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interest due to it is eco-friendly and profitable. Zinc oxide is an inorganic UV-filter commonly
used as UV-blocker in a different industry.

Methods: Zinc oxide nanoparticles (ZnO NPs) were successfully biosynthesized using Zn(NO,),
as a substrate by polyphenol enriched fraction (PEF) of pomegranate peel. The biological
activity of ZnO NPs was evaluated using MBC and MIC tests for antibacterial and DPPH assay
for antioxidant potential. Sunscreen potential of NPs was determined after applying them in

Keywords:

-Green synthesis
-Metal oxide water-in-oil emulsions.
-Nanotechnology Results: UV-Vis and FT-IR spectroscopy techniques confirmed the formation of ZnO NPs.
FE-SEM characterized the morphology and purity of the biosynthesized NPs with EDAX and

XRD data. The average crystalline size of ZnO NPs was found to be 22 nm. FT-IR spectroscopy

-Pomegranate
-SPF

revealed the role of phenolic compounds in the formation and stability of ZnO NPs. The
antibacterial activity of PEF and its biosynthesized ZnO was evaluated against Staphylococcus
aureus and Escherichia coli. The prepared NPs showed a higher antibacterial effect than the
commercial ZnO NPs. Interestingly, the antioxidant activity was also detected for obtained NPs.
The PEF powder also exhibited higher antibacterial and antioxidant activity than the standards.
Furthermore, the in vitro sun protection factors were estimated after applying NPs in water-in-
oil emulsions.

Conclusion: This study highlighted the possibility of using PEF of pomegranate peel for the
biosynthesis of ZnO NPs as well as applying its NPs in sunscreens to achieve a safe alternative to
harmful chemical UV-filters commonly used in cosmetics.

Introduction

Today, many chemicals are applied in sunscreen
formulations as UV-absorber that cause side effects and

green synthesis has advantageous in several ways. Many
studies have been reported biosynthesis of metal oxide

release into the natural ecosystems.' There are two types
of ultraviolet filters: organic and inorganic. Zinc oxide is
an inorganic UV-filters commonly used in personal care
products for different functions such as skin protection
and UV-blocker. Commercially UV-filters are mostly
chemically synthesized using some toxic reagents.” The
growing concerns on environmental pollution have
encouraged the development of a biological approach for
the synthesis of nanoparticles (NPs). In this regard, green
techniques for the synthesis of physical UV-filters such as
TiO, and ZnO has attracted considerable interest. Mainly
due to the worldwide tendency to use natural-based
personal care products.’

Using the agricultural by-products as a precursor for

NPs using natural substances such as fruits,* plants,”*
microorganisms,’ or biowaste.® However, in the technical
scope, using bio-waste is more beneficial due to features
like availability, eco-friendly and cost-effectiveness.

Punica granatum L., commonly known as pomegranate,
is an important agricultural crop widely cultivated in Iran
and some other countries such as India, China, Japan,
Turkey, and the United States. Pomegranate peel is the
non-edible portion of this fruit, which makes up about
40-50% of its whole weight and considered as a waste of
industrial products such as pomegranate juice and sauce.’
The literature survey shows the presence of a considerable
amount of bioactive compounds in pomegranates peels
such as ellagitannins, phenolic acids, polyphenols and
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flavonoids in this by-product that can be exploited for
different purposes.’®!!

Here, the polyphenol enriched fraction (PEF) of
pomegranate peel was used as a cheap and safe alternative
of toxic reagents in the biosynthesis of ZnO NPs. Then,
the physical and chemical characterization of the prepared
NPs in comparison with its commercial counterpart
and the possibility of its application in sunscreens were
investigated.

Materials and Methods

Chemicals and reference compounds

Methanol and MeCN were obtained from Panreac, Spain.
Ethanol from Kimia Alcohol, Zanjan and formic acid, zinc
nitrate and Muller Hinton Agar from Merck company.
Gallicacidand DPPH were purchased from Sigma-Aldrich
Chemicals Co. Commercial ZnO NPs was purchased from
Petroplastic Co. The polystyrene adsorption resin (Diaion’
HP-20), was purchased from Mitsubishi Chemical (Tokyo,
Japan). The bacteria strains were obtained from Pasture
Institute, Tehran, Iran.

Preparation of polyphenol enriched fraction

The dried pomegranate peels were powdered using a
grinder. The obtained powder (500 g) extracted using
ethanol-water (80:20 v/v) by the maceration method for
72 h. The extract evaporated using a rotary evaporator
under vacuum at 40°C to obtain dry gummy residue (120
g). Aliquot of peels extract (50 g) suspended in deionized
water and homogenized by sonication. The obtained liquid
loaded on the Diaion” HP-20 resin column (Mitsubishi
Chemical, Tokyo, Japan) (70 cm x 8 cm) and washed with
water (5.0 L) and ethanol (5.0 L). The ethanol fraction
evaporated by rotary evaporator and freeze-dried (22.1
g) called a polyphenolic enriched fraction (PEF). The
obtained powder stored in the refrigerator for the next step
and analyses with HPLC. The extract was analyzed with
waters liquid chromatography equipment consisting of a
2695 Separations Module (USA), an autosampler equipped
with a 100 pl loop and Photodiode Array Detectors (PDA)
using a RP-C18 column. The solvent system used a mixture
of MeCN+0.1% formic acid (A) and H,0+0.1% formic
acid (B), the following gradient was applied: 2% (A) in 20
min; 2% to 10% (A) in 5 min; 10% to 20% (A) in 20 min;
20% to 100% (A) in 15 min; 100% (A) in 10 min; all process
take time about 66 min, the flow rate was 0.4 ml/min and
the injection volume was 20 ul. The UV absorbance was
measured at 254 nm.

Synthesis of ZnO NPs

The amount of 85 mg of the PEF powder was completely
dissolved in 10 ml deionized water and dispersed into the
190 ml solution of 0.2 M zinc nitrate under continuous
stirring at 60°C for 2 h to complete the reaction. Then
the pH of the reaction solution was adjusted on 6 when
a precipitate appeared in the vessel. The yellow-colored
precipitate was collected by centrifugation at 6000 rpm

for 15 min and washed thoroughly with deionized water.
The product was dried at 80°C followed by calcination
at 400°C for 2 h to completely converted Zn(OH), into
ZnO NPs.* Finally, an opaque white pelt was obtained and
ground to produce fine ZnO powder. The prepared ZnO
nanopowder called PEF-ZnONPs and was used for further
characterization for their optical and nanostructural
properties.

Characterization of zinc oxide NPs

The optical absorption spectrum of ZnO nanopowder was
obtained using a UV-Vis spectrophotometer (Shimadzu,
UV-2501PC) in the range of 200 to 700 nm. Fourier
transform infrared (FT-IR) spectra were established for the
analysis of functional groups using an FT-IR spectrometer
(Tensor 27, Bruker). The prepared ZnO NPs were
homogenized with KBr in a ratio of 1:100 and pellets were
prepared for the FT-IR measurements. The IR spectra of
PEF powder and commercial ZnO NPs (US-NANO) were
also analyzed with the same method. The purity and grain
size of the dried powder of ZnO NPs was evaluated by the
X-ray diffraction (XRD) method operating with Cu Ka
radiation in wavelength A = 0.15406 nm over the scan range
of 20 = 1-80". Morphology of the PEF-ZnO NPs, along
with the elemental analysis (EDXA), was demonstrated via
Field Emission Scanning Electron Microscopy (FE-SEM)
(MIRA3 TESCAN).

The average crystalline size of the biosynthesized ZnO NPs
was calculated by using The Debye Scherrer’s formula as
follows:

kA

D:
Pcosb

Eq. (1)

In which D is the mean crystallite size, K is the Scherrer
constant equal to 0.93, A is the X-ray wavelength was used
(1.5406 A), B the full width at half- maximum (FWHM) of
the considered peak and 0 is the Bragg angle."

Antibacterial evaluation

Antibacterial properties of biosynthesized and commercial
NPs, as well as PEF powder, were tested by serial dilution
method using two standard strains of Gram-positive
(Staphylococcus aureus, ATCC 1431) and Gram-negative
(Escherichia coli, ATCC 1390) bacteria. Suspensions of both
ZnO NPs along with PEF powder of pomegranate peel were
prepared in deionized water. Afterward, a serial dilution
from 0.125 to 32 mg/ml for each sample was prepared in
sterile Muller Hinton broth medium using a 96-well plate.
After 24 h incubation at 37 °C, the lowest concentration
of samples that prevents the growth of the pathogens was
recorded as Minimum inhibitory concentration (MIC).
Those concentrations with inhibition performance in the
MIC test were transferred to fresh nutrient agar media for
MBC (minimum bactericidal concentration) screening.
All treatments exposed for 24 h at 37 °C. The lowest
concentration of samples from which the bacteria do not
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grow on the surface of culture media was considered as
MBC value." The results were compared with a commonly
used antibiotic Ampicillin.

Radical scavenging activity

The antioxidant potency of both NPs along with PEF
powder of pomegranate peel was evaluated by DPPH assay.
Different concentrations (4, 12, 20, 40, 80, 140, and 240 pg/
ml) of all samples were prepared in a 96-well microplate
and exposed to 40 pg/ml methanolic solution of DPPH
(2,2-diphenyl-1-picrylhydrazyl). The same concentration
of methanol and DPPH was used as the control without
any NPs or extract. Gallic acid was served as a positive
control. The reactive solutions were left in the darkness at
room temperature for 20 min. Then, the absorbance at 517
nm was taken using a microplate reader (Epoch12, Bio Tek,
USA). All of the experiments were performed in triplicate.
The percent antioxidant activity of different samples was
calculated as follows:!

Ac— As
%100

DPPH scavenging activity (%) =
Ac Eq. (2)

Where Ac refers to the absorbance of the control, and As is
the absorbance of the sample.

The antioxidant capacity of each sample was estimated in
terms of IC, using a nonlinear regression algorithm. IC,|
or Inhibition Concentration is defined as the concentration
of an antioxidant required to led to a 50% inhibition of the
DPPH radical absorbance.”

Preparation of emulsion

For preparing the emulsion, 5 ml of almond oil and distilled
water heated at 45 °C separately. Then, 1.5 g beeswax was
melted and homogenized with the oil phase. Distilled
water was gradually added to the oil phase under stirring
for approximately 30 min. Different samples were added
to the water phase. The resultant emulsions were left at
room temperature to solidify. Four water-in-oil emulsions
were prepared to contain 5% (w/w) of PEF powder of
pomegranate peel or commercial/green synthesized ZnO
NPs.

In vitro SPF assessment

The basic emulsion without ingredients was used as control.
The sunscreens photoprotection factor (SPF) was estimated
by measuring the spectrophotometric absorbance of a film
of each emulsion. An amount of 1.3 mg/cm? of samples was
manually spread over the surface of a transport tape placed
on a quartz slide and left to dry in the dark for 30 min. Then,
the absorption spectrum of the samples was determined
between 290 and 320 nm with three repetitions using
Shimadzu UV-2501PC spectrophotometer.'*!” Then, SPF
values were calculated according to the following equation:

SPF = CF x 3. 300 EE(2) x I(4) x abs(2) Eq. (3)

In which, CF is the correction factor (=10), EE(M), the
erythemal effect of spectrum; I (A) the intensity of solar
spectral irradiance; abs(A) is the absorbance of samples.'®
UV-A protection of emulsions was determined by
calculating the ratio of mean UVA1 (340-400 nm) values
to total UV (290-400 nm) absorbance curve of samples
according to the FDA method described by Wang et al.”
Briefly, the ratio close to one (>0.95) is considered as the
highest UV-A protection.

Statistical analysis

The results are calculated as the average + SD of three
replicates (Average +SD; n = 3). One-way analysis of
variance (ANOVA) was carried out to determine the
significant differences among treatments followed by
Student-Newman-Keuls (S-N-K) posthoc test at 95%
confidence (P<0.05) using SPSS software (SPSS 22). IC_|
values were calculated using the slope equations of the
dose-response curves (Y=a+bX).

Results and Discussion

Spectrophotometry

The application HP-20 Diaion resin for treatment of
hydroalcoholic extract of pomegranate peel allowed
obtaining polyphenol enriched fraction (PEF).**?' The
HPLC-UV analysis of PEF represented in Figure 1. The
reaction progress of PEF with the zinc nitrate solution was
monitored using a UV-Vis spectrophotometer. The optical
absorption spectra of the reaction mixture were recorded
at a concentration interval of 1, 20, 30, 40, and 50 ml of
PEF solution. Figure 2a depicted the rapid biosynthesis of
ZnO NPs immediately after adding more PEF solution.
This can be attributed to the rapid and more production of
ZnO NPs. All the spectra showed two absorption maxima
on the spectrum in 257 and 320 nm (Figure 2a). These
results are in agreement with Talam et al.** that reported
two absorption bands at about 258 and 355 nm on the
absorbance spectra of ZnO NPs.

Additionally, the UV-Vis absorption spectrum of obtained
PEF-ZnO nanopowder showed a sharp absorbance peak
at 370 nm (Figure 2b), which is highly specific for ZnO
NPs. Elumalai and Velmurugan (2015), reported the
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Figure 1. HPLC-UV chromatogram of PEF at 254 nm.
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Figure 2. (a) UV-VIS spectra of reaction development of PEF of
pomegranate peel in the solution of Zn(NO,),. (b) Comparison of
UV-Vis spectrum of PEF of pomegranate peel, PEF-ZnO nanopar-
ticles, and the commercial ZnO nanoparticles.
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same absorption peak for the green synthesized ZnO NPs
using Azadirachta indica (L.).* The intense absorption
at the wavelength of 370 nm is due to the transitions of
electrons from the HOMO to the LUMO molecular
orbital level.”® Aminuzzaman et al. and Ali et al. also
recorded the absorption peak of 370 and 375 nm for their
biosynthesized ZnO NPs, respectively.** The UV-Visible
spectra of PEF of pomegranate peel, PEF-ZnO NPs, and
the commercial ZnO NPs, in an aqueous suspension were

101

100
002

Absolute intensity (a.u)
=
S

(-]
o

8

k

compared in Figure 2b. The PEF of pomegranate peel
showed a maximum wavelength in the UV-A region of
365 nm. According to the literature, phenolic compounds
exhibit adsorption in the range of 320-380. The spectra of
PEF-ZnO NPs, and the commercial ZnO NPs, revealed the
same absorption peak at 370 nm (Figure 2).

X-ray diffraction

Figure 3 presented the phase and crystalline structure of
biologically synthesized PEF-ZnO NPs detected by X-ray
diffraction measurements. The diffraction pattern showed
intense peaks at 20 values of 31.71, 34.37, 36.21, 47.51,
56.56, 62.81, 67.93, and 69.1 proves the good crystalline
nature of NPs and corresponds to (100), (002), (101), (102),
(110), (103), (112) and (201) plane, respectively for ZnO
(Figure 3). All of the diffraction peaks are confirmed the
spherical and hexagonal structure of biosynthesized PEF-
ZnO NPs when it was compared with JCPDS card No. 89-
7102.%%” Besides, the narrow and strong diffraction peaks
of the spectrum confirm the crystalline nature as well as
the high purity of biologically synthesized PEF-ZnO NPs
(Figure 3). The average crystal size of the biosynthesized
and the commercial ZnO NPs was further found to be 22
and 17 nm, respectively from their XRD line broadening
measurement using Debye-Scherrer formula.

FT-IR analysis

FT-IR analysis was carried out to identify the possible
functional groups involved in biosynthesized zinc oxide.
The FT-IR spectra of PEF of pomegranate peel and
biosynthesized PEF-ZnO NPs in the range of 400-4000
cm™ are presented in Figure 4. The broad peak at 3409
cm™ corresponds to the -OH group of absorbed water
and phenolic compounds. The main absorption peaks in
the PEF of pomegranate peel that shifted in PEF-ZnO NPs
spectrum detected between 1000 cm™ and 1730 cm™. The
band at 1725 cm’!, probably related to -OH stretching of
carboxyl groups.”® Likewise, the peak at 1611 cm™ can be
due to the presence of C=C stretching vibration of aromatic
rings® and C=O vibrations of amides and carboxylic
groups. Moderate absorption peaks in the region of 1449-
1500 cm™" could be related to vibration of C-H in CH, and
CH, groups, flavonoids and aromatic rings. The band at
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Figure 3. XRD pattern of biologically synthesized ZnO NPs using PEF of pomegranate peel.
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1321 cm™ demonstrated the presence of C-O stretching
in acid group. The peak at 1178 cm™ could be attributed
to C-O stretching and -OH deformation of primary
alcohols. The absorption band at 1036 cm™ is probably
corresponded to primary and secondary alcohols and to
C-O group of polyols, such as hydroxyl-flavonoids or to
C-O stretching ester group. Weak peaks obtained at 871
and 751 cm™ could be related to aromatic ring vibration.”
Phenolic compounds and gallic acid have been reported
as major components of pomegranate peel by Singh et
al”® In this study, the FT-IR spectrums indicate that the
phenolic groups play an important role in the synthesis
process and formation of PEF-ZnO NPs. The presence of a
new sharp peak at 438 cm™in the FTIR spectrum ascribing
the formation of the zinc-oxygen bond of PEF-ZnO NPs
(Figure 4a). Generally, the peak in the range of 400 to 600
cm™ is attributed to Zn-O stretching vibrations.***'

FESEM and EDAX analysis

Field emission scanning electron microscopy (FESEM)
in different magnification ranges was performed to
visualize the topology and the mean size of ZnO NPs.
Figure 5 demonstrated the spherical morphology and
agglomeration of commercial ZnO NPs with the average
size of 33 nm in comparison with biosynthesized PEF-ZnO
NPs with uniform distribution and particle mean size of 31
nm, possibly to reflect less agglomeration in biosynthesized
NPs. The agglomeration occurred probably during the
process of precipitation and drying. The obtained PEF-
ZnO NPs are smaller than the biosynthesized ZnO NPs
(40 nm) from the leaf extract of Azadirachta indica (L.)
reported by Elumalai and Velmurugan.” Santhoshkumar
et al? also reported the average size of 70 nm for their
green synthesized ZnO NPs using Passiflora caerulea fresh
leaf extract.

The morphological properties of shape, size, and
crystalline form of NPs relay on various factors such as
preparation methods, precursors and organic ligands
(usually in the form of surfactants). In the reaction

3 8 &

Transmittance (%)
& 3
v

3500 3000 2500 20'00 15'00 1o'oo st'Jo

Wavenumber cm =1
Figure 4. FT-IR spectra of (a) PEF of pomegranate peel, and
(b) ZnO NPs synthesized from that. The arrow indicates the new

sharp peak at 438 cm™ which is corresponded to zinc-oxygen
stretching mode.
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Figure 5. FESEM micrographs of commercial ZnO NPs (above)
vs. PEF-ZnO nanoparticles (below) in two different magnification.

solution, ligands (surfactant) strongly affect the growth
of the NPs. Generally, stronger chelates with metals will
result in smaller particles.” The plant phytochemicals with
antioxidants or reducing power usually play an important
role in the synthesize of metal and metal oxide NPs by
inducing oxidation and reduction reaction.”” Pomegranate
peel enriches a variety of polyphenols such as ellagic
tannins, ellagic acid and gallic acid.?® Phenolics possess
hydroxyl and carboxyl groups, able to interact with the
zinc surface and form chelation with Zn?* via chemical
adsorption. Ultimately, heating and calcination of obtained
powder led to the cleavage of Zn-phytochemical chelate to
form nano zinc oxide.”*

Energy-dispersive X-ray analysis (EDXA) of the
synthesized nanoparticle (Figure 6) shows that the
obtained PEF-ZnO NPs was composed of zinc and oxygen
with no impurities which was in good agreement with the
X-ray diffraction measurements.
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Figure 6. EDX analysis plot of ZnO NPs synthesized using PEF
of pomegranate peel. The unlabeled peak originated from Au
element used for coating samples.
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Table 1. Antibacterial activity of ZnO nanoparticles (mg/ml).

Bacteria Ampicillin PEF of pomegranate peel PEF-ZnO NPs Commercial ZnO NPs
MIC MBC MIC MBC MIC MBC MIC MBC

S. aureus 0.12 0.21 0.015 0.5 0.12 <8 0.25 <8

E. coli 0.24 0.41 0.031 8 0.12 <8 4 <8

Antibacterial evaluation of ZnO NPs

Antibacterial activity of PEF of pomegranate peel, PEF-
ZnO NPs and commercial ZnO NPs was determined
by MIC and MBC methods against S. aureus and E. coli
bacterial strains. Interestingly, PEF of pomegranate peel
showed potent antibacterial inhibition against both test
bacteria (<0.03 mg/ml). The growth of both bacterial strains
was inhibited entirely at 0.12 mg/ml concentration of PEF-
ZnO NPs. In contrast, commercial ZnO NPs prevented the
growth of S. aureus and E. coli at a concentration of 0.25
and 4 mg/ml, respectively (Table 1).

The results of antibacterial activity were in accordance
with previous researches that reported zinc oxide as
bacteriostatic at the low concentration and bactericidal
at high concentrations.” These also agreed with previous
studies that reported Gram-negative bacteria is more
resistant to antimicrobials that might be related to their
outer membrane. Generally, the antibacterial effect of zinc
oxide NPsdepend on morphology, size,and concentration.*
Two possible mechanisms were suggested to explain the
inhibition of bacteria, namely, ROS generation on the
surface of this metal oxide and interaction of zinc with the
cell wall of bacteria through adhesion of ZnO NPs.***” Liu
et al.*® published the FESEM micrographs of E. coli that
showed the attachment of ZnO NPs on the bacterial surface.
They assumed that the NPs reacted with the cell wall and
damaged it, causing inhibition of the growth or death of
pathogens. Ann et al.*® also reported the same results for
S. aureus which has exposed to ZnO NPs. However, the
antibacterial properties of PEF-ZnO NPs may not entirely
come from the metal ion. It may also be related to the
natural antibacterial agents of the PEF of pomegranate peel
remained through green synthesis. Based on literature, the
biomaterial can increase the antibacterial effects of NPs.*

Antioxidant activity

In this study, the antioxidant potential of PEF of
pomegranate peel and PEF-ZnO NPs was compared with
commercial ZnO NPs. DPPH assay is an in-vitro method
commonly used to estimate the ability of antioxidants to
neutralize free radicals. DPPH is a stable free radical that
canacceptan electron and reduce to its nonradical form a,a-
diphenyl-B-picryl hydrazine in the presence of hydrogen
donors. The reduction process caused the decolorization
of DPPH solution from deep purple to yellow which can
be measured spectrophotometrically. The decrease of
absorbance at 517 nm was calculated and detected as a
capacity of DPPH scavenging activity of samples."**! In
this study, PEF of pomegranate peel showed the highest
IC50 value of 9 ug/ml, followed by gallic acid (40.31 ug/ml)

and PEF-ZnO NPs (294.3 pg/ml). Meanwhile, commercial
ZnO NPs showed no antioxidant activity in any of the
concentrations. To the depth of our knowledge, there is
no report on the antioxidant activity of synthetic chemical
NPs. As depicted in Figure 7 the antioxidant activity of PEF
of pomegranate peel was significantly higher than that of
gallic acid as a standard at all concentrations. However,
PEF-ZnO NPs showed moderate antioxidant power at high
concentrations. Thus the results prove that PEF-ZnO NPs
would contain natural antioxidant agents through green
synthesis. The antioxidant potential of green ZnO NPs has
been previously reported by Stan et al.*’

Singh et al.** observed that different extracts of pomegranate
peels and seeds have the ability to reduce the DPPH radical.
Pomegranate extract is a rich source of polyphenols such
as Ellagic acid and anthocyanidins which are known as
powerful antioxidant agents.* These metabolites may also
act as reducing agents in the synthesis process of ZnO NPs.

In vitro SPF assessment

Figure 8 displays how the SPF values differed significantly
between the samples. The emulsion containing only PEF
of pomegranate peel showed SPF of 3.42, which is in good
agreement with the UV-VIS spectrum (Amax=365 nm)
of this powder (Figure 2). Moreover, the high phenolic
content and antioxidant power of the PEF powder could
indirectly contribute to the photoprotection by capturing
and inactivating reactive oxygen species. The emulsion
containing commercial ZnO NPs obtained the highest SPF
value (9) followed by the emulsion of green synthesized
PEF-ZnO NPs (7.5). It can be attributed to the different
granulometry of NPs. Fe-SEM and XRD results showed
that the average size of green synthesized ZnO NPs (22
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Figure 7. Radical scavenging activity of PEF powder and its bio-
synthesized ZnO NPs in compare with Galic acid using the DPPH
method at different concentrations.
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Figure 8. SPF values of commercial (Co.)/green synthesized
(PEF) ZnO NPs in comparison with the basic emulsion and the
original materials used for the synthesis.

nm) is larger than the commercial ones (17 nm). Optical
properties strongly influenced by size and shape.”
Thus, the photoprotection results can be attributed to
the different granulometry of both NPs, especially after
applying in the emulsion. Generally, the absorption curve
is expected to blue-shifts with a decrease in particle size.*
However, it should be noticed that UV-filters in personal
care products can be effective when they remain on the
surface of the skin. Generally, a decrease in particle size
increases the chance of cellular uptake of the particles.
Although the granulometry of PEF-ZnO NPs, in this study,
resulted in less SPF value in comparison with commercial
ZnO NPs, it will cause more stability on the surface of the
skin leading to better protection. Furthermore, properties
such as better antioxidant and antibacterial activity, along
with less toxic by-products during the synthesis process,
are the benefits of the prepared NPs in comparison with its
chemosynthesized counterpart.

Interestingly, UV-A protection of both NPs got the same
high score according to the FDA method described by
Wang et al.”” However, the ratio of green synthesized ZnO
NPs was slightly higher (0.94) than commercial ZnO NPs
(0.92) (Table 2). It is known that the method of synthesis
determines granulometry and consequently, the optical
properties of the particles.*?

Due to the abundance and availability of pomegranate peel

Table 2. The ratio of UV-A protection in different emulsions
containing commercial/green synthesized ZnO NPs and PEF of
pomegranate peel.

The present study Ratings"’
Samples UVA1/total UV  Ratio Rating
PEF powder 0.78 204 Low
PEF-ZnO NPs 0.94 204 Medium
. 20.7 High
Commercial ZnO NPs  0.92
>0.95 Highest

as agro-waste, mass production of polyphenol enriched
fraction is practically possible. This subtle, water-soluble
powder exhibited higher antibacterial and antioxidant
activity than the standards (Figure 7, Table 1). So, it can
provide not only a cost-effective and eco-friendly source
as a precursor of green synthesis, but also can directly use
in cosmeceuticals. The obtained PEF-ZnO NPs could be
effectively used in the cosmetics and food industry and
also can address future medical concerns. Using the PEF of
pomegranate peel for the biosynthesis of other metal oxide
NPs is recommended.

Conclusion

The spherical ZnO NPs with an average diameter of 22
nm were successfully biosynthesized using a polyphenol
enriched fraction of pomegranate peel. The morphology,
purity, and quality of biosynthesized PEF-ZnO NPs were
highly comparable with its commercial counterpart and it
also exhibited good antibacterial and antioxidant activity.
Moreover, evaluation of sunscreen potential of PEF-ZnO
NPs in water-in-oil emulsions showed SPF and UV-A
values of 7.5 and 0.94, respectively. These results open
the possibility to apply pomegranate waste materials
in sunscreen productions and design a safe alternative
to harmful chemical precursors currently used for the
synthesis of metal oxide NPs.
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