Mohamed Bilal Goudjil et al.
Phyto-Assisted Synthesis of Bio-Functionalized Ag/Ag20O Nanoparticles, Characterization,
Optical and Their Potential Anti-Oxidants Activities

Phyto-Assisted Synthesis of Bio-Functionalized Ag/Ag,O
Nanoparticles, Characterization, Optical and Their

Potential Anti-Oxidants Activities

Mohamed Bilal Goudjil"*, Fatma Zohra amar Ayachi* , Souad Zighmi** , Zineb
Mahcene?

'Applied Sciences Faculty, Process Engineering Laboratory, Ouargla University, Ouargla 30000,
Algeria

*Applied Sciences Faculty, Engineering Laboratory of Water and Environment in Middle
Saharian Laboratory, Ouargla University, Ouargla 30000,Algeria
3Sciences of the nature and life Faculty, Protection of Ecosystems in Arid and Semi-Arid Zones

Laboratory, Ouargla University, Ouargla 30000, Algeria

*Ouargla University, Applied Sciences Faculty, Process Engineering Department, Ouargla
30000, Algeria

*Correspondence : E-mail*: goudjil.bilal@univ-ouargla.dz,
ORCID iD:https://orcid.org/0000-0001-8125-4405
Received :13-06-2023 Accepted :03-01-2024 Published : 31-01-2024

Abstract :

In this study, green synthesis of silver/ silver oxide nanoparticles (Ag/Ag.O NPs) was achieved
by bio-reduction of silver nitrate using Mentha Piperita plant leaves extract.The effect of different
silver nitrate concentrations on the formation ofsilver nanoparticleswas studied. The obtained
nanoparticles were characterized using UV-Vis, FT-IR, XRD, and SEM techniques. The antioxidant
activity of samples was evaluated using three methods: the DPPH test (2,2-diphenyl-1-1-
picrirylhydrazil), the FRAP (Ferric reducing antioxidant power) and TAC (Total Antioxidant
Capacity) test. UV-Vis spectra showed maximum absorption in the range of 253-300 nm related to
the silver. FTIR spectra exhibit a weak peak at 565 cm™ attributed to silver NPs vibration,
confirming the nanoparticles formation. The X-Ray Diffraction (XRD) analysis confirmed the
crystalline nature of (Ag/Ag.0O NPs) with an average size ranged in 31-42 nm. SEM showed that the
green synthesizing silver nanoparticles having in general as cubical shape. Among the examined
extracts, (Ag/Ag,O NPs) with 1g concentration showed the highest antioxidant activity with value
of 2.749, 21.60 and 18.69 mg/ml for DPPH, FRAP and TAC tests respectively. Consequently, the use
of peppermint leaves extract offers a convenient, rapid, cost-effective, and environmentally
friendly alternative to other methods. The research findings from the various assays measuring
antioxidant capacity clearly demonstrate that the silver nanoparticles produced by M. Piperita
possess potent natural antioxidant properties that are beneficial for preserving health.
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1. Introduction

Medicinal plants are both a finished product for consumption and a raw material for obtaining
bioactive substances that are at the origin of several modern medicines due to their richness in
secondary  metabolites, especially phenolic compounds with beneficial  biological
properties.Currently, the emergence of nanotechnology, which refers to the production at the
nanometric scale (1 to 100 nm) of materials or products of controlled sizes and structures, is the
consequence of the appearance of new physicochemical properties more advantageous and
unique physicochemical properties that differ greatly from other materials due to the small size of
the charges. These performances have contributed to radical changes in various fields of

technology and science [1].

Plant products find imperative use in the synthesis of nanoparticles (NPs). Silver(Ag) is the metal
of choice among noble metals for potential applications in biological systems, organic matter and
medicine [2-6].

Among the plants with important pharmacological potentialities, Mentha piperita which is
widely spread and used in Algeria. Their biological activities are closely linked to their richness in

active substances, which they contain such as phenolic compounds.

In order to better understand the interest of bioactive substances of Mentha piperita, it seemed
useful to us to undertake this present work which deals with the synthesis of silver nanoparticles

using the extract of this plant.

In this study, green synthesis method was used which have emerged as a quick and simple
approach to synthesis, inexpensive, environmentally friendly and cost-effective. we prepared
silver nanostructures using different weight of silver nitrate directly in leaf extract solution and

investigated their structural, morphological, optical, and antioxidant properties.
2. Materials and methods
2.1.  Preparation of the leaf extract:

The plant material that is used during the realization of this work consists of Mentha
Piperitaleaves species collected in March 2023 in the region of Tiaret (Western Algeria)
coordinates (N 35.362222 °E 1.285555 °). Fresh leaves were subjected to a shade drying process

at room temperature for a duration of 5 days, followed by crushing to obtain a finely powdered
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form. The extract was prepared by putting 40g of powder’s leaves with 400ml of distilled water
in a 500ml glass beaker. In addition, magnetic stirring at 350 rpm and heating at a temperature
of 90°C is carried out for 1 hour. The extract was filtered using a filter paper (Whatman No: 2)

and stored at 4°C for further use.
2.2.  Synthesis of Silver nanoparticles by Mentha Piperitaextract

Silver nanoparticles were synthesized by a modified protocol from previous researches [4, 7, 8].
Briefly, by adding with four different weight (0.1, 0.6, 0.9, and 1g ) of the silver nitrate (AgNos)
to the 100 ml leaf extract in a 250 ml flask. AgNPs were immediately obtained with the
reduction process. For one hour, the mixture was continuously stirred at 75 C. The transition
from bright yellow to dark brown is an indication that silver nanoparticles are forming. The
reasonable mechanism of silver nanoparticles formation may be due to the reduction of silver

ions that takes place together with the phenolic compounds in theM. Piperita leaf extract.
2.3.  Characterization of silver nanoparticles

Several techniques have been used for the characterization of silver nanoparticles such as:
UV-Vis, FT-IR, XRD and SEM and EDX.

2.3.1. UV-Visible Spectroscopy

The device is the HACH DR6000 UV-Vis spectroscopy, which operates in the wavelength range
of 190 to 1100 nm. The samples were analyzed in a quartz cell. Thespectrophotometer enclosure

was thermostated at 25°C and distilled water was used as the reference solvent.
2.3.2. FTIR Spectroscopy

This technique was used to identify the functional groups present in a sample as well as the
bonds developed after the formation of silver nanoparticles. The powder of silver nanoparticles
prepared from leaf extract was deposited in the ATR (Attenuated Total Reflectance)

spectroscopy.
2.3.3. X-ray Diffraction (XRD)

The structure and grain size of AgNPs were examined by XRD techniques using Xray
diffractometer (BTX-716) with a Cu-Ka (k = 1.5406 A" ) in 20 range of 5-70,whereas X-ray was
generated with 30 kilovolts andat 20mA.

2.3.4. Scanning Electron Microscopy (SEM)

The surface morphology of all studied samples was observed by EVO-15 SEM (EVO 15, ZEISS,

Germany) using an acceleration voltage of 15 kV supported with an energy dispersive X-ray

Spectroscopy (EDX).
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2.4. Antioxidant Activity
2.4.1. Free radical scavenging effect

The DPPH test (diphenyl picrylhydrazyl) is a widely used method in the analysis of the antioxidant
activity. This method is utilized to evaluate the scavenger effect of the leaf extarct of plant and
Ag/Ag,O Nps against DPPH radical was according to literature [9, 10],with some modifications
(samples diluted in absolute ethanol). 1 ml of sample at different concentrations diluted in ethanol
were added to 1 ml of the DPPH solution prepared at 0.4 mM in ethanol. After 30 min of
incubation in the dark, the absorbance reading at 517 nm; The mixture of 1 ml of the DPPH
solution and 1 ml of ethanol is taken as control product. The reduced level of these molecules by

DPPH is expressed in percentage according to the following formula:
Ay — A
0fs — 0 e
% = ( / Ao) x 100

In which Ay is the absorbance of the control reaction and Ae is the absorbance of the Sample.

As for the inhibitory concentrations (ICs), they are calculated from the curves of linear regression.

Tests were carried out in triplicate.
2.4.2. Ferric reducing power

The iron reducing activity of samples was determined according to the method described by
Oyaizu [11]. A volume of 2.5 ml of phosphate buffer (0.2M, pH 6.6) was added to a 1 ml of
various concentrations of Leaf extract and Ag/Ag20O NPs. 2.5 ml of potassium ferricyanide are
added after it (1% ). The mixture was stirred, then incubated for 20 minutes at 50°C. Then, 2.5
mL of 10% trichloroacetic acid was added to the mixture, which underwent a 10 minute
centrifugation at 3000 rpm. After that, 0.5 mL ferric chloride (0.1%) and 2.5 mL of distilled
water were added to this mixture, and it was violently stirred. At 700 nm, the absorbance was
finally measured. Ethanol was used to dilute the samples. Similar to the extracted sample, a blank
sample is made by substituting ethanol, which is used to calibrate the instrument (UV-VIS
spectrophotometer). The ECsy value, which was calculated by interpolating using linear
regression analysis, is the effective concentration at which the absorbance was 0.5 for reducing
power [12]. Increased absorbance of the reaction mixture indicated an increased reducing power

[13]. The tests were conducted in triplicate.
2.4.3. Total antioxidant activity (TAC)

The total antioxidant capacity (TAC) of the extracts is evaluated by the phosphomolybdenum
method[14]. It is based on the reduction of molybdatesMoOs#  to
MolybdenumMo(V)MoO?ions in the presence of extracts, giving a green color detectable by
UV-visible light at a wavelength of 695nm.
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A volume of 0.2ml of each ethanoic extract is mixed with 2ml of reagent solution (0.6M sulfuric
acid, 28mM sodium phosphate and 4 mM ammonium molybdate). The tubes are screwed on
and incubated at 95° C. for 90 min. After cooling, the absorbance of the solutions is measured at
695 nm in comparison to a blank that has been incubated under the same circumstances as the
sample and includes 2 ml of the reagent solution and 0.2 ml of ethanol. The effective
concentration that lowers molybdenum to an absorbance of 0.5 is known as the ECso value. It is

obtained using interpolation from the linear regression analysis.
Results and discussion

Mentha Piperita-mediated synthesis of Ag/Ag,O NPs is more advantageous than chemical and
physical synthesis because it is a clean, non-toxic, cost-effective, and environmentally friendly
approach. In addition, Mentha Piperita is widely available in nature, making it a preferable plant

material for industrial scaling up [15-18].

Phytochemical analysis of Mentha piperita leaf extract revealed that they contain polyphenols,

flavonoids, tannins, and saponins [19-21].

The color shift of the solution from yellow to dark brown in less than an hour is the most
significant visual observation during the reaction. The production of Ag/Ag,O NPs is clearly
indicated by the brown color. Based on this evidence, a possible mechanism for Ag** reduction

and Ag/Ag,O NPs formation were proposed using Mentha piperita leaf extract.

During synthesis, plant leaf extracts that rich in polyphenol content are employed as bioreducing
agents. The reduction process consists of transforming Ag?* ions into Ag’. The Ag® represented by
the AgNDs is transformed into Ag/Ag,O NPs after annealing in the incinerator at 500°C for 2h
[22].

2.5.  UV-visible Spectroscopy

UV-Vis spectra of Ag/AgO nanoparticles synthesized using a peppermint extract are shown in
Fig. 1. As can be seen in this figure, a maximum absorption peak is presented from the interval of
253 to 300 nm which gives a clue that silver/silver oxide nanoparticles may be formed [8,
23].Moreover, the strong absorption peak can be caused by the collective oscillation of the

electrons in the free conduction band which is excited by the incident electromagnetic radiation.

Furthermore, as seen, the samples' absorption intensity increased as the silver concentration
increased. This shows that the amount of nanoparticles produced as a result of silver ion

reduction has increased[24-26].
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Fig. 1. UV—Vis absorption spectrum of Silver nanoparticles synthesized.
2.5.1. Estimation of the optical band gap:

Generally, the estimated optical energy band of a silver nitrate nanoparticle semiconductor (Eg)

can be determined by extrapolation from the absorption band using the Tauc relation (Equation
(I)[27] -
(achv) = A(hv — Ep)" (1)

Where a is the absorption coefficient, A is constant, 4v is the incident photon energy, and n is a
constant depending on the nature of the electronic transition (n = 1/2 for indirect transition, n =
2 for direct transitionas shown in Figure 2) , Eg is the optical band gap energyin electron-volts
(eV), and the exponent n = 1/2 for the direct allowed transition (Figure (2))We obtained the
energy gap from the intersection of the edge of the linear absorption part with the energy axis[28,
29].
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Fig. 2. Determination of optical energy gap tor (a) direct and (b) indirect

bandgapstransition using Tauc’s method.
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Generally, several factors can affect the band gaps of prepared Ag/Ag;ONPs, i.c., crystallinity,
crystallite size, particle size, particle shape and composition [30]. Low band gap energies allow
Ag/Ag;ONPs to absorb the vast majority of the solar spectrum, and direct band gaps give
Ag/Ag,ONPs a large absorption coefficient.

As shown in Table 1, the AgNo3 concentration increases from 0.1g to 1g reflect that both direct
bandgap decreases from 5.29 to 4.98 ¢V, and the indirect bandgap decreases from 2.95 to 2.65
eV. The results are consistent with theliterature review that the bandgap decrease with a increases

in concentration [31-33].
2.5.2. Estimation of the Urbach energy:

The Urbach energy is also known as the Urbach tail and can be detected by the UV-vis spectra.
The highest value of Urbach energy shows lower crystallinity and disorder in Ag/Ag,O NPs. The
Urbach energy E, is derived by taking the mutual values of the slopes of the linear part of In(a) as

a function of photon energy (Fig. 3)[34]

hv
Ina = o, constant (Inay) (2)
25
—— 1g
— 0,99
—— 0,6g
204 — o1g
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£
o
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0,5 4
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Fig. 3. Urbach energy estimate of the silver nitrate nanoparticles synthesized by the extract

of Mentha piperita leaf

The estimated Urbach energy values for the samples are presented in Table 1.The results
indicated thatthe Urbach energy of the Ag/Ag,O NPs slightly decreases from 0.67 to 0.36 ¢V
with the increase in the particle sizeand the increase in silver nitrate concentrations. These results

were explained for Urbach energy due to the effect ofstructural and thermal perturbation.
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Table 1 The values of direct band gap, indirect band gap and Urbachenergy of
thebiosynthesizedAg/Ag:O.

Direct Optical Indirect Optical

Samples band gap (cV) band gap (cV) Urbachenergy (¢V)
0.1g 5.29+ 0.21 2.95+ 0.47 0.66+ 0.58
0.6g 5.12+ 0.37 2.79+ 0.73 0.50+ 0.42
0.9g 5.05+ 0.11 2.70+ 0.23 0.43+ 0.38
1g 498+ 0.17 2.65+ 0.19 0.36+ 0.41

2.6.  Fourier Transform Infrared spectroscopy(FTIR)

The FT-IR analysis was used for both Mentha Piperita leaf extract and synthesized silver
nanoparticles solution before annealing at 500°C  to identify the possible biomolecules

responsible for Ag/Ag,O Nps synthesis.

The study was carried out by FTIR spectrophotometer (Cary670) in the frequency range 4000-
400 cm™ for Mentha Piperitaleaf extract with different spectra of nanoparticles prepared with
different ration (Figure 4). The result of FTIR spectrum exhibited several absorption bands that
correspond to the functional groups of the biomoleculesexisting in the plant extract. Main
absorption peaks were observedat 3300, 2900, 1740, 1606, 1417, 1026 and 565 cm. The
broadband, at 3300 cm™, is due to the OH group stretching vibration. Significant peaks were
observed at wavenumbers of 2960 and 2871 cm™, which can be attributed to the stretching
vibrations of the C-H bonds in the methyl group. The absorption peaks located at approximately
1740 and 1417 cm™ are indicative of the stretching vibrations of the C=C, C-C, and C-O bonds
in the aromatic cycles. Thepeak located at 1026 are assigned to the stretching band of C-O. Weak
bands at 565 cm™ silver nanoparticles solution before annealing indicate to the Ag-O stretching

band of Ag/Ag,O Nps[35-37].

The comparison between the IR spectra of Mentha Piperita extract before and after the addition

of silver nitrate shows that:

A decrease in the intensity of the broad band from 3300 cm™ to 2900 cm™ which represent the
free OH groups in the molecule, , this group reacts to reduce Ag+ in reaction media which leads

to the formation silver nanoparticles according to several authors [38-40]

An appearance of a 1740 cm™ peak is observed corresponding to the(C=0) grouping.
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Also, an appearance peak is observed at 565 cm™ attributed to the Ag/Ag20O Nps binding of

silver nitrate.

Wavenumber (cm™)
4000 3500 3000 2500 2000 1500 1000 500
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Fig. 4. FT-IR spectra of M. Piperita leaf extract and as synthesized silver nanoparticles

solution before annealing with different silver nitrate concentration.
2.7.  Crystal structure and crystallite size

XRD patterns of synthesized AgNPs Prepared using the Mentha Piperita leaf extract and various

concentrations of silver nitrateafter annealing at 500°C are shown in Figure 5.

The diffraction pattern confirms the presence of two crystalline phases, Silver (Ag) and Silver
oxide (Ag>O). The peaks at 28 values of 38.3°, 44.45°, and 63.95° correspond to the crystalline
planes of (111), (200), and (220), respectively, which validate the formation of the face-centered
cubic structure.[41, 42] (ICSD) Card No. 98-005-3759).

The other seven characteristic peaks at 20 values of 26.09°,32.09°, 37.23°, 46.03°, 53.67°, 63.92°
and 67.13° are attributed to the crystal planes of (110), (111), (200), (211), (220), (311) and
(222) which correspond to the face-centered cubic structure of silver(I) oxide[43] ((ICSD) Card
No. 98-017-4092).
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Fig. 5. XRD patterns of Silver/Silver Oxide nanoparticles synthesized

Using the Scherrer formula Eq (3), the average crystallite size of the synthesized nanoparticles

was determined by choosing the peaks at 20 values:

KA
- B cos6

3)

Where D is the crystalline size (nm), B is the full widch at half maximum of the diffraction peak
(FWHM) of the most intense diffraction peak, A the X-ray wavelength (1.5406 A) and 8 is the
Bragg angle of diffraction [44].

Table 2 displays the influence of different concentration on Ag/Ag,O crystallite size. The findings
demonstrated that the concentration ratio has an impact on crystallite size. Noteworthy that the
Ag/Ag,O NPs crystallite size was unaffected by the concentration ratio's increase from 0.9 to 1g.
On the other hand, the crystallite size of Ag/Ag,O considerably fell from 42.52 nm to 34.78 nm

when the concentration ratio increased from 0.6 to 0.9g.

Numerous earlier research [45-47] also revealed that reducing the crystallite size by increasing the

ratio of surfactant (plant extract) was possible.
2.8.  Scanning Electron Microscopy (SEM)

The formation of Ag/Ag;O NPs and their morphological dimensions were studied using the
SEM. Fig. 6 (a—d) exhibits SEM images of the synthesized silver (Ag/Ag,O NPs). It is observed
that most of them are cubic in nature and irregular shaped. Further analysis of silver

nanoparticles, by EDAX, as shown in (Fig.6 (4¢)) its associated data, confirms the presence of
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silver and oxygen, with the weight percentage of about 68.84% Ag and 3.53% O.Results means
that most of the particles formed are specific toAgNPs.
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Fig. 6. SEM images of green synthesized Ag /Ag,O NPs nanoparticles: a) 0.1 g, b) 0.6 g, ¢)
0.9 g, d) 1 g and ¢) EDAX of silver nanoparticles.

2.9. Evaluation of the antioxidant activities

Several techniques were used to evaluate the antioxidant activity. These techniques depend
completely on the reduction capacity or the ability to trap free radicals as an indicator of their
antioxidant potential [48-51]. Three techniques were used to determine the antioxidant activity

of the samples (leaf extract and Ag/Ag,O NPs) in vitro: the scavenger effect against DPPH
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radical, the reduction of iron and the total antioxidant capacity. Results of the antioxidant

activities are summarized in figure 6 and table 2

Table 2. Size and The antioxidant activities of Ag/Ag,O NPs synthesized at different silver

nitrate concentration.

Ag/Ag;O0 NPs antioxidant activities (mg/ml)

Samples ]

size (nm) DPPH ICs, FRAP ECs, TAC ECso
Leaf extract - 7.40+ 1.21 49.94+ 0.93 128.68 + 0.44
0.1g 38.49 + 0.56 7.09+ 0.77 37.69+ 0.81 62.43 + 1.42
0.6g 42.52 + 0.91 6.72+ 0.12 32.91+ 0.61 29.65 + 0.66
0.9g 34.78 + 0.44 4.86+ 1.11 25.90+ 0.38 19.83 £ 1.15
1g 31.96 + 0.17 2.74+ 0.27 21.60+ 0.63 18.69 + 0.21

3.5.1. Scavenger effect of the radical DPPH

DPPH (2,2-diphenyl-1-picrylhydrazil), one of the first free radicals employed to examine the
relation between structure and antioxidant activity, was used to evaluate the antiradical activity.

[52].

It is a stable radical solution that is purple and has a typical maximum absorption at 517 nm.
The standard procedure is based on the disappearance of the maximum when DPPH is decreased

by a chemical with anti-radical abilities, causing the discolouration yellow.

The figure (7 -(a)) below show the effectiveness of the Ag/Ag,O nanoparticles at different silver
nitrate concentration and leaf extract solution to trap the DPPH radical, this efficiency has

resulted in the inhibition rate according to the different concentrations.

The samples' ICso values, also known as the 50% inhibitory concentrations, are calculated and
listed in Table 2. It is described as the sample concentration necessary to produce a 50%
reduction in the initial DPPH solution's absorbance. The scavenger effect's low values, which are

negatively correlated with the ICso, indicate a considerable anti-radical impact [53-55].

The results show that the antiradical power has increased as the concentration of silver nitrate has
increased. The Ag/Ag,O Nps, which was made using 1 g of silver nitrate, appears to be the most
powerful antioxidantwith 2.75 mg/ml concnetration, as compared to other samples, which had

ICs values of 4.86, 6.72, 7.09, and 7.4 mg/ml, respectively (figure 7 (d)).
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3.5.2. Ferric reducing power

Previous research has demonstrated that a compound's reducing capacity might be a useful
predictor of its prospective antioxidant action. Its fundamental idea is based on a compound's
capacity to give an electron.[56-58].The [K;Fe(CN)e] complex contains a ferric ion (Fe®*), which
when reduced to ferrous (Fe?') results in the transition of the yellow ferricyanide of potassium
into a blue color in a reaction medium at 700 nm, the intensity of which is dependent on the

reducing power of the samples.

The results of the Ag/Ag,O Nps reductive activity at different concentration and leaf extract

solution are presented in the curves below (figure 7 -(b)).

As with the antiradical activity, the concentration of the Ag/Ag,O Nps samples has a highly
significant effect on the reducing power. From (figure 7 -(b))., the reducing power is

proportional to the antioxidant concentration. Similar observations have been reported by many

authors [55, 59-61].

The (figure 7 -(d)) indicates that the Ag/Ag,O Nps that used 1 g of silver nitrate in preparation
has a more effective antioxidant activity than that of other samples and leaf extract solution
where the ECs values are 21.6mg/ml. Whereas the leaf extract, 0.9, 0.6 and 0.1 g/AgNo3, gave a
value of 49.94, 37.69 and 32.91mg/ml respectively.

3.5.3 Total antioxidant capacity (TAC)

The in vitro antioxidant effect of our Ag/Ag;ONpsand leaf extract samples was evaluated by
total antioxidant capacity (TAC) method ((figure 7 -(c)).The ECsy value represents the
concentration at which molybdenum is reduced to an absorbance of 0.5. It is determined
through interpolation using linear regression analysis. This value is inversely related to the overall
antioxidant capacity, with lower values indicating a stronger anti-radical effect. Table 2 illustrate
the results of the total antioxidant capacity of different samples at different Silver nitrate
concentration. These results show that all samples show significant antioxidant capacity. The 1g
sample has the best total antioxidant capacity of the order of 18,977 + 7,21 mg/mINPs
compared with the other samples and leaf extract sample.
These results can be explained by the fact that the grain size of Ag/Ag;ONPs and silver nitrate

concentration influence the antioxidant power.

By conducting a comparative analysis of the outcomes from the TAC, FRAP, and DPPH assays,
it can be deduced that the Ag/Ag,O nanoparticles synthesized from 1 g AgNOs3 exhibit robust
antioxidant activity. This finding substantiates the notion that the size of the particles has a

notable impact on their antioxidant potential.In similar studies [62-64], researchers evaluated the
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antioxidant activity of AgNPs, and by comparing the results obtained, we can say that we got
wonderful results.According to the findings of the numerous assays measuring antioxidant
capacity, the silver nanoparticles produced by the M. Piperita are potent natural antioxidants

beneficial for the health preservation due to their antioxidant capabilities.
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Fig.7. The antioxidant activities of the Ag/Ag,O nanoparticlesprepared using Mentha
Piperita leaf extract with different concentrations of AgNO?3: a antiradical activity (DPPH)
; b Ferric reducing power(FRAP); ¢ Total antioxidant capacity (TAC); d ICso and ECsp of

all antioxidants tests.

3. Conclusion

A simple, one-step green approach was devoted for the synthesis of AgNPs.The prepared
Ag/Ag,O NPs product has a cubical structure with an average diameter is 31.96-42.52 nm and
exhibited biologicals activities, which could effectively reduce the oxidatationphenomena and
might have potential applications in a antioxidation. Results showed the variation of the weight
Ag precursor allows us to strictly control the size and shape of the silver nanoparticles, which

could be a potential source for the production of highly efficient antioxidant coatings.
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