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Abstract

Today, environmentally friendly solvent systems and eco-friendly reducing and capping agents have been used to create "Green"
nanoparticles. The goal of the current work was to examine the manufacture of zinc oxid nanoparticles using pomegranate fruit
extract as a reducing agent. In UV-vis spectra, the distinctive surface plasmon absorption peak of zinc at 370 nm served as proof
that nanoscale zinc had formed. Scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDAX), X-ray diffraction
(XRD), and Fourier transform infrared (FTIR) spectroscopy were used to analyze the morphology and crystalline nature of the
produced zinc molecule. Study the chemical composition of the peel extract by GC-MS chromatogram (Phytochemical analysis).
Twenty-one significant peaks and the components matching to the peaks were found in the Punica granatum peel ethanolic extract
used in the current study's chemical composition GC-MS chromatogram (Phytochemical) analysis. The current findings suggest
that Punica granatum includes a number of bioactive ingredients.

Keywords : Pomegranate peel, extraction, , Bio-active compounds, Phytochemical analysis, GC-MS.; Biosynthesis ; and zinc
oxide nanoparticle.

Introduction

The discipline of nanotechnology is expanding daily, having an impact on all aspects of human life, and inspiring an
increasing amount of interest in the life sciences, particularly in the fields of biotechnology and biomedical devices
(Singh et al. 2015; Prabhu et al. 2015). . Nanotechnology is exhibiting significant development in the food business
and is anticipated to increase rapidly in the coming years, despite the fact that it is still relatively new compared to
other fields of application. Nanotechnology is a multidisciplinary technology that can offer a wide range of novel
applications (Rai et al., 2012).

Nanotechnology extends the increases different food items' shelf lives and lessens food waste as a result of microbial
contamination (Pradhan et al., 2015).Using environmentally safe substances as reducing agents rather than possibly
dangerous chemicals has made the green production of nanoparticle metals more advantageous than chemical
synthesis. (Abdeen et al.,2014; Abd Ali, & Shareef (2021).

NPs can be grouped according to their origin and chemical composition. According to their origin, NPs are classified
into three types: (1) natural, (2) incidental, and (3) manufactured NPs (Kendall and Holgate, 2012). According to their
composition, NPs are classified into two types: organic (carbon-containing) and inorganic NPs (metal —containing).

-Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 8 | 2022 m




Mechanisms Despite the fact that the precise mode of action for NPs' antibacterial capability against microbial
infections is not fully understood, it has been observed that NPs can exert their antimicrobial impact either directly or
by generating secondary active agents. Damage to the cell wall or plasma membrane, disruption of metabolic
pathways, oxidation of cellular components, or DNA damage are the main factors that prevent microorganisms from
growing (Kaur et al. 2011; Li et al. 2008). The size, shape, concentration, and interaction of NPs with the target
pathogens all affect how they work as antimicrobials. According to studies, NPs' capacity to penetrate cell surfaces
and, as a result, their antimicrobial activity, improves with decreasing size (Buzea et al. 2007; Padmavathy
andVijayaraghavan 2008; Bera et al. 2014).

Materials and methods

Preparations of aqueous pomegranate extract

The Preparation of aqueous pomegranate extracts was done using the method as described previously (Loo et al.,
2012). Briefly, 1 kg of pomegranate was weighed, washed with distilled water, dried at room temperature, cut in small
pieces, and grounded using blinder. Then, the pomegranate powder (10 gram) was weighed and mixed with 100 ml
of distilled water at room temperature. The solution was heated to boiling point, maintained at that temperature for 5
minutes, and allowed to cool for 2 hours. The solution was then centrifuged at 4000 rpm to separate the liquid from
the solid particles. The liquid was then further filtered using mesh fabrics to remove any remaining particles, yielding
pure liquid extracts, The extracts thus prepared were used immediately

Synthesis of zinc nanoparticles

6.58 g of zinc nitrate was dissolved in 300 mL of double-distilled water to create the 0.1 M zinc nitrate hexahydrate
solution (Zn (NO3)26H20). To achieve complex formation, ten milliliters of the aqueous pomegranate extracts were
gradually added dropwise into the solution while being stirred magnetically at 60 °C for around two hours. After
stirring, the complex was collected and kept in a dark area for 72 hours.. observation of the 72-hour color transition
from reddish brown to dark brown.then centrifuged at 10,000 rpm for 10 min and the pellets were collected. The
separated pellets were kept in airtight vials for future research after being dried in an oven at 80 C for 8 hours. As
opposed to ( Umar et al., 2018). I noticed the hue going from brown to dark brown.

3.4.5 Biosynthesized ZnONPs' Characterization

Utilizing a variety of instrumental approaches, the following characteristics of the produced zinc oxide nanoparticles
(ZnNPs) of agqueous pomegranate abstract were confirmed:

A. Scanning Electron Microscopy (SEM)

The form and size of the biosynthesised zinc oxid nanoparticles (ZnONPs) in the aqueous pomegranate abstracts were
determined using scanning electron microscopy.. An aluminum-coated copper grid and films on the SEM apparatus
were each given one drop of a solution containing zinc oxide nanoparticles before waiting for five minutes. The surplus
solution was then taken off the grid by using blotting paper and drying it. Readings were taken at constant voltage at
magnifications of 5000, 10000, 20000, and 50000, and the succeeding nanoparticles' size appropriation was assessed
using SEM micrographs (Khoshnamvand et al., 2019). This test was carried out at the Science and Technology
Ministry, as were all biogenic ZnO NP characterizations.

B. X-Ray Diffraction Analysis (XRD)

The manufacture and scale of ZnONPs were characterized using the X-ray diffraction analysis, including their size
and crystallinity. After positioning the sample on a glass slide and determining the angle of the Bragg at 2 °, the XRD
measurements were carried out. Centrifugation of the biogenic ZnONPs solution was done for 30 minutes at 10,000
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rpm. The pellet was rinsed three times with 20 milliliters of deionized water. X per Rota Flex Diffraction Meter, Cu
K radiation, = 1,5406 A °, 40.0 kV voltage, 30.0 mA x ray current, continuous scan, range (10,000-90,000 deg), speed
approximately 0.2000 deg / min in 1.20 sec., dried mixture of biogenic ZnONPs, and XRD patterns were captured
(Ojhaetal., 2017). The Debye-Scherrer equation was used to determine the crystallite size for ZNnONPs (Sankar et al.,
2013; Alwan & Al-Saeed 2021). D=KA\/B cos 6

Where; D = diameter of NPs dimension, K = a constant (0.94 is used along with cubic symmetry to harmonize
spherical crystallites), B = Full Width at Half Maximum (FWHM) and 6 (Bragg angle) = the angle of diffraction.

C. UV-VIS Spectrophotometer Analysis

In order to investigate the optical characteristics and stability of nanoparticles, the UV-visible spectroscopy absorption
is essential. After diluting the small aliquot sample in distilled water to determine its concentration, the UV-visible
reduction media spectrum was evaluated to determine the bio-reduction of the biogenic ZnONPs. The surface Plasmon
resonance was measured with a UV-Visible Spectrophotometer (SPR) . between the wavelengths of 200 and 800 nm.
The surface Plasmon particle resonance nanoscale peak characteristics can be seen in the UV-Visible absorption
spectrum (Gauthami et al., 2015).

D. Fourier Transforms Infrared (FTIR) Spectroscopy Analysis

FTIR spectroscopy was used to examine the manufactured zinc nanoparticles (ZnONPs) of pomegranate methanol
bark extract (dry pellet). to categorize the samples’ functional categories using the peak positions at wavelengths
between 400 and 4000 cm-1. Centrifuging the biogenic ZnONPs solution at 10000 rpm/30 min was done for the FTIR
calculations (Tugarova et al., 2018). 20 ml of deionized water was used to wash the pellet three times. After drying,
they were used to look at the biogenic ZnONPs.

Gas Chromatography Mass Spectrum Analysis (GC-MS)

A phytochemical analysis of Punica granatum (pomegranate) peel extract was performed using GC-MS, according to
Pongpuntaruk (2010), Hameed et al. (2015), and Al-Tameme et al. (2015b). There have been numerous
phytoconstituent analyses performed globally using GC-MS technology (Priya et al., 2011). Using Shimadzu GC-
2010 gas chromatography combined with QP2010 mass spectrometer, the components of methanolic extract of
pomegranate juice (Salami variety) were identified. A 30 m glass capillary column with a film thickness of 0.25 m
was used to inject the material into the GC-MS. Using a constant flow rate of 1 ml/min, helium was used as the carrier
gas. Temperatures in the injector and detector were maintained at 250 °C. The temperature range for the GC was 60°C
to 280°C at 15°C per minute. 1:30 split ratio The length of the GC as a whole is 35 minutes. At 70 eV, An MS was
documented. The MS scan settings were a detector voltage of 1.0 kV, a mass range of m/z 40-1000, a scan interval
of 0.5 s, and a scan speed of 1000 amu s1. Utilizing the NIST08, WILEY8, and FAME Libraries databases, chemicals
were identified. A comparison was made between the mass spectra of the particular unknown chemical and the known
compounds kept in the software database Libraries. The components of the test materials' names, molecular weights,
and structures were determined.

4.Results
Preparation and Characterization of ZnO nanoparticles

Visual Observation or Colour Modification of Biosynthesized ZnONPs.

The initial step in improving the manufacture (or creation) of biogenic ZnONPs using aqueous pomegranate extract
is to alter (or change) the color of the particles (ZNnONPs). As a result, the current study's investigation reveals that
when pomegranate abstract was gradually added to the colorless zinc nitrate solution, the color changed from brown
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to dark brown after 72 hours and remained there (Figure 2). This finding suggests that it was successful to fabricate
or synthesize biogenic zincoxide nanoparticles using aqueous pomegranate extract.

Biosynthesis(green synthesis) and characterization of ZNnONPs

The environmentally friendly synthesis of zinc oxide nanoparticles was intended to create ZnONPs from aqueous
pomegranate extract. In the present work, biosynthesized ZnONPs were assessed according to certain standards or
criteria related to their properties, including color modification, SEM, XRD, and UV-VIS spectroscopy

Scanning Electron Microscopy (SEM)

The Scanning Electron Microscope (FE-SEM) is an effective technique for investigating the morphology of a material
and offers useful details on nanoparticle size and shape. Figures (1) of ZnO NPs produced with pomegranate extract
High-roughness agglomerated nanoparticles that are semi-spherical can be seen. The surface morphology of
nanoparticles confirms their agglomerated shape. The SEM picture of the nanoparticles shows that they are
approximately 38.30 nm in size on average. 34.27 nm and 38.30 nm).

P

SEM MAG: 200 kx Det: InBeam i MIRA3 TESCAN  SEM MAG: 100 kx S
WD: 5.20 mm BI: 7.00 200 nm WD: 5.20 mm BI: 7.00 500 nm
View field: 1.04 ym Date(m/dly): 06/15/22 View field: 2.08 ym  Date(m/dly): 06/15/22

Figure 1: Scanning Electron Microscopy (SEM) Shows the  Morphology and Size of Biogenic Nanoparticles
(ZnONPs), different magnifications 200nm and 500 pum .

X-Ray Diffraction (XRD) Analysis

The results of the present investigation offer solid justification for the production of biogenic nanoparticles utilizing
XRD analysis. (Figure 2 ), showed The strong and narrow diffraction peaks indicate that the product has good
crystalline  structure. the results of XRD exhibited four blatant diffraction peaks. at 24
values,12.62,15.013,16.249,19.677,21.262,22.177,23.596,24.803,28.091,31.243,34.056,35.856,39.568,41.352,42.40
9,47.202,56.243,59.373,62.555,66.08,67.647,68.717,73.984and76.806 for ZnONPs .
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Figure 2: X-ray Diffraction Pattern of Biogenic Nanoparticles (ZnONPs).

Ultraviolet-Visible (UV-VIS) Spectroscopy

ZnO NPs' existence was verified by a substantial absorption band with a maximum of 370 nm in the 320—400 nm
range. The absorption peak at 370 nm Figure (3) .
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Figure 3: UV-Vis After 72 hours of incubation, the spectrum of biotic silver nanoparticles was seen.
Fourier Transform Infrared (FT-IR) Spectroscopy

The composition and synthesis of functional groups in synthesized ZnO are revealed by FT-IR. The spectrums of the
samples were identified utilizing at a wavelength range of 4000-400 cm-1, as shown in Figure (4 ). Peaks are observed
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in 3345.89, 2925.48, 1625.7, 1401.03,1076.08,558.291,451.261, and 429.084 cm— 1 . The peak at (3345.89) cm— 1
corresponds to N-H(Amine) bond vibration of amine or amide groups. The lower wavenumber absorption peaks
(429.084) cml and the peak at 2925.48 cm1l are attributed to the C=0 stretch, which identifies the chemical as a
ketones. the peak at (1625.48) cm— 1 corresponding to (C—N) stretching vibrations of aromatic amines. Peak 1401.03
cm-1 correspond to( C-H ) bending in alkanes. the peak at (1076.08) cm-1 and (558.291)cm™ confirm C—X stretching
in alky! halides. Finally, the band at (451.261cm™) and (429.084cm™) were due to C-N-C bending in amines . In order
to produce ZnO, which was seen as bands and an efficient capping agent, the biomolecules in the plant extract are in
charge of reducing zinc ions. This aids in the production of NPs. These findings collectively indicated the presence of
functional groups in the biosynthesized ZnONPs, which is important for their functionalities and applications.
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Figure (4): ZnO-NPs' FTIR spectrum demonstrates that they were successfully made using green synthesis.

GC-MS Analysis of pomegranate Ethyl Acetate Extract

Recent studies have used GC-MS to identify the different components in ethanolic pomegranate extract based on peak
regions, molecular weight, and molecular formula. The relationship between the peak regions and the amount of the
compound in the active band has been established. Based on peak area percentage, retention time, molecular formula,
and molecular weight, GC-MS analysis was utilized in this investigation to identify 21 chemicals. (Table 1,Figur 5).
The major constituents were 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one (9.459), 2-Thiazolamine, 4,5-dihydro
(15.235), 4-Pyrimidinol, 5-methoxy (20.013), 4H-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-6- methyl (21.271) , 2,3-
Dihydrooxazole, 2-t-butyl-3-pivaloyl (22.889 ), Cyclohexane, 1,4-diethoxy-, trans- (23.227) Hexadecaneperoxoic
acid, 1,1-dimethyl-3-[(1- oxohexadecyl)oxy]propyl ester(27.145 ), Hexanedioic acid, dioctyl ester (31.079 ), 3-
Pentanamine, N,N'-1,2-ethanediylidenebis[2,4- dimethyl (33.442), Octadecanoic acid(34.883 ), Hexadecanoic acid,
2-hydroxy-1- (hydroxymethyl)ethyl ester (41.629 ), 9-Octadecenoic acid (Z)-, 2,3-dihydroxypropyl ester (43.371),
Cyclopropylpyrrol4-[3-(1H-imidazol-4-yl)propoxy] phenylmorphomethanone oxime (49.735), Ethanamine, N-ethyl-
N-nitroso (48.215), Pyrimidine, 4-chloro-5-ethoxy-2-methyl- (51.742), Pyrogallol (52.588), 4H-Pyran-4-one, 3,5-
dihydroxy-2-methyl-(55.957 ), 3,7,11,15-Tetramethyl-2-hexadecen-1-01(60.280), Gallic acid(60.615), Punicalin
(61.203) , D-Allose (61.500).
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Figure 5: GC-MS Chromatogram of ethanolic extract of the Punica granatum peel

Table(1 ) Punica granatum Juice ethanolic extracts were used to identify phytochemicals using GC-MS.

Peak R.Time Component Name Area Molecular Molecular
Formula weight
1 9.456 2,4-Dihydroxy-2,5- 0.73 C5H605 146
dimethyl-3(2H)-furan-3-one

2 15.235 2-Thiazolamine, 4,5- 0.44 C6H1203 132
dihydro-

3 20.013 4-Pyrimidinol, 5- 0.16 C5H6N202 126
methoxy-
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4 21.271 4H-Pyran-4-one, 2,3- 6.07 C6H804 144
dihydro-3,5-dihydroxy-6-

methyl
5 22.889 2,3-Dihydrooxazole, 2-t- 0.25 C12H21NO2 211
butyl-3-pivaloyl-
6 23.227 Cyclohexane, 1,4- 0.49 C10H2002 172
diethoxy-, trans-
7 27.145 Hexadecaneperoxoic 1.24 C37H1205 596

acid, 1,1-dimethyl-3-[(1-
oxohexadecyl)oxy]propyl

ester
8 31.079 Hexanedioic acid, 0.63 C22H4204 370
dioctyl ester
9 33.442 3-Pentanamine, N,N'- 1.28 C16H32N2 252
1,2-ethanediylidenebis[2,4-
dimethyl
10 34.883 Octadecanoic acid 0.5 C18H3602 84
11 41.629 Hexadecanoic acid, 2- 0.48 C19H3804 330
hydroxy-1-
(hydroxymethyl)ethyl ester
12 43.371 9-Octadecenoic acid (2)- 0.89 C21H4004 356
, 2,3-dihydroxypropyl ester
13 49.735 Cyclopropylpyrrol4-[3- 0.43 C16H19N302 177

(1H-imidazol-4-yl)propoxy]
phenylmorphomethanone

oxime
14 48.215 Ethanamine, N-ethyl-N- 0.18 C4H10N20 102
nitroso
15 51.742 Pyrimidine, 4-chloro-5- 0.44 C7H9CIN20 172
ethoxy-2-methyl-
16 52.588 Pyrogallol 2.25 C6H603 126
17 55..957 4H-Pyran-4-one, 3,5- 0.32 C6H604 142
dihydroxy-2-methyl-
18 60.280 3,7,11,15-Tetramethyl-2- 0.31 C20H400 296
hexadecen-1-01
19 60.615 Gallic acid 43.25 C6H603 126
20 61.203 Punicalin - 1.05 C16H34B208 376
21 61.500 D-Allose 3.56 C6H1206 180

Discussion
Biosynthesis characterization of ZnONPs.

Recently, the green manufacturing of zinc oxide nanoparticles (ZnONPs) using plant extracts has become increasingly
popular. Metal ions and biological systems have been demonstrated to interact, reducing them into metallic
nanoparticles (Beveridge and Murray,1980 ; Beveridge, et al.,1997). The utilization of these NPs produced through
biosynthesis in various medical applications has been noted in numerous research ( Kumar et al., 2013; Jasim et al.,
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2020).. The current study looks into a successful strategy, a successful technique, for producing ZnONPs using
aqueous pomegranate extract as a starting material. The green synthesis utilized the bioactive component from the
pomegranate extract. in the current work and served considered to be an essential step in the formation of NPs, as a
reducing metal ion and capping agent (Javed et al., 2020).Parveen and Rao (2015) found in their research that the
increased color intensity of incubated NPs was a need for the initial step in the manufacturing of NPs. In the current
investigation, the presence of the bioactive secondary metabolites of pomegranate extract showed the synthesis of
biogenic zinc nanoparticles by the change in color and the persistent hue (darkness). The appearance of this color or
The excitation of surface plasmon vibration is what causes these color changes. in ZnONPs (Kumararaja et al., 2019).
SEM analysis was used to describe the morphology and size of the biogenic zinc oxide nanoparticles (ZnO NPS)
(SEM) Numerous papers have discussed the relationship between surface form and ZnQ's synergistic activity (
Fardood etal .,2017) The size of metallic nanoparticles affects their characteristics and function..Figure (1). In this
instance, our conclusions regarding the size and form of NPS were congruent and comparable to those of others
(Gauthami et al., 2015). Nanoparticle surfaces contain cellular components that serve as capping agents and encourage
aggregation. (Bélteky et al., 2019). The crystalline nature of the biosynthesized zinc oxide nanoparticles ZnONPs,
which are produced as a result of the reduction of metal ions (Zn2+) by the bioactive chemicals included in the plant
extract, is depicted by the XRD pattern (Figure 2).. Additionally, Alsamhary (2020) reported the current large size of
the biosynthesized nanoparticles. The presented XRD patterns are in agreement with previous reports on
microstructures (Ghodake et al. 2010). he crystallites are nanoscale and have a high crystallinity, according to the
sharp peaks. Scherrer's equation was used to estimate the average crystallite size of the produced ZnO nanoparticles
(Shashanka et al., 2020). It was reported that a similar X-ray diffraction pattern observed (Chenn etal .,2011 )and(
Peng etal., 2012).

The Debye-Scherrer equation revealed that the average crystallite size of biosynthesized zinc nanoparticles was 38.30
nm (ZnONPs). This research supports the conclusions made public by Sathishkumar et al ( 2009) .

. Overall, the results of the present investigation and the aqueous pomegranate extract green synthesis according to
the aforementioned key features are regarded as a good approach for manufacturing stable ZnONPs quickly.. Figure
illustrates the visible peak in the UV-Vis spectrum at 370 nm after 72 hours of incubation as hown in Figure ( 3). The
spectrum reveals the typical band-gap absorption of ZnO; this band is also related to the valence excitation of ZnO
nanoparticles (nanocrystalline/nanosphere). The FT-IR data (Figure 4) demonstrated that the NPs of the pomegranate
extract contained a variety of functional groups. Phenols, alcohols, alkanes, alkynes, and aldehydes were the
compounds with these functional groups. Salim and his team reported comparable findings in 2017.. A number of
processes, including electrostatic stability, steric stabilization, hydration force, and stabilization, appear to be used by
the capping agents to stabilize NPs. ( Kalpana, and Rajeswari., 2018).

GC-MS Analysis of pomegranate Ethyl Acetate Extract

Previous studies have shown that the plant portion and maturity stage have an impact on the variety and distribution
of chemicals in pomegranates. According to (Wannes et al.,, 2010) In addition to the experimental design,
environmental factors, genetic effects, ontogeny, variety, and plant components were all taken into consideration.
(Vedashree et al., 2020).Pomegranate (Punica granatum L.) fruit contains abundant bioactive polyphenolic
compounds (Lansky and Newman 2007). Pomegranate (Punica granatum L.) belongs to the Punicaceae family
(Facciola et al., 1990 ; Alfekaik, & AL-Hilfi,. 2016).

Table (1 ) shows the results of qualitative phytochemical screening of 70% ethanolic extract of Pomegranate peels.
contain metabolomes, retention times (RT), percentages, and the area under the peak molecular formula. The
discovered chemicals' GC-MS chromatogram peaks are displayed in ( Figure 5). These metabolomes were recognized
as being associated with various chemical categories.The identity of the compounds present in the sample extracts is
in agreement with previous works (Ulrike et al.,2011;Beatriz et al.,2018)
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Conclusions

1- ZnO NPs are a good contender among other metal oxides because of their noble qualities and appealing traits
that significantly toxicate organisms.

2-“ Due to the growth of eco-friendly technologies in materials science, "green" production of metallic
nanoparticles has drawn more attention.

3- The current work illustrated the use of pomegranate fruit extract in the bioreductive production of nano-sized
zno particles.

Numerous research suggest that ZnONPs could be produced utilizing a green synthesis method that includes a range
of plants, fungi, bacteria, and algae. Furthermore, the research mentioned here show that these substrates, regardless
of their source, serve as reducing and stabilizers or as chelating compounds..
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