and Cu,O; nanoparticles have excellent potential for
pathogenic bacterial strains and fungi as compared to iron
oxide nanoparticles. It was examined that zinc oxide nano-
particles had the least particle size and surface/volume ratio
as compared to copper oxide and iron oxide, due to which
they exhibited efficient antimicrobial activity. For Iron oxide
nanoparticles, ZOI values analyzed by assay were 28 mm,
22.6mm, 23.8mm, 22.4mm, 9.4mm, and 9.1 mm against
microbial strains. Similarly, Zinc oxide nanoparticles ZOI
values calculated were 34mm, 30mm, 31mm, 34.2mm,
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17.5mm, 16.1 mm and copper oxide ZOI against E. coli, K.
pneumonia (gram-negative bacteria) B. subtilis, B. lichenifor-
mis (gram-positive bacteria) A. niger, C. albicans (fungal
strains) were 32 mm, 23.8 mm, 27.5 mm, 28 mm, 12 mm, and
11.5mm, respectively (Figure 2). After 24h, it was analyzed
that the ZOI values increased due to again bacterial growth.
The ZOI values calculated after 24 h for zinc oxide nanome-
tal were 37mm, 36.2mm, 33mm, 34mm, 20.5mm, and
19.6mm for E. coli, K. pneumonia (gram negative bacteria)
B. subtilis, B. licheniformis (gram-positive bacteria) A. niger,
C. albicans (fungal strains) (Figure 15).

The results of transition metal oxides ZOI values sum-
marized in Tables 4-6. The ZOI by transition metal oxides
against microbial strains showed that all have the efficient
antimicrobial and antifungal ability. The samples code SC:
Z-1 least sized exhibited highest (37 mm) ZOI inhibition
against E. coli bacterial strain, while, SC:C-1 and SC: F-1 cal-
culated maximum ZOI of 34.6 mm and 30.4 mm respectively
against E. coli bacterial strain. Among the bacterial strains,
E. coli examined maximum ZOI values with transition metal
oxides in comparison to other bacterial strains inaugurated

280
Zn (JCPDs Card# 96-901-1600)
240 ZnO (JCPDs Card# 96-900-4182)
200
; 160 -
L |
2
2 120
] 1a& =~
E {28835 - &
T i — (=}
1920 < <
404 GN g c N
N
MM i
O—N M ‘\-,.-«\,M/\/w\,al\,w/\,«wv\m
30 3I5 4I0 4|5 5IO 515 6I0 6I5 70

20 (degree)

Figure 10. X-ray diffraction (XRD) analysis zinc oxide (ZnO) nanoparticles.

to be the least. Similar observations were found in the case
of B. subtilis, B. licheniformis and K. pneumonia, where the
ZOI exhibited by TMO-NPs (Fe,Os;, Zn O, Cu,0;) were

3.54
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Figure 12. UV spectral graph of iron oxide (Fe,0s) biogenically fabricated.
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Figure 13. FTIR spectral analysis of iron oxide (Fe,0s) biogenically fabricated
nanoparticles.

Figure 11. SEM analysis of iron oxide (Fe,03) biogenically fabricated nanoparticles.



summarized in Table 4. Zinc oxides being least particles
sized retained maximum ZOI against bacterial and fungal
strains, but it was also demonstrated that antibacterial assay
by TMO-NPs provided better results than antifungal activity.
It was concluded that the antibacterial and antifungal activ-
ity of the MO-NPs elevated by increasing in surface/volume
ratio and decreasing the particle sizes. Similarly, it was also
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Figure 14. X-ray diffraction (XRD) analysis of iron oxide (Fe,Os) biogeni-
cally fabricated.

Antifungal assay by MO-NPs
a) Aspergillus Nigar
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to be noted that gram negative bacterial strains had the
highest inhibition zone than gram-positive bacterial strains
especially in the case of zinc oxides, copper oxide, and iron
oxide nanomaterials. This could also be due to gram nega-
tive strains resistance.

We reported in recent research that, smaller the particle
size of MO-NPs, efficiency in ZOI against bacterial and fun-
gal strains enhanced, assay efficiency depends on both the
production of reactive oxygen species (ROS) and the accu-
mulation of the nanoparticles too. A comparison of different
nanomaterials from literature with a mechanism of action of
antimicrobial activity were summarized in Table 2. It was
observed with inhibition zones studies, zinc oxide nanopar-
ticles had least efficiency against A. niger and C. albicans
fungal strains. Thus, in this article, ZnO nanoparticles had
shown the best antibacterial and antifungal activity. It was
also assessed that the potential of antibacterial and antifun-
gal activity is time-dependent, after 24h the ZOI calculated
found to be decreased due to bacterial growth (Results were
summarized in Table 4). Minimum inhibitory concentration
(MIC) values of zinc oxide nanoparticles for E. coli, B. subti-
lis, B. licheniformis, K. pneumonia, A. niger, and C. albicans
were 01, 1.2, 1.2, 1.3, 1.7, and 02 while minimum bacterial
concentration (MBA) values calculated were 0.8, 01, 01, 1.1,
1.2, and 1.4, respectively (Tables 4-6). It has resulted in
TMO-NPs amount of 10pug/mL had no harmful effect on
human cells. Each assay was done in triplicate and the arith-
metic mean, attributed to the corresponding results.

Figure 15. Antifungal analysis of sample code SC: Z-1, F-1 and C-1 against Aspergillus niger and Candida albicans fungal strain.
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Figure 16. Comparative analysis of ZOI of TMO-NPs against bacterial and fungal strains before and after 24 h.

Comparative graphical estimation of ZOI of TMO-NPs
against bacterial and fungal strains is summarized in
Figure 16.

Conclusions

Among the biogenically fabricated transition metal-oxides,
ZnO-NPs demonstrated the highest antimicrobial activity
against six analyzed microbial strains at a concentration of
10 pg/mL. It was also concluded that in preparation method,
0.9% saline solution application promoted full growth of
bacterial strain which helped in the precision of result calcu-
lations. Comparatively, transition metal nano oxides ZOI,
MIC and also MBA values calculation confirmed zinc oxide
nanometal effectiveness against bacterial and fungal strains.
The broth medium needs 24 h to grow the bacteria, while in
saline solution the bacteria colonies simply added and
spread over the surface of nutrient agar in the Petri plates.
Another prominent and unique benefit of using saline solu-
tion was that in the broth medium, there was a problem
related to the overgrowth of bacteria which results in com-
plexity in the experiment. While in the saline solution fur-
ther growth of bacteria did not occur unless it was
transferred on the nutrient agar medium. After the evalu-
ation of results, it was obvious that the use of transition
metals oxides would be productive and safer for oral use. In
future, another comparison of antimicrobial activity may be
promoted by nano metal oxides. Order of antimicrobial
action on pathogenic microbes was in this order SC: Z-
1> C-1>F-1. Industrially application of zinc oxides nano-
particles should be applied in oral medicines and oral pastes
for reduction of bacterial growth.
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