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Abstract 

There is great research interest in synthesizing nanomaterials using environmentally friendly methods due to the 
many applications of these materials in several fields. In this paper, a facile and green chemistry method was used 
to synthesize silver nanoparticles (AgNPs) using the Egyptian propolis as reducing and capping agent. Different 
parameters such as aqueous propolis extract quantity, pH, reaction time, and temperature were investigated to get 
the optimal conditions for synthesis of AgNPs. When aqueous silver nitrate solution is mixed with aqueous 
propolis extract, the silver ions are rapidly reduced, resulting in the production of extremely stable, crystalline 
silver nanoparticles in solution. The biosynthesized silver nanoparticles were characterized using different 
techniques (FTIR, XRD, Zeta potential, TEM, SEM, and EDX). The sizes of the as synthesized silver 
nanoparticles were 9.43 and 11.39 nm, according to TEM and XRD analysis, respectively. A negative Zeta 
potential of -8.8 mV were obtained suggesting stabilization of the AgNPs colloidal solution. The antimicrobial 
activity of biosynthesized silver nanoparticles against Staphylococcus aureus and Escherichia coli was examined 
and showed a synergism between propolis and AgNPs as expected for gram-negative bacteria Escherichia coli 
while there was no effect for the extract at the concentrations used. The results proved that biosynthesized AgNPs 
using Egyptian propolis is promising to be an effective antimicrobial product to be used in infections. 

Keywords: Biosynthesis; Silver nanoparticles; Propolis extract; antimicrobial; AgNPs.  

1. Introduction 

Nanomaterials are critical in the development of 

potential sustainable technology for humankind. The 

green chemistry method of nanoparticles synthesis by 

biomaterial substances connects between 

nanotechnology and biotechnology. This branch of 

chemistry; green chemistry, uses biomaterial 

substances for the bio-reduction of metal ions into 

their elemental form in the size range of 1–100 nm 

and it is known as green nanoparticle synthesis. 

Green synthesis is more reliable, faster, and cost-

effective, and it can be easily scaled up to handle 

larger operations [1, 2]. 

Nanoparticles have major uses in a variety of 

industrialized goods such as paints, plastics, metals, 

ceramics, and magnetic articles. A significant part of 

nanotechnology is the development of nanoparticles 

with unique properties for different applications. 

 

Physical and chemical approaches are not as pure, 

nontoxic, or environmentally friendly as biosynthesis 

of nanoparticles (metal, metal oxides, and metal 

composites). Instance, one of the aims of green 

nanoparticle synthesis is to reduce waste and 

incorporate sustainable processes. To achieve this 

aim, green processes that use mild reaction conditions 

and nontoxic precursors have been emphasized in the 

production of nanomaterials in recent years in order 

to promote environmental sustainability [1, 3]. 

Metal-based nanoparticles are now synthesized 

from a variety of plant components, including leaves, 

roots, flowers, and seeds, for a variety of applications 

[4]. For long time and recently, many researches have 

shown that biological extracts can be used, 

effectively, as a non-hazardous precursor for the 

synthesis of nanomaterials. Several nanoparticles, 
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such as cobalt, copper, silver, gold, palladium, 

platinum, zinc oxide, and magnetite, have been 

successfully synthesized using plants [2, 5, 6].  

Silver is a lustrous, soft, white element with a high 

electrical and thermal conductivity that is found in a 

transition column with Copper and Gold. It was well-

known that silver has its medical and therapeutic 

advantages before the discovery of infectious 

microbes. Silver is used in a variety of ways, 

including tokens, solutions, vessels, foil, sutures, and 

colloids such as lotions, unguents, and so on. Because 

of their appealing physicochemical properties, silver 

nanoparticles play an important role in biology and 

medicine research. Silver contained products have 

long been known to have significant inhibitory and 

broad antimicrobial activities. They have been used 

to prevent and treat a variety of diseases, most 

notably infections. So, researchers have been paying 

close attention to synthesis and applications of nano-

silver because of their exceptional protection against 

a wide variety of microorganisms [7–11]. Because of 

its rapid, eco-friendly, non-pathogenic, economical 

protocol and provision of a single step technique for 

biosynthetic processes, the use of biomaterials as the 

production assembly of silver nanoparticles has 

attracted interest [12]. 

The resinous material obtained by honeybees from 

different plant sources is known as propolis (bee 

glue). It is produced by bees through mixing 

collected tree buds with bee saliva, pollen, and 

wax[13,14]. The name propolis originated from the 

Greek words “pro” means "at the entry to" and 

“polis” means "place", so the whole word "propolis" 

refers to a substance that protects the hive. Early 

beekeepers have known that propolis comes from a 

plant. Propolis' chemical diversity is determined by 

its plant origin. The chemical composition of bee 

glue is determined by the uniqueness of the local 

flora at the collection site, as well as the geographic 

and climatic characteristics of that location. More 

than 300 compounds have been found in propolis 

[15–17]. Resins (50 %), bee wax (30%), aromatic and 

essential oils (10 %), bee pollen (5%), and various 

organic compounds such as polyphenols, flavonoids, 

amino acids, vitamins, some alkaline earth materials, 

transition elements and micronutrients make up the 

majority of Propolis [18–20].  

Egyptian propolis, according to the findings, has a 

complex chemical composition with just a few 

groups of chemicals identified. Phenolics seemed to 

be the primary constituents of Egyptian propolis 

(phenolic acids, their esters and flavonoids), 

Scheme1. 

  

However, the quantities of phenolic acids in Egyptian 

propolis were lower than those of their esters, as 

found in European samples.  

 
Scheme 1 

 

Populus nigra is thought to be one of the most 

plant sources of Egyptian propolis in Egypt. The 

presence of pentenyl caffeates and characteristic 

flavanones, as well as significant quantities of 

phenolic acid esters is due that [21]. The 

antimicrobial activity of propolis collected from four 

governorates in Upper Egypt was investigated against 

Staphylococcus aureus, Escherichia coli, and Candida 

albicans, and it was discovered that all propolis 

samples inhibited the growth of all bacteria tested, 

though the amount of inhibition varied depending on 

the propolis area [22]. In New Zealand and Egyptian 

propolis, caffeic acid phenethyl ester (CAPE) is a 

major bioactive component. CAPE has anticancer, 

anti-inflammatory, antioxidant, and other 

pharmacological properties [23,24]. Amira and 

Hiroshi also conducted a study on Propolis, which 

revealed that using bee products as an alternative 

therapy for COVID-19 may have positive outcomes 

[25]. 

The present research work aims to biosynthesis of 

AgNPs and study its applications as antibacterial 

agents. Moreover, we take advantage of the 

distinctive characteristics of the Egyptian propolis, 

which differs from the rest of the propolis over the 

world by virtue of the geographical location and the 

feed of the bees. In addition to combining the extract 

of this Egyptian propolis in an optimal way with 

silver precursor (AgNO3), it was obtained the 

antimicrobial activity of AgNPs. 
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Experimental aspect: 

2.1. Materials: 

Commercial propolis belongs to Alwahat area-Egypt 

was collected from the market. Silver nitrate 

(AgNO3), sodium hydroxide (NaOH) and sulfuric 

acid (H2SO4) were purchased from Sigma Aldrich 

Chemicals. The Deionized water (DIW), ethanol, and 

HCl were all of analytical grade. 

2.2 Characterization: 

A Shimadzu Ultraviolet Spectrometer 2700 was 

used to record the absorption spectra to monitor and 

achieve the optimal synthesis of silver nanoparticles. 

To classify the potential biomolecules responsible for 

the reduction of Ag nanoparticles and capping of the 

bio-reduced nanoparticles, FT-IR analysis was 

performed at room temperature using a Nicolet 6700 

FTIR spectrometer. 

To study the thermal stability of biosynthesized 

Ag nanoparticles, thermo-gravimetric analyses were 

performed from 33 to 8000C with a heating rate of 

10°C/min using a LabSys EVO Setaram 1600 

thermal analyzer. X-ray diffraction analysis of Ag 

nanoparticle crystalline growth was performed using 

a Bruker D8 Discover diffractometer equipped with a 

Cu microfocus X-ray source (1.5406nm) and a 2-

dimensional Vantec 500 detector. On a glass slide, a 

drop of the nanoparticle suspension was deposited 

and dried. The measurements were taken with a step 

scan of 0.0052 in a 2-theta range of 5° to 80°. The 

data analysis was performed using the program 

Diffrac.Eva (Bruker). 

To investigate the stability of the biosynthesized 

AgNPs and the degree of electrostatic or charge 

repulsion/attraction between the AgNPs, Zeta 

potential was measured using Nicomp 380 DLS/ZLS 

apparatus. 

TEM analysis was carried out using a JEOL 

GEM-1010 transmission electron microscope with a 

70 kV accelerating voltage to identify the particle 

size and the shape of AgNPs. A drop of a solution 

containing the particles was deposited on a copper 

grid and dried by allowing water to evaporate at room 

temperature.  

To obtain qualitative information of elements in 

silver nanoparticles, EDX (FEI Quanta FEG 450) 

was used, which is one of the most practical, rapid, 

and suitable analytical methods for multi-element 

determination. As well as, nanostructure and 

morphology images of AgNPs were taken using 

scanning electron microscopy SEM (FEI Quanta 

FEG 450) system. 

2.3 Preparation of propolis extract: 

In order to obtain an extract from Egyptian 

propolis, 0.5 g of propolis powder was added to 100 

ml deionized water. The mixture was heated and 

stirred at 600C for 30 min using hot plate with 

magnetic stirrer. Then the extract was cooled to room 

temperature and filtered with Whitman paper No.1 

and stored at 4oC for further use. 

2.4 Silver nanoparticles preparation: 

An aqueous silver nitrate solution (10-3 M) was 

prepared by dissolving 0.017g of silver nitrate in 100 

ml of deionized water. The biosynthesis of silver 

nanoparticles using propolis extract were carried out 

at different conditions such as the extract 

concentrations, the pH of the reaction solution and 

the reaction temperature to get the optimal 

conditions. To study the effect of Propolis extract 

quantity, a certain volume of the propolis extract (0.1 

ml to 2 ml) was added to 1mL of AgNO3 (10-3 M) 

solution and the volume was adjusted to 10 ml with 

de-ionized water. The final concentration of Ag+ was 

10-4 M. The reduction process of Ag+ to Ag0 

nanoparticles was followed by the change in the color 

of the solution depending on the extract 

concentration. 

To demonstrate the effect of pH, the mixture of 

1mL of AgNO3 and optimum volume the aqueous 

propolis extract was completed to 10mL with 

deionized water, and the pH was adjusted to pH 

(3,4,5,7,8 and 9) using NaOH and H2SO4.  

To study the effect of temperature, the mixture of 

1ml of AgNO3 aqueous solution with the optimum 

volume of propolis extract and DI water at the 

optimum pH value was prepared at different 

temperatures (25, 35, 45, 55, 65, 75 and 85°C).  

To determine the optimum reaction time, two 

samples were prepared. The first sample was 

prepared by mixing an optimum volume of propolis 

extract and aqueous solution of silver nitrate at 

normal pH value, and the second sample was 

prepared with the optimum values of extract quantity, 

pH, and temperature.  The reaction time was 

examined for the biosynthesis of silver nanoparticles 

over a period of time of 70 minutes. The formation of 

silver nanoparticles, in all above experiments, was 

monitored using UV-Vis spectrophotometer. 

2.5 Anti-microbial experiment design: 
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The antimicrobial activities of the samples tested 

were studied on Mueller–Hinton agar plates by Agar 

diffusion technique against Gram-positive (S. aureus) 

and Gram-negative (E. coli) bacterial strain. 

Nitrofurantoin (300 µg/ml) was used as the standard 

antibacterial agent. The antimicrobial effect of Ag-

NPs was tested at concentration of 0.5mg/ml and as 

optimal prepared sample. Mueller–Hinton agar plates 

seeded with 1.8×108 cfu/mL (0.5 OD600) of the test 

bacteria. Following 24 hrs incubation at 37 °C, plates 

were examined for the presence of inhibition zones. 

The inhibition zones surrounding the wells were 

measured (mm) considering only halos >6 mm. 

Inhibition zones obtained are the mean of three 

replicates for each experiment [26].   

 

3. Results and Discussion 

3.1-UV-Visible spectrophotometer results: 

UV–Visible spectra of the prepared nanoparticles 

were recorded to determine the surface Plasmon 

resonance (SPR), band of the AgNPs. From the 

position, width, and shape of the SPR band a 

qualitative idea concerning the shape and size of 

nanoparticles can be obtained. The color of the 

solutions changed from light yellow to yellowish-

brown to deep brown as the extract content rises, 

implying silver nanoparticle formation as the surface 

Plasmon resonance (SPR) of AgNPs is 420–458 nm 

[27]. 

 

3.2.1 Effect of propolis extract quantity: 

The absorption spectra of the extract and 

biosynthesized silver nanoparticles were recorded 

against deionized water. The absorption spectrum of 

the 1 ml extract showed a maximum at 276 nm and 

shoulder at 366 nm due −* and −* transitions, 

respectively. 

Figure 1, shows the UV–visible spectra show the 

synthesis of silver nanoparticles at a constant AgNO3 

concentration (1×10-3 M) with different quantities of 

the extract. The increasing of extract concentration 

from 0.1ml to 2ml causes an increase in the formation 

of AgNPs. The peak of absorbance was blue shifted 

from 438nm to 426 nm. This means that the AgNPs 

mean diameter has slightly decreased in particle size. 

These results are in agreement with previous reports 

of biosynthesis of silver nanoparticles [28, 29].  

 

3.1.2 Effect of pH: 

The effect of pH on the formation of silver 

nanoparticles is shown in Figure 2. At pH 3, there 

was no SPR peak observed, while a clear SPR peak 

characteristic for the AgNPs started from pH 4. As 

the pH was further increased from 4 to 8, the SPR 

peak rises and become somewhat sharper and slightly 

shifted and then falls at pH 9 or higher. Moreover, at 

higher pH conditions, all absorbance spectra depicted 

a single sharper peak around 434 nm, illustrating the 

formation of regular spherically shaped AgNPs [30] 

which was further confirmed by TEM studies. 

Furthermore, the brown color of the nanoparticles 

was observed shortly after the AgNO3 was mixed 

with the extract. These observations manifest the 

efficient reduction of silver ions in the presence of 

hydroxide ions (OH−) due to increased pH. Prior 

research has shown that changing the pH of reaction 

mixtures can affect the size and shape of 

biosynthesized nanoparticles. The capacity of the 

reaction pH to alter the electrical charges of 

biomolecules, which may affect their capping and 

stabilizing abilities and, as a result, the growth of 

nanoparticles, is a significant influence. The 

formation of silver nanoparticles in the basic medium 

is predicted to be greater than in the acidic medium 

[31]. In comparison to other pH values, the 

absorbance curve became more narrow and reached a 

maximum value at pH= 8. This leads to the 

conclusion that the size of nanoparticles is decreased, 

which may be due to decreasing particle aggregation 

due to full charging of the clusters, which maximized 

repulsive electrostatic interactions [32].  
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Figure 1: a) Effect of propolis extract quantity on 

biosynthesis of AgNPs; b) The photo of 

biosynthesized AgNPs. 
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Figure 2: The effect of pH on biosynthesis of silver 

nanoparticles. 

3.1.3 Temperature effect: 

The UV–visible spectra of silver nanoparticles 

prepared at various temperatures are shown in Figure 

3. It can be shown that as the temperature rises, the 

absorbance rises as well. This experiment suggests 

that increasing the temperature of the reaction 

mixture will speed up the slow rate of AgNPs at 

ambient temperature. The formation of small AgNPs 

was allowed by increasing the reaction temperature, 

which resulted in an accelerated reduction rate of 

Ag+ ions and subsequent homogeneous nucleation of 

silver nuclei. The results in Figure 3 show that the 

efficiency of silver nanoparticles synthesis was 

highest at 75 0C. Further increase did not change the 

absorption maximum, while there is small blue shift  

indicating smaller nanoparticles size is predictable 

[27,33].  

It is noted that the maximum absorbance at room 

temperature was at 428 nm and almost no change in 

the spectra in the extract region. However, this range 

is disturbed by changing solution pH and temperature 

during synthesis. The effect of increasing the pH to 8 

and temperature to 750C is reflected on the time of 

reaction which decreased to 11 min at optimum pH 

and temperature.  
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Figure 3: The effect of temperature on biosynthesis of 

silver nanoparticles. 

3.1.4 The Reaction Time 

The energy of heating is well known for speeding up 

the reaction of a mixture. This was demonstrated in 

these studies, as shown in Figure 5. The reaction 

between Ag+ and the reducing material in propolis 

extract was studied. Figure 5(a)&(b) display the UV–

visible spectra of silver nanoparticles as a function of 

time after adding 2 ml of propolis extract into 1 ml 

AgNO3. The absorbance range with SPR at 444 nm 

gradually increased as the reaction time was 

increased, and the color intensity increased with the 

duration of incubation. As the reaction time went on, 

the amplitude of the SPR peak increased, indicating 

higher silver nanoparticle concentrations. This means 

that the silver nanoparticles made using this green 

synthesis process are very stable and do not 

agglomerate. The time of incubation was estimated at 

room temperature and 75 0C. It is observed that the 

maximum absorbance at 75 0C was in 11min [33, 34] 

and one hour at room temperature.  
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Figure-5: The reaction time of biosynthesis silver 

nanoparticles at room temperature (a) and at optimum 

condition (pH=8 and 65 0C) (b) 

3.2 XRD analysis 

One of the utmost significant evidence for the 

creation of Ag nanoparticles is the X-ray diffraction 

patterns. As these AgNPs combine with each other 

during crystallization to form a cube-system crystal.  
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Figure 6 depicts the X-ray diffraction patterns of 

dried Ag nanoparticles synthesized at 35 0C using 

propolis extract and at pH 8. The XRD results of 

Ag/extract revealed that silver nanoparticles have a 

face-centered cubic (fcc) structure. The 111, 200, 

220, 311, and 222 crystallographic planes are also to 

be attributed to the XRD peaks at 2θ of 38o, 46.16o, 

64.98o, and 77.56o. These planes and angles of XRD 

of Ag-NPs were compared with diffraction card 

PXRD Reference Number 00–029–1493. The effect 

of the extract is shown in broadening the background 

of XRD patterns. The peaks at different positions, 

which is due to bioorganic compounds presented in 

the extract and some impurities due to the presence of 

traces of transition metal ions in the aqueous propolis 

extract [27, 35, 36].  

As can be seen from the XRD pattern, Ag-NPs made 

with propolis extract were basically crystalline. The 

average nanocrystalline size was calculated using the 

well-known Debye–Scherrer formula, D= k/cosθ, 

where D is the crystal size, k is a constant and equals 

unity,  is the X-ray source wavelength (0.1541 nm), 

 is the full width at half maximum (FWHM), and θ 

is the diffraction angle corresponding to the lattice 

plane (111) [37].  

The average crystallite dimension, measured using 

the Debye–Scherrer equation, is 9.43 nm. Whereas 

the average nanocrystalline over the lattice planes of 

AgNPs is 13.09 nm. From these data, it is noted the 

agreement between XRD results and TEM results 

regarding particle size 
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Figure 6 XRD patterns of biosynthesized AgNPs at 

35 0C, pH 8. 

3.3 FT-IR analysis 

For the AgNPs and propolis extract, the FTIR 

analysis showed many distinct bands (Figure 7).  

The FTIR spectrum showed band at 3369 cm-1 

corresponds to hydroxyl groups (O–H), was 

attributed to the presence of flavonoid and phenolic 

compounds in the propolis extract [38]. The bands at 

2927 cm-1 and 2851 cm-1 were corresponded to the 

symmetrical stretches of CH3 and asymmetrical 

stretches of CH2, respectively, suggesting the 

existence of long-chain alkyl compounds in the 

propolis extract [39]. These absorptions bands were 

correlated or associated - with waxes residues of the 

extract [40]. The absorptions bands at 1701 cm-1 

(C=O), 1614 cm-1 (C=C), 1454 cm-1 (aromatic C–H) 

and at 1365 cm-1 (aromatic C–O), were associated 

with the presence of flavonoids. The profile of 

infrared spectrum obtained for the propolis extract 

studied, was very similar to the previous data 

published for propolis from other origins [41,42]. By 

comparing these two spectra, it is noted that the 

phenolic hydroxyl groups (O-H), which is predicted 

to be responsible for bio-reduction of silver nitrate, 

was shifted from 3369 cm-1 (propolis extract) to 

3357cm-1 (AgNPs) [43,44]. While there is no shift in 

C=C groups could be detected, the aromatic C–O 

exhibit a considerable shift from 1365 to 1388 cm-1.   

 

Figure 7 FT-IR spectra of propolis extract and capped 

AgNPs. 

 

3.4 Thermogravimetric analyses:  

In figure 8, the biomolecules that capped the surface 

of Ag nanoparticles was further illustrated with TGA 

analysis. There are two forms of weight loss with 

rising temperature, according to the 

thermogravimetric analysis curve. The first is sudden 

weight loss over a small temperature range (37 % 
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weight loss) ranging from 87 to 162 0C. The adsorbed 

water molecules and possibly the flavonoid groups 

that envelop the silver nanoparticles are responsible 

for the weight loss at these temperatures. The 

flavonoids group decomposes in the range of 

temperature between 50 to 150 0C [45]. 

 

 Figure 8 The TGA analysis of biosynthesized 

AgNPs. 

 

The second step is a steady and gradual loss of 

sample weight that begins at 220 0C and ends at 624 

0C. The organic compounds in the extract degrade 

during this period, including phonolic group (in the 

range of 150 to 3500C) [46], which is also one of the 

materials that capping nanoparticles. This second 

type of weight loss accounts for 17% of the total 

sample weight. 

3.5 Zeta potential 

The zeta potential is the charge at a short distance 

from the surface of the particle. Zeta potential is 

analyzed by applying an electric field to the 

suspension and measuring the speed and direction of 

the particle motion. The primary result from a zeta 

potential measurement is the electrophoretic mobility 

μ which is then used to calculate the zeta potential 

using the equation: 

 = µ/ε 

Where,  is zeta potential,  is the viscosity of the 

AgNPs solvent, µ is the electrophoretic mobility, and 

ε is the dielectric constant of the AgNPs solvent [47]. 

To evaluate the average size, size distribution, and 

possible aggregation, zeta potential, of AgNPs, a 

simplified optical diagram of the Nicomp system is 

used. Figure-9 is the zeta potential of biosynthesized 

silver nanoparticles.  

 

 

Figure 9  Zeta potential (a) and the size distribution 

by number (b) of biosynthesized AgNPs. 

The size distribution results show that the particles 

size using this method or Z-average of ~ 100 nm was 

so large and this value is larger than that measured by 

TEM or XRD. This is due that DLS gives the 

hydrodynamic radius while TEM gives the actual 

size. As well, DLS measures the size distribution that 

differentiates from TEM, i.e., it increasing mistake of 

measuring the large particles due to their much 

stronger scattered light intensity. So, the size 

obtained from TEM will be the actual size of silver 

nanoparticles [48]. The increase of the dynamic size 

may be due to the increase of the bio-organic from 

the extract on the surface of the AgNPs.  

The zeta potential of biosynthesized AgNPs was 

determined, and the results indicate that the 

nanoparticles' surfaces are negatively charged (-8.8 

mV) and well distributed in the medium. The 

particles with zeta potential values between +30 and -

30 mV are considered to be in a stable suspension 

[49]. 

3.6 SEM and EDX measurements: 

A scanning electron microscope (SEM) was used to 

examine the morphology of silver nanoparticles made 

with propolis extract (Figure 9). The product consists 

primarily of non-uniform shapes of sphere-like 

shapes, as shown in a typical SEM picture. These 

shapes were crammed in close proximity to one 

another. Moreover, closer examination with a high 

resolution showed that the size of silver nanoparticles 

is between 8.3 and 40.1 nm. 
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The chemical composition of biosynthesized silver 

nanoparticles using the propolis extract was obtained 

using energy-dispersive X-ray spectroscopy (EDX) 

(Figure 10). Silver's strong signal was obtained at 

energy of 3.87 keV, as well as some of the weak 

signals from Na, Cl, K, O, Mg, and Al, were obtained 

at energy of 0.43 keV. The elemental weights in the 

nanoparticles show that silver has the highest value 

(67.85%) and can be classified correctly. 

 

Figure 10 SEM and EDAX data of biosynthesized 

AgNPs 

 

3.7 TEM measurements: 

In Figure 11, a representative TEM image of silver 

nanoparticles synthesized by Egyptian propolis is 

shown. The silver nanoparticles are relatively 

uniform in diameter and spherical in shape, according 

to the TEM picture. The particles' average size was 

determined to be 11.39 nm and this value agreed with 

the reported value for silver nanoparticles synthesized 

using propolis, previously [50,51] and in agreement 

with the size obtained from XRD calculations of the 

AgNPs that ranged between 9.43 nm to 13.09nm. 

It was observed that the particle size measured from 

TEM measurements is smaller than that obtained 

from dynamic light scattering measurements. This is 

because the particle size, in dynamic light scattering 

measurements, is greatly increased by contributions 

from capping agents as well as solvation effects. 

 

 

Figure 11 TEM image of biosynthesized AgNPs. 

 

3.8 Anti-microbial activity of AgNPs: 

The antimicrobial efficiency of propolis varies 

greatly depending on the extraction procedure of the 

crude material and the solvents used in this process. 

Juga found that the highest extraction efficiency of 

flavones and flavonols (21% w/v) was obtained when 

80% ethanol while water appeared to be the least 

efficient extraction medium, resulting in extracts 

containing only around 0.6%, w/v, of flavones and 

flavonols. This is attributed to the rather poor 

aqueous solubility of those compounds. Previous 

studies for antimicrobial activity of the propolis 

aqueous extract used higher concentrations of the 

extract (10g/20 ml at 60 0C for 7 h) [52][53]. 

All of silver ions, AgNPs, and propolis have long 

been known to have potent antimicrobial properties 

[16,54]. The antibacterial activity of AgNPs against 

S. aureus and E.coli using AgNPs as prepared and 

dried nanoparticles as well as the extract is shown in 

Table 1. Silver nanoparticles have no effect on S. 

aureus. AgNPs have the highest antimicrobial activity 

against Escherichia coli, according to the findings. As 

compared to the previous study [55], this value 

indicates that biosynthesized Silver nanoparticles 

with Egyptian propolis gave more antimicrobial 

activity against these E.coli [56, 57].  Because the 
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propolis extract was in such a low concentration 

(0.5g/100ml), it had no effect on bacteria. 

The main role of silver nanoparticles' antibacterial 

activity on microbes has yet to be identified, but it 

could be related to the mechanism of Ag+ ions action 

toward bacteria or microbes, in which the 

accumulation of silver NPs from the aqueous solution 

saturates the cell's enzymes and proteins gradually. It 

has been suggested that silver nanoparticles have 

three antibacterial mechanisms. The first mechanism 

is the adhesion of nanoparticles to the cell wall, 

which prevents the growth and reproduction of 

bacteria, and this leads to disruption of the function 

of the cell wall in protecting the inner part of the cell. 

Second mechanism, modifying the normal 

development of nucleic acid, silver nanoparticles 

enters into the bacterial cell, causing cell death or at 

least DNA damage. Third mechanism, the bacterial 

cell wall is irreversibly disrupted by the engagement 

of Ag+ ions with sulfur-containing proteins in the 

cell wall. When testing antimicrobial activity, this 

proposed mechanism was also concluded as the 

primary antibacterial mechanism [58–61].  

Silver nanoparticles antimicrobial activity is 

influenced by various factors, including particle size, 

shape, surface charge, and morphology. Because of 

the structure of the bacterial cell wall, nanoparticles 

can penetrate into the nuclear content of bacteria, 

inactivating DNA and enzymes and causing cellular 

death, particularly in gram-negative bacteria [62,63]. 

 

Figure 11 Antimicrobial activity tests of 

biosynthesized AgNPs and propolis extract. 

 

Table 1:  Inhibitory effect of biosynthesized silver 

nanoparticles using Egyptian propolis on different 

Germs (Inhibition Zones as mm). 
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Nitrofurantoin(control) 15 18 

Propolis extract NA NA 

Ag-NPs solid sample NA 22 

Ag-NPs as prepared NA 18 

 

Conclusion 

The facile and green method of bio-reduction of 

aqueous AgNO3 by the aqueous extract of the 

Egyptian propolis was demonstrated and Ag-NPs 

were produced with average size ranging from 

9.43nm to 13.09nm. The biosynthesis of silver 

nanoparticles showed that the preparation process 

was easy to control in terms of the speed of reduction 

within 13 minutes, moderate pH and temperature of 

75 0C. The use of propolis in the green synthesis of 

silver nanoparticles opens the door to a plethora of 

new bio-nanotechnology applications. For example, 

bioreduced AgNPs may be used as an active 

ingredient to treat a variety of human diseases. 
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