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Abstract:

The main objective of this research is to synthesize active nanoparticles Ag/CaO
(NPs) with a cost-effective, eco-friendly, quick, simple and sustainable process
for turning leftover camel bone into a renewable resource for useful applications.
The reduction factor has been prepared from a plant extract of Punica granatum
peel and calcium oxide (CaO) which was made by calcination of dried camel bone
at 800 °C and contains a high level of calcium (Ca) 31.3%, then mixed with Ag
metal by using the sol-gel technique. A number of methods were used: XRD,
BET, X-ray spectroscopy, UV, IR, and FESEM to investigate the optical,
morphological, and structural characteristics of Ag/CaO NPs. The results showed
that Punica granatum peel extract was a very affordable, non-toxic, and easily
accessible capping agent. The MTT assay was also used to evaluate cytotoxicity
in the bio-reducing synthesis process. Furthermore, the biological activity of the
nanoparticles was evaluated against bacteria as well as fungal strains.
Nanoparticles exhibited strong activity against S. aureus and E.coli, with an
inhibition zone of 7.0 £0.2 - 8.0 £0.2 mm respectively, with moderate activity
against C. albicans 5.0+£0.1mm.Also the cytotoxic potential of synthesized
nanoparticles against colon cancer and DU-145, PC-3 cell lines. It could be
noticed that Cao/Ag nanoparticles had the highest anticancer action versus A549
with 1C50 = 124.16£1.93 pg/ml at concentration > 500 ug/mL. The Ag/CaO
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nanocomposite has shown efficacy as a catalyst in the reduction of dyes such as 2-
Nitrophenol > 95%. It is hence efficient for environmental applications.

Keyword: Punica granatum peel, Ag/CaO NPs, camel bone, Anti-microbial
activity, anti-cancer, 2-Nitrophenol.

Introduction:

Nanoparticles demonstrated antibacterial activities, they have been the subject of
wide research. Although silver nanoparticles are known for their strong
antibacterial activity, they are also known for their toxicity and cell oxidative
damage [1]. Calcium oxide nanoparticles have drawn interest due to their
decreased toxicity, high basicity, and histocompatibility [2] as well as their
prospective uses as drug delivery agents, absorbents, catalysts, and antimicrobial
agents [3]. Numerous studies have demonstrated that doping metallic oxides with
various metal cations may improve their antibacterial qualities [4, 5]. Ag-doped
CaO nanoparticles has antibacterial efficacy was assessed against S. aureus and E.
coli, two harmful pathogens. Human fibroblast cells were subjected to
cytotoxicity examination utilizing the dimethylthiazol and diphenyltetrazolium
bromide [6]. It synthesizes nanocatalysts using non-noble metals like calcium
(Ca) because it performs similarly to noble metals but at a significantly lower
cost, noble metal-based catalysts are costly for real-world use. [7]. Significant
worldwide worry is the emergence of bacterial resistance to traditional
antibacterial medications as a result of their excessive and unnecessary use [8].
Water pollution is becoming a major issue due to the existence of several
contaminants in water resources, such as organic dyes, nitroaromatic compounds,
and microplastics [9].Dyes and pigments are widely used for a variety of
purposes. Almost all of the colors are harmful to aquatic life. Nevertheless, they
are environmentally stable and scarcely biodegradable unless a catalyst is present
[10].Punica granatum L. belongs to the family Punicaceae, which consists of just
two species and one genus. Pomegranate is used in medical fields for various
purposes [11]. A blood tonic [12]. Heal aphthae, diarrhea, and ulcers [13]. The
trunk bark contains 10-15% tannin, which plays important role in the production

of leather [14]. Preparations made up of different sections of P. granatum have

88



CATTLE PRACTICE ISSN 0969-1251

33(5) |

been applied to cancer therapy [15]. The fruit extract shows antiviral activity [16].

Anti-microbial effect due to its anthiocyans [17].

Material and Methods
2. Materials:
2.1. Plant material:

The punica granatum peel was bought locally from a Sharourah market. It was

made up of dried exudates stuck to the myrrh tree's bark. Shown in figure no (1).
2.2. Preparation of extract:

punica granatum peel was thoroughly cleaned with running tap water to get rid of
any dust, and then it was cleaned with distilled water. The sample was then well
dried at room temperature on filter paper before being aseptically pulverized using
a sanitized pestle and mortar. 10 g of Punica granatum peel powder were shaken
in 100 ml of distilled water for 4hrs to create a 10% (w/v) aqueous extract of
Punica granatum peel [18].The preparation was then centrifuged for 10 minutes at
8000 x g, and the supernatant was removed to create a crude extract brownish in

color. Before use, test tubes were placed in a refrigerator at 4°C.
T

Figure (1): Pomegranate Punica granatum peel.

2.3. Chemical constituents of Punica granatum peel extracts.
2.3.1. Gas Chromatography, Mass Spectrometer (GC.MS)
Chemical constituents was determined using (Shimadzu, Japan TQ8040-

2010) gas chromatograph, fitted with Flame ionization detector (FID). Separation
of sample was achieved using C18 column, serial number (us6551263H), of
0.25um film thickness, 30 meter length, 0.25 mm inner diameter, injection

temperature 250.00C™ .This procedure is based on the precipitation of crude
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powder or serum protein before analysis. The samples were diluted with equal
volume of different solvents and then diluted 1:1 methanol (100%) [19].
2.4. Characterization and Preparation of Ag-doped CaO (NPs):

Ag-doped CaO nanoparticles were synthesized via a Sol-Gel procedure [20].
Calcium chloride dihydrate (CaO/2H.0, 99 %), silver nitrate (AgNO3, 99.8-100.5
%), and sodium hydro oxide (NaOH, 98 %) from (Sigma-Aldrich -Germany).

» Ag-doped CaO nanoparticles were prepared via a sol-gel method.

» 20 ml of deionized water were used to dissolve (1-x) mol CaO/2H,0 and mol
AgNO;

» Solution containing 2 mol CeHsO7H>O was added into the above solution under
continuous stirring.

» Wet gel is formed when keeping mixture in a water bath at 80 °C, at 150 °C it
turns to dry gel

» Ag-doped CaO nanoparticles were obtained by calcining dry gel at 500 C
The obtained samples were designated as pure CaO 0.1% Ag-doped CaO and
0.5% Ag-doped CaO respectively. They were analyzed by (XRD) (PANalytical
Empyrean), X-ray photoelectron spectroscopic (XPS) (Thermo Scientific K-
Alpha), (FTIR), UV, TEM and (FESEM) (JEOL JMS 70000F).
2.5. Preparation of CaO catalyst from camel bone.
The camel bone was dried at 120°C for 16 hours. Then were undergoing
calcination in a muffle furnace for 3 hours at temperatures of 900°C [21].The
figure used shown (Fig.2-a).
2.6. Synthesis of bare and extract doped Ag/CaO NPs
Agueous extract comprising 35 mL of water as a soluble solution of CaO/2H,0
and AgNO; (4.9 g & 0.25 g) was agitated for 5 minutes at 90 °C. Then punica
peel extracts in varying amounts (5 mL & 10 mL) were added as drops to two
distinct pure solutions. In the meantime, a 0.5 M NaOH solution was added to
maintain a pH of ~12. For two hours, the colloidal solution was vigorously

agitated at 90°C. As a result, the precipitate was cleaned and centrifuged for nine
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minutes at 7100 rpm. Then calcined in an oven at a steady 90°C until the water
had evaporated.[22-24].The figure used shown (Fig.2, b).

Figure (2- a, b): Diagram (a) preparation of CaO (b) extraction of punica peel
synthesis of green synthesized Ag/CaO NPs.
2.7. Bacterial microorganisms:

2.7. 1. Isolation and identification of bacteria.

Pathogenic microorganisms (bacteria & fungi) were incubated on 5 % blood agar
at 37 oC for 2448 h [25]. Three isolated colonies from the standard colonies were
obtained on Macconkey agars (MA) and mannitol salt (MS), respectively. Gram
staining was developed by Burgey's Decisive Bacteriology Manual.Coagulase and
catalase assays were used to confirm refined cell colonies morphologically and
biochemically [26].

2.7.2. Antibacterial evaluation

The diffusion agar method was implemented to evaluate the materials under
investigation in vitro antimicrobial features in opposition to a range of test
pathogenic microorganisms, as shown in Table 1. The plates made from Mueller
Hinton agar were used for bacteria, where is malt extract medium used for molds.
The evaluated items were then placed onto the medium-made well using a scraped
corn borer edge. Gentamicin (0.06 mg/ml) and fluconazole (0.28ug/ml) were
often provided drugs, with DMSO acting as the baseline, the inhibiting radius was
assessed at 38°C for bacterial cells, 4-8 days, and 27°C for the studied fungal
species following a 72-hour growth period. Additionally, in compliance with the
CLSI procedure, the micro-dilution process used to determine the minimum

inhibitory concentration (MIC) of tested item [27].
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Table (1): Reference of pathogenic microorganisms

Bacillus subtilis NCTC 8236 (Gram + ve bacteria)

Escherichia coli ATCC 25922(Gram -ve bacteria)
Pseudomonas aeruginosa ATCC 27853 (Gram -ve bacteria)
Staphylococcus aureus ATCC 25923(Gram +ve Bacteria)
Candida albicans ATCC 25926 (Fungi)

National Collection of Type Culture (NCTC), Colindale, England.

American Type Culture Collection (ATCC) Rockville, Maryland, USA.

2.8. Evaluation of cytotoxicity against cancer colon DU-145 and PC-3 cell
lines:

The experiment was done to assess the specimen's impact on the viability of the
cell lines, MTT test was employed. Penicillin (110.0 units/mL), streptomycin (111
mg/mL), and heat-inactivated fetal bovine serum (14%) were incorporated to
DMEM base, which was then moistened and kept at 36°C with CO2 (9% v/v).
After adding 120.0 pL of dispersed cell suspensions with 5.8 x 103 cells, 96-well
plates were left to culture for an entire day. Following the addition of varying
quantities of the specimens to the cell media, the developing cells were treated
with 99.90 uL of the specimen-preserving media for three days. After application
of sample treatment, the cells had been fixed using 145 puL of 12% TCA instead of
bovine serum and left for 60 minutes at 6°C. The cells were washed six times with
deionized water prior to the elimination of TCA solution. The cells were left in air
for 15 minutes at 28°C in a dark condition after addition of 75 pL of 0.5% w/v
MTT solution. The absorption was determined at 565 nm was recorded using a
reader (Tecan 398, USA) [28].

2.9. Statistical analysis:
A statistical tool (SPSS 20) was utilized statistically to determine the

antibacterial efficiency, which was presented by the diameter of the inhibitory
zone (mm), using one-way analysis of variance (ANOVA).Analysis of molecular
docking: Green-produced Ag/CaO nanoparticles were subjected to molecular
docking studies in order to gain a better understanding of the mechanism behind
their bactericidal effect [29].
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3. Results and Discussion:
3.1. Chemical structures of Punica granatum peel extract:

Gas chromatography mass spectrometer (GC-MS) was used to determine
the chemical structure of the peel of Punica granatum. The components were
polyphenol and ellagic acid, 5-hydroxymethylfuraldehyde, lactic acid, palmitic
acid, gallic acid, mannitol-manna sugar, oleanolic acid, and palmitic acid [30], as
displayed in Table 2.

Table (2): Chemical structure detected by gas chromatography mass
spectrometer (GC.MS) of aqueous extract of Punica granatum peel.

Name | Structure |  Formula | Molecular weight
Punica granatum
HO o o CsHeO3 126.11004 g/mOl
5-Hydroxymethylfuraldehyde N7 (H
0 C12H2403 126.11004 g/mol
Lauric Acid /‘\/‘\,/“\/\/’\/J\OH
P & W CsH1406 182.17176 g/mol
Mannitol-manna sugar Sadi W (g
Oleanolic acid CaoH4g03 456.71 g/mol
Palmitic acid C16H3202 256.4241 g/mol
Gallic acid /‘:’;C’j | CeHsOHs 170.11954 g/mol
e O 1
Polyphenol czcg %%% CsHeO 3500.2142 g/mol
Ellagitannin o T C44H32027 127.319 g/mol
i
Ellagic acid o \2?‘:—% n C14HsOs 302.197 g/mol

3.2. Characterizations of calcined camel bone at 800°C

BET analysis as shown in Table 3. Catalyst calcined at 800 °C had a better
crystalline order and higher surface area (15.7 m?/g), pore size (2.99 nm), and
pore volume (0.023 cm®/g) [31]. By using TEM analysis of the hydroxyapatite
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catalyst's particle size, the average size of the irregularly shaped grains ranges
from 1.2 nm to 10 um, as shown in Fig 3. These catalyst particles were not clearly
shown to be hexagonal-shaped, similar to the XRD results, which is due to
agglomerate formation on some particles [31].

Table (3): BET analysis of camel bone calcined catalyst at temperatures

800°C
No Surface area (m?/g) Pore  Size Porevolume (cm?3/g)
(nm)
800 °C 15.7 2.99 0.023

Figure 3. TEM image for calcined hydroxyapatite derived from waste camel
bone.

3.2.1. XRD analysis.
Mineral salts (Na, Mg, P, K and Cao) have been measured in heat treated camel

bone at 800°C. It was demonstrated that it had elevated calcium oxide levels
40.3% and moderate level of sodium23.58% , magnesium 19.48%, potassium
14.03% and phosphor 10.23%) respectively[31-32].As shown by XRD figure (4).
The newly formed catalyst derived from waste camel bone is considered to have
promising characteristics, with an average particle diameter that allows for reuse

in more than two cycles without losing activity.
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Figure (4): Measurement of mineral salts of camel bone treated at 800°C
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3.3. Characterization of Ag-doped CaO nanoparticles:
3.3.1. Fourier- Transform Infrared Spectroscopy (FTIR)

The type of bonding found in the produced samples has been investigated using
the FTIR [33]. Fig 5 shows the infrared spectrum of a silver-doped calcium oxide
sample. The absorption band at 3743 cm™ is likely due to the stretching of the O-
H bond which may be present in the sample as a natural result of humidity [34].
Also, the absorption at 2321 cm™ may be due to the bending of the C-H bond
which may be due to the presence of traces of the plant extract residue [35]. The
absorption peak at 954 cm™ is due to the bending of the O-H bond [36]. The
strong broad absorption peak at 1471 cm™ and the strong sharp peak at 876.7 cm™
indicate the formation of C-O bond due to the presence of carbonates resulting
from the absorption of acidic carbon dioxide from the atmosphere by basic
calcium oxide [37]. The sharp absorption peaks at wave numbers 1653 cm™ and
2510 cm™ are due to the stretching of the C-O bond [38]. The absorption spectrum
at wavenumbers: 2982 cm™, 2874 cm™, 1636 cm™, 1387 cm™ and 1072 cm? is a
fingerprint for the presence of silver [39], especially the strong absorption at 668
cmt, which indicates the presence of Nano-sized silver particles[40]. There are no
absorptions in the infrared region above the detection limit of the analysis,
indicating the presence of the coesite mineral.
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Figure (5): FTIR spectrum of AgxCal-xO nanoparticles

3.3.2. UV-Vis analysis spectra of the green synthesized

The UV-Vis analysis of Ag-doped CaO in figure 6 shows strong Surface Plasmon
Resonance (SPR) centered at about 420-440 nm is characteristic of colloidal
silver, which is triggered by the resonance of transmission band electrons
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fluctuating together with the varying electric field of incident light to produce
energetic plasmonic electrons during non-radioactive excitation [41].

Absorbance (arbitrary unif)

1100 1000 200 =00 o0 =00 =00 =00 =00
wavelenath (mmd

Figure (6): UV-Vis spectrum of Ag doped CaO nanoparticles
3.3.3. X-ray diffraction (XRD) analysis:

The X-ray powder diffraction analysis of Ag/CaO NPs composite [42]. Shows
three crystalline minerals, the 1st of which was forms of silica (Coesite); the 2nd
mineral was from calcium (Calcite). And the 3rd was silver it was observed that
the sharp diffraction peaks corresponding to 2°=38° and 44° were assigned to the
directions from (111) and (200) planes corresponding to crystalline elemental
silver (JCPDS 87-0717). The presence of these minerals was confirmed by EDX
elemental analysis and the picture of Field Emission Scanning Electron
Microscopy (FESEM) analysis, illustrated in figure (7).
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Figure (7): XRD pattern of Ag doped CaO

3.3.4. Energy dispersive X-ray spectroscopy:

The energy-dispersive X-ray spectrum shown in table (4) and figure (8) verified
that the sample contained oxygen, calcium, and silver metals [43]. It was evident
from the current peaks that metals, silver, and calcium were pure according to the
spectra, the atomic ratios of Ca, Ag and O are 42.3:37.04:26.30 respectively..
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Table (4): Measurement of mineral salts of Ag doped CaO.

Element Weight % Atomic % Net Int Error %
C 5.46 25.73 29.50 10.18
Oxygen 26.30 58.35 52.33 12.72
Si 0.08 0.41 5.38 51.98
Ag 37.04 4.81 113.22 6.68
Ca 42.3 10.70 127.84 5.25

1.98K
1.76K
1.54K
1.32K
1.10K|
0.88K]|
0.66K]| s

0.44K]
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Figure (8): Measurement of mineral salts of treated of Ag doped CaO at 500°C
3.3.5. Field Emission Scanning Electron Microscopy (FESEM) analysis:

The image (9) shows calcium oxide (CaO) with irregular spherical shape, where
silver (Ag) particle size increases as the percentage of Ag doping increases.
Furthermore, Ag-doped CaO nanoparticles show aggregation of the three types of
mineral grains. The silver grains are brightest with an average grain size of 12 nm,
the calcite grains are medium bright with an average particle size of 12.5 nm, and

the coesite grains are dark with an average grain size of 11 nm [44-45].
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Figure (9): FESEM images of Ag doped CaO

97



CATTLE PRACTICE ISSN 0969-1251

33(5) |

3.4. Reduction of 2-Nitrophenol doped Ag/CaO NCs:

As shown in figure (10-a,b), evaluation of the effectiveness of Ag-doped CaO at
various catalyst weights, such as 5 and 10 mg. Using a 2-NP solution prepared at
a concentration of 0.25 mm, 2-nitrophenol (2-NP) using a reducing agent NaBHa,
2-NP was changed into 2-AP. The reaction was carried out at room temperature
[41]. Without the catalyst, the BH4 ions were unable to convert 2-NP to 2-AP
[41]. As seen by the CaO reduction percentage of 75% at 25 minutes, the Ag
reduction percentage of 80% at 23 minutes, and the solution's continued pale
yellow color. In the meantime, the spectrophotometer was used to track the
catalytic reduction of 2-NP with Ag-doped CaO. When NaBH4 was added, the
solution's color changed from pale yellow to yellow as a result of the 2-
nitrophenolate ion being developed. The reduction efficiency of catalyst at
different catalytic weights 5 and 10 ml, the conversion efficiency of Ag-doped
CaO was 89% (20 min), 92% (15 min), 95% (10 Sec), respectively. This is due to
Ag/CaO NPs having a larger surface area, a smaller in size and being well
dispersed, and its synergistic effect is important throughout the reduction process.

150
15 m 10 Sec
100 23m
50
0
Ca0O Ag/Ca0 5ml 10ml
H sample

Figure (10-a): Catalytic reduction efficiency of 2-Nitrophenol using Ag doped
Ca0 & time factor.
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Figure (10-b): Biosynthesis mechanism of Ag NPs [41].

3.5. Antimicrobial activity of the tested Compounds

Evaluation of antimicrobial efficiency through monitoring microbial growth
behavior in CFU/mL as a function of time allowed. Therefore, four distinct
growth phases, lag, exponential growth, stationary growth, and death can be seen
in the growth curves [46].As showed in figure 11 & table 4, the anti-bacterial
activity of silver-doped CaO nanoparticles is investigated against microorganism.
The inhibition zone diameter for each disc is displayed. The material's toxicity
increases with its concentration, against bacteria and a unicellular fungus strain.
The studied compounds' capacity to suppress microbial growth was clearly
evident. Furthermore, Ag/CaO nanoparticles exhibited the strongest activity
against S. aureus and E.coli, with an inhibition zone of 7.0 £0.2 - 8.0 £0.2 mm
respectively. Moderate against C. albicans 5.0£0.1mm compared to the standard
drugs gentamicin and fluconazole 4.0+0.3 &3.0£0.2 respectively. Moreover it
could be noticed that, Cao/Ag (10 ml) had the highest action, while the impact had
been reduced upon decreasing the concentration upon using Cao/Ag (5 ml). In
accordance with other investigators who report that size and concentration of
nanoparticles directly affect its activity [47-49]. The reason is presence of
polyphenolic compounds and ellagitannin which are the main compounds of
Punica granatum peel that form complexes with nanoparticles, they were chosen
for molecular docking experiments in addition to Ag/CaO nanoparticles. This was

achieved by concentrating on proteins that are necessary for the growth and
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durability of bacteria. DNA gyrase, and dihydrofolate were among the numerous

protein targets linked to distinct biosynthesis [50].

Table 4: Antimicrobial activity of the targeted extracts (Inhibition zone mm)

Sample code Inhibition Zone (mm)
P. E. coli B. S.aureus | C. albicans
aeruginosa subtilis

CaO 1.0£0.3 2.0+0.1 | 3.0+0.2 7.0£0.2 3.0+0.2
Ag 2.0£0.4 3.0£0.2 | 3.0+0.2 3.0+0.2 3.0+0.4
CaO/Ag 3.0+0.2 4.0+0.1 | 3.0+0.2 5.0+0.2 4.0+0.1
5¢ 3.0+0.2 5.0£0.1 | 3.0£0.2 5.0+0.2 4.0+0.1
10g 4.0+0.2 8.0+0.1 | 4.0£0.2 7.0+0.2 5.0+0.1
Fluconazole @ - 3.0+£0.2

Gentamicin ° 3.0+0.3 5.0+0.3 | 3.0£0.1 5.0+0.2 -

Key: *M.D.I.Z : Mean diameter of growth inhibition zone in (mm).

** Average of 2 replicates; M.1.Z.D (mm): >18 mm: Sensitive (14-18)mm: Intermediate,< 14
mm: Resistant; (-)

***No inhibition zone.? Fluconazole was used as standard antifungal and antibacterial agents at 25
pg/mL, respectively .

P. aeruginosa S. aureus
1 2

1 C. albicans

Figure (11): Antimicrobial impact of various examined specimens versus different
bacteria and yeast strains.
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3.6. Anti- microscopic observation of the cell lines treated with the Ag-doped
CaO

As shown figuresl2 & table 5, colony formation, migration, and proliferation
were assessed. It was noticed that after 48 h the number of DU145 and PC3 cells
was significantly (p < 0.001) reduced by Ag/CaO, which had been prepared using
Punica granatum peel with the highest anti-cancer action versus A549 with an
IC50 of 124.16+1.93 pg/ml at concentration 500 pg/ml. In addition to silver (Ag),
which had a moderate antitumor role versus A549 cells with an 1C50 of
264.16+2.10, CaO had a weak anticancer impact with an 1C50 of 314.10+1.10
pug/ml, which decreased the number of colonies of both tested cell lines in the
colony formation assay in comparison to the control (untreated group) in which
cells appeared in the irregular shape, diffracted, multiple dents formed on the
treated cell surface, cellular rounding up, shrinkage, and loss of cell adhesion [51].
The anti-cancer effect and toxicity of Ag/CaO nanoparticles via the colon cancer

cell line increase with increasing concentration, as shown in figure (13).

Table 5. Anticancer impacts versus A543 cells of various levels (0-500 pg/ml)

Samples codes Ag/Cao Ag CaO Control
Concentrations | Viability | Toxicit Viabili | Toxici Viabili | Toxicit Viability | Toxicit
(ng/ml) % y ty %o ty ty y % % ¥
% % % %
500 5.86 97.19 4.86 | 95.66 4.86 92.24 4.86 99.14
250 18.94 84.06 15.94 | 82.06 17.94 | 80.06 20.90 88.06
125 47.03 59.97 45.03 | 54.97 57.03 | 4297 60.03 50.9
62.5 89.12 14.88 85.12 | 10.88 81.12 | 29.88 95.12 30.87
31.25 98.41 1.59 98.41 1.59 98.41 0.59 98.49 0.59
15.6 100 0 100 0 100 0 100 0
0 100 0 100 0 100 0 100 0
ICso(ug/ml) ‘ 124.16£1.93 264.16+2.10 314.16+2.10

of various treatments where outcomes are recorded as means+ SD).
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Figure (12): Microscopic observation of the cell lines treated with the compounds
various: control (A); Ag/CaO (B); Ag (C); and CaO (D) via stereomicroscope
(Magnification=400X).
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Figure (13): Relationship between concentration and cell toxicity (%o).
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Conclusion

The results prevailed that Ag/Cao NPs, which had been prepared by using Punica
granatum peel, had a promising effect on the colon cancerous cell line and
antimicrobial activity against bacteria and fungi. Also showed high conversion
efficiency at 95% (10 sec). Recent investigations pointed out the successful roles
of green synthesized nanoparticles to combat microbes used in a variety of ways
to reduce infections and eradicate bacteria on food packaging, medical processes,
and water treatment by damaging the membranes through their association or
interacting with DNA and biomolecules, which leads to inhibition of cell
multiplication and forming reactive oxygen species via their interacting with
enzymes and/or biomolecules that cause cell damage or destruction. In addition,
environmental research is influenced by the circular economy, which seeks to
create sustainable resources from waste. For possible uses to lessen significant
financial losses. Camel bone is sustainable resource for catalyst material that

lessens the need for conventional chemical catalysts which may be eco-friendly.
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