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ARTICLE  INFO  ABSTRACT 

Article type: 

Research Article 

Background:     The exceptional properties of the silver nanoparticles play an important role in 
nanoscience and nanotechnology, particularly in nanomedicine and also offer several applications in 
the biomedicine field. The development of antibacterials which are clinically useful against bacteria 
and drug resistant microorganisms, it is one of the main approaches of silver nanoparticles. However, 
it is essential to improve environmentally friendly methods for their synthesisin this respect, the 
principal aim of this research is focused on to propose a simplified and efficient green synthesis of 
silver nanoparticles with proven antibacterial properties. 
Methods:     The green synthesis route is based on the use of the Ephedra sinica as reducing agent of 
the silver ions in aqueous solution at room temperature. Complementary, the antibacterial activity of 
the silver nanoparticles against E. coli, S. aureus, S. dysenteriae, B. cereus and L. monocytogenes was 
confirmed. Green synthesized silver nanoparticles have been characterized by UV-Vis spectroscopy, 
XRD, TEM and FTIR. 
Results:     The silver nanoparticles revealed Gaussian distributions with the average diameter of 10 
nm and results showed that the lowest MIC and MBC of Ephedra sinica herb extract were 25 and 50 
mg/mL, respectively and also the lowest MIC and MBC of the antibacterial activity of the silver 
nanoparticles produced by Ephedra sinica herb extract were 6.25 and 12.5 mg/mL, respectively. 
Conclusion:     The observed results suggested that using Ephedra sinica, it is possible to performed 
silver nanoparticles with controlled characteristics and with significant inhibitory activity against the 
E. coli, S. aureus, S. dysenteriae, B. cereus and L. monocytogenes. 
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Introduction 

 

Ephedra sinica Stapf (Fam. Ephedraceae) is 

taxonomically classified as gymnosperms that is 

one of the most important plants in traditional 

medicine and medicinally important as the 

botanical origin of crude drugs. It’s used as a 

diuretic, antipyretic, diaphoretic and as 

bioresources that contain pharmacologically 

active chemicals (1, 2). It has an official 

monograph in some pharmacopoeias in the 

world, where it is standardized against the major 

alkaloids, ephedrine and pseudoephedrine (3). 

The final satges of ephedrine and 

pseudoephedrine biosynthesis in genus members 

of Ephedra involve N-methylation of 

norephedrine and norpseudoephedrine, 

respectively (4). Because of ephedrine and 

pseudoephedrine, Ephedra sinica has been used 

to treat cold, cough, asthma, edema, and urine 

negative embolism from ancient times (5). 

Therefore, with all the above mentioned actions, 

the main emphasis is conventionally given to its 

alkaloidal content, despite the fact that these 

substances represent only about 0.7–0.8% of the 

whole plant (6, 7). Recent advances emphasize 

that It’s proven the clinical effects of these 

secondary metabolism on the respiratory, central 

nervous, and cardiovascular systems (8). 

However, many species of Ephedra have also 

been shown to contain significant amounts of 

oligomeric flavonoids (9). 

   Many health benefits of foods and medicinal 

plants have been attributed to proanthocyanidins 

(10-12), and some of their pharmacological 

activity, such as hypotensive and vasorelaxant 

effects (13, 14), enhancement of the airflow 

obstruction, airway hyperresponsiveness and the 

airway microenvironment in asthma (15), and the 

inhibition of inflammation and remodeling in 

murine models of chronic inflammatory disease 

like asthma (16), are responsible for the 

aforementioned activities of Ephedra sinica, 

especially its respiratory and cardiovascular 

effects. In some researches related that Ephedra 

spp. Also display other pharmacological activitys 

that are not attributed to alkaloids, including 

antioxidant (17), antiviral (18), anti-inflammatory 

(19, 20), antimicrobial (21, 22), 

immunosuppressive (23, 24), anti-invasive, 

antiangiogenic, antitumor (25), and cytotoxic 

(26) properties. The dimeric proanthocyanidins of 

Ephedra sinica exhibit cytotoxic activity against 

the cancer cell lines SGC-7901, HepG2, and 

HeLa (26). In addition, the administration of 

proanthocyanidin oligomers of Ephedra sinica 

induce decreasing in the uremic toxin parameters 

of rats (27). 

   One of the most produced nano-matrials is 

silver nanoparticles (five hundred tons each year) 

and it seems to be increasing every year (28) and 

is estimated to increase in future. Including its 

profound role in field of high sensitivity bio 

molecular detection, catalysis, biosensors and 

medicine; it is been acknowledged to have strong 

inhibitory and bactericidal effects along with the 

anti-fungal, anti-inflammatory and anti-

angiogenesis activities (29, 30). 

   There are several metods for the silver 

nanoparticles synthesis, for example, ion 

sputtering, chemical reduction, sol gel, etc. (31); 

unfortunately many of the nanoparticle syntheses 

methods involve the use of hazardous chemicals 

or high energy requirements, which are rather 

difficult and including wasteful purifications 

(32). Chemical approaches are the most popular 

methods for the production of nanoparticles. 

Since, it is impossible to eliminate harmful 

materials from the silver nanoparticles synthesis 

methods, and also the accessibility of noble metal 



     Green Synthesis of Silver …                                                                                                                                               Fazeli-Nasab, et al. 

J Med Bacteriol.                   Vol. 10, No. 1, 2 (2021): pp.30-47                jmb.tums.ac.ir  

32 

nanoparticles such as gold, silver and platinum 

nanoparticles, it seems to be felt more than ever 

the need to develop new methods with a view to 

adapting to the environment and the absence of 

harmful substances (33). Biological methods of 

nanoparticles synthesis using microorganism (34-

36), enzyme (37), and plant extracts have 

suggested as a possible alternatives for chemical 

and physical methods. Using plant extracts in 

nanoparticls synthesis has the advantage of 

eliminating the elaborate maintaining processes 

of cell cultures (38). Also, it is suitable for larg 

scale synthesis of nanoparticles. 

   Greener syntheses of nanoparticles also 

provides advancement over other methods as they 

are simple, one step, cost-effective, environment 

friendly and relatively reproducible and often 

results in more stable materials (39). 

Microorganisms have utilized to nanoparticles 

producing, however, the rate of synthesis is slow 

(32) and it is still unexplored the potential of 

higher plants as a source of nanoparticles.  

   Silver nanoparticles has long been recognized 

as having an inhibitory effect toward many 

bacterial strains and microorganisms commonly 

present in medical and industrial processes (40). 

The most widely used and known applications of 

silver and silver nanoparticles are in the medical 

industry. Some of creams and topical oinments 

have silver in their ingredients to prevention of 

woud infection (41). Also, silver-impregnated 

polymers widely can be find in the surgical 

components like a dental implant.(42). In 

addition, silver-containing consumer products 

such as colloidal silver gel and silver-embedded 

fabrics are now used in sporting equipment (33). 

   Some plants extracts have reprted as a source of 

nanosilver particles synthesis with high 

antibacterial activities, for example, marigold 

flower (43, 44), Spirogyra varians (45), Solanum 

tricobatum (46), Melia dubia (32), Erythrina 

indica (47), beet root (48), mangosteen (30), 

Ocimum tenuiflorum (49), olive (50), Acalypha 

indica (51) and of Sesuvium portulacastrum also 

reported in literature with nanoparticle size 

ranging from 5 to 20 nm (52). 

   In this work, the green synthesis of AgNP’s by 

Ephedra sinica herb extract and the bactericidal 

effect against Escherichia coli, Staphylococcus 

aureus, Shigella dysenteriae, Bacillus cereus and 

Listeria monocytogenes were confirmed. 

 

Materials and Methods 

 

Plant Materials and Preparation of Herb extract 

for Silver Nanoparticles 

 

   The herb of Ephedra sinica were collected in 

2017 from dahane-sanklider village, sabzvar 

region of Khorasan-Razavi province of Iran and 

identified by the Department of Plant Biology, 

Unievrsity of Zabol.  

   The Ephedra sinica herbs were washed several 

times with deionised water and dried at room 

temperature. 10g of the herbs was homogenized 

in 100 ml of double distilled water and stirred 

and kept on a rotator shaker at 190–220 rpm for 

24h at room temperature in an airtight container 

till further use with the help of electric grinder, 

glass dish and filtered (53). After centrifugation 

at 10,000 rpm for 15 mins, the supernatant was 

collected and stored at 4°C. 

 

Preparation of aqueous silver nitrate and silver 

nanoparticles synthesis 

 

   Silver nitrate solution was purchased from 

Merck Company with Catalogue Number 101510 

and with the mediation of the Parsa store, Iran 

and also 1 mM silver nitrate solution was 

prepared and stored in amber coloured bottle.  

   The experiment of optimization and synthesis 

of silver nanoparticles was carried out on 

different concentrations of Ephedra sinica herb 

extract (3, 5, 10 and 20 milliliters) and different 

concentrations of silver nitrate (0.5, 1, 3 and 5 

mM) combined to obtain the best mode for 

synthesizing silver nanoparticles. Typically, the 

synthesis of silver nanoparticles was done by 

mixing Ephedra sinica herb broth and 1mM of 
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aqueous silver nitrate solution (AgNO3) for 

reduction of Ag+ ions in the ratio 1: 10 and 

exposed to sunlight with stirred and kept on a 

rotator shaker at 100 rpm (about for a period of 

48 hours) until the color of the solution colour 

changes were checked periodically and Finally, 

The colour change of herb extract from brown to 

reddish-brown demonstrated that the silver 

nanoparticles were synthesized (Figure 1). The 

Experiment of optimization and synthesis of 

silver nanoparticles was carried out on different 

concentrations of Ephedra sinica herb extract (3, 

5, 10 and 20 milliliters) and different 

concentrations of silver nitrate (0.5, 1, 3 and 5 

mM) combined to obtain the best mode for 

synthesizing silver nanoparticles. (Figures 2 and 

3). The contents were centrifuged at 10,000rpm 

for 15 minutes and then the supernatant was 

discarded and the pellet was washed with 

diionised water, then dried in an oven at 60 ° C 

for one hour, and silver nanoparticles were 

prepared (54). At all stages of the test, due to the 

sensitivity of the silver nanoparticles to light, all 

containers were covered with aluminum foil (55). 

 

Characterization of AgNPs. 

 

   There are several ways for characterizing 

nanoparticles (56). Checking of solution colour 

changing is the most convenient method to 

confirm nanoparticles synthesis. It were utilized 

UV-absorption spectra of synthesized AgNPs 

(UV-visible spectrometer; Shimadzu UV- 2700) 

and also Fourier Transform Infrared 

Spectroscopy (FTIR; Nicolet 800, Nicolet, 

Madison, USA) spectrums for determination of 

optical properties of AgNPs. The size and shape 

of the synthesized AgNPs were determined by 

transmission electron microscopy (TEM)(Zeiss 

EM 900, Jena, Germany, −80 kv). Prior to 

analysis, AgNPs were sonicated for 5 minutes, 

and a drop of appropriately diluted sample was 

placed onto a carbon-coated copper grid. The 

liquid fraction was allowed to evaporate at room 

temperature. FTIR spectral measurements were 

carried out to identify the potential biomolecules 

in Ephedra sinica herb extract which is 

responsible for reducing and capping the 

bioreduced silver nanoparticles. Xray diffraction 

(XRD; D8 ADVANCE, Bruker) operating at a 

voltage 35 kV and a current of 30 mA with Ka1 

Cu radiation was used for the phase identification 

and characterization of crystalline metallic 

AgNPs.  

 

MIC and MBC of Plant Extracts and 

biosynthesized AgNPs 

 

   The antibacterial activity of Ephedra sinica 

herb extract and the biosynthesized AgNPs were 

assessed against Escherichia coli (E. coli)(ATCC 

25922), Staphylococcus aureus (S. aureus) 

(ATCC 25923), Shigella dysenteriae (S. 

dysenteriae) (ATCC 12021), Bacillus cereus (B. 

Cereus) (ATCC 19123) and Listeria 

monocytogenes (L. monocytogenes) (ATCC 

19118). 

   Broth dilution method was used to determine 

minimum inhibitory concentration (MIC) and 

minimum bactericidal concentration (MBC) 

according to the Yu et al. (57). All of the tests 

were performed in Mueller Hinton Broth 

supplemented with Tween 80 at a final 

concentration of 0.5% (v/v). Briefly, serial 

doubling dilutions of biosynthesized AgNPs and 

aqueous herb extract of Ephedra sinica were 

prepared in a 96-well microtiter plate ranged 

from 3.1 to 100 ppm.  

   They were added, 10 μL of indicator solution 

(prepared by dissolving a 10-mg extract in 2 mL 

of DMSO) and 10 μL of Mueller Hinton Broth in 

each well. Finally, 10 μL of bacterial suspension 

(10
6
 CFU/mL) was added to each well to achieve 

a concentration of 10
4
 CFU/mL. The plates were 

wrapped loosely by cling film to ensure that the 

bacteria did not get dehydrated. The plates were 

prepared in triplicates, and then they were placed 

in an incubator at 37 °C for 18-24 hours. The 

color change was then assessed visually. 

   The MIC is the lowest concentration of extract 

which the coluor has changed and the 

microorganism dose not demonstrate visible 
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growth. It was calculated the average of three 

repeats as the MIC value of each extract. The 

microorganism growth was indicated by 

turbidity. 

After MIC determination of the Ephedra sinica 

herb extract and the biosynthesized AgNPs, the 

MBC was considered the lowest concentration of 

the Ephedra sinica herb extract and the 

biosynthesized AgNPs which prevented growth 

and kills >99.9% of the initial bacterial 

population that it was observed no visible 

bacteria growth in the initial bacteria population 

on the Muller Hinton plates. All tubes were 

incubated for a total of 72 h, and progressive 

changes in visual turbidity were noted after 48 

and 72 h (58). 

 

Result 

 

UV-Vis spectroscopy analysis of the effect of 

concentration of Ephedra sinica herb extract and 

the biosynthesized AgNPs 

 

   In the study of the combined effect of Ephedra 

sinica herb extract levels (3, 5, 10 and 20 

milliliters) and silver nitrate levels (0.5, 1, 3 and 

5 mM) for the green synthesis of silver 

nanoparticles. The absorption bands peak of 

silver nitrate levels at 0.5, 1, 3 and 5 mM with a 

volume of 10 ml of the Ephedra sinica herb 

extract at environment temperature and for 1 hour 

was 442, 442, 435 and 458 nm in their electron 

spectrum (Figure 2), and also the absorption 

bands peak of the Ephedra sinica herb extract 

levels at 3, 5, 10 and 20 milliliters with a volume 

of 1 mM of the silver nitrate at environment 

temperature and for 1 hour was 433, 441, 469 and 

480nm (Figure 3) in their electron spectrum. 

   In the present study, the investigation of the 

spectra showed that with increase in the 

concentration of silver nitrate, peak intensity 

increased, so it can be said that increasing the 

concentration of silver nitrate, more Ag + is 

converted to Ag0 And hence the concentration of 

synthesized silver nanoparticles increases (Figure 

2). It was also observed that with increasing 

AgNo3 concentration, the color of the reddish 

brown solution was observed (Figure 1). This 

indicates an increase in the concentration of 

silver nanoparticles and also the growth of 

particle size in the solution (59, 60). 

   It has also been reported that increasing the 

concentration of silver nitrate, will increase the 

percentage of silver nanoparticles, particle 

diameter and maximum absorption (61). As seen 

in the figure 2, no significant change in peak 

intensity is observed between concentrations of 3 

and 5 mM from silver nitrate that this indicat the 

completion of the reduction process (62). 

According to observations of this research, the 

most suitable concentration of silver nitrate for 

the synthesis of silver nanoparticles is 0.5 mM 

(with 0.741 absorption rate) and 1 mM (with 

1.489 absorption rate) but, in some stages of this 

research after changing the environmental 

conditions, the synthesis of silver nanoparticles at 

a concentration of 0.5 mM was difficult (as 

observed), so the concentration of 1 mM was 

determined for the subsequent stages of the test. 

   By resuscitation of silver ions and the 

production of silver nanoparticles, the color of 

the herb extract from brown to reddish brown 

change that this is was matched with others 

research (63) and also indicated the silver 

nanoparticles were synthesized from the leaves 

extract. To prove the presence of silver 

nanoparticles in samples, The UV-visible 

spectrum was obtained from them. 

   One of the coolest features of metallic 

nanoparticles is their optical properties, which 

varies fits with the shape and size of the 

nanoparticles. In metal nanoparticles, surface 

plasmon resonance is responsible for their unique 

optical properties which is affected by factors 

such as the size of the nanoparticles, the shape of 

the nanoparticles, their distance from each other 

and the refractive index of the perimeter 

environment (64). Considering that silver 

nanoparticles absorb light from 400 to 500 

nanometers (63), Figure 2 shows that the 

characteristic of absorption bands of surface 

plasmons occurred from 435 to 458 nm for silver 
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nanoparticles and as shown in this figure, 

concentration of 1 mM silver nitrate has a better 

absorption than others concentrations of silver 

nitrate and then the nanoparticles synthesis more. 

Therefore, the peak in this range, which is 

determined using an ultraviolet spectrometer 

device, is a step to prove the synthesized silver 

nanoparticles. The displacement of peaks and 

changes in their intensity and changes in 

observed colors are factors that are as dependent 

on nanoparticles. In other words, the optical 

properties of silver nanoparticles are strongly 

dependent on the diameter of the nanoparticles. 

UV-visible spectroscopy can be used as a simple 

and reliable method to monitor the stability of 

nanoparticle solutions (65) but when the 

nanoparticles become unstable, the peak courier 

is greatly reduced due to the evacuation of stable 

nanoparticles (44). 

   Spectroscopic studies in the effect of aqueous 

extract on the synthesis of silver nanoparticles 

with a concentration of 1 mM silver nitrate, 

environment temperature and 1 hour duration, 

showed that the intensity of absorption increased 

by increasing the concentration of the extract 

(Figure 3). This is due to the increase in the 

number of silver nanoparticles and their 

agglomeration, and variations in absorption 

values indicate particle size variations (66) and 

also the color of the solution was changed from 

brown to reddish brown with increasing extract 

volume (Figure 1) represents the synthesis of 

silver nanoparticles due to the stimulation of 

surface plasmon resonance in silver 

nanoparticles. By increasing the volume of the 

extract, the maximum wavelength rises from 433 

to 480 nm, which is a superficial factor indicating 

the production of silver spherical nanoparticles 

with uniform distribution (50). Silver 

nanoparticles synthesized with different 

concentrations of plant extracts by analyzing the 

UV-Vis spectrum and viewing the surface 

plasmon resonance. The average wavelength was 

433-480 nm which was similar to the previous 

research (66, 67). Changes in maximum 

wavelengths indicate a change in particle size due 

to changes in the ratio of the concentration of 

extract to silver ion. In this research, the intensity 

of absorption and the maximum wavelength 

decreased by reducing the concentration of the 

extract; However, as shown in Figure 2, with the 

increase in the volume of the extract to 10 ml, the 

absorption rate of the electron spectra increases 

but in higher volumes (20 ml) absorption was 

sharply reduced. On the other hand, because the 

extract of the plant contains organic matter, these 

materials act as stabilizing and reducing agents 

(68-70). Therefore, when the volume of the 

extract increases in steady state, it concentrates 

more organic matter around the nanoparticles, so 

the heavier particles are deposited and released 

from the nano mode, which makes the 

characteristic peak of these nanoparticles not 

present in the desired range (71). In general, the 

results showed that the best combination for the 

synthesis of silver nanoparticles is 10 ml of 

Ephedra sinica herb extract and 1 mM of silver 

nitrate. 

 

Characterization of silver nanoparticles by X-

Ray Diffraction (XRD) 

 

   XRD analysis showed distinct diffraction peaks 

which can be indexed the angle vales of 33.31 

A°, 40.21 A°, 61.3 A° and 74.91 A° that are 

respectively in accordance with the levels 267.14, 

116.65, 86.28 and 94.48 crystalline planes of 

nano silver. This analysis revealed the 

orthorhombic crystals of silver nanoparticles 

(72). The high peaks in the analysis indicated the 

active silver composition with the indexing 

(Figure 6). 

   X-ray diffraction (XRD) is a non-degrading, 

multi-application method that provides 

comprehensive information on the chemical 

composition and crystalline structure of natural 

and industrial materials. Each crystal has a 

pattern due to its unique x-ray diffraction, which 

detects metal element from other metal 

compounds of the same metal (72). In the present 

research, the peaks observed in the XRD diagram 

(Figure 4) confirm the crystalline structure of the 
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silver nanoparticles. In addition, additional peaks 

appearing in this spectrum are related to silver 

chloride and indicating that the final deposition 

of the reaction in addition to the silver 

nanoparticles only contains silver chloride. All of 

these peaks in this diagram can represent a solid 

center cubic structure for silver nanoparticles, 

which has been confirmed in various studies (73, 

74). 

 

TEM analysis 

 

   TEM analysis revealed that the synthesized 

nanoparticles were stable in solution at room 

temperature. In order to compare the size, 

morphology and uniformity of the distribution of 

nanoparticles produced, the image of the 

Transmitted Electron Microscope (TEM) showed 

that the shape of AgNPs was spherical and the 

average size of them at optimum conditions was 

10 nm (Figure 5). 

   It is related that silver nanoparticles size is 

depende on plant extract so that The TEM 

analyses showed the particle size between 25-

50nm (72) in Morinda Pubescens and 15 nm (56) 

Melissa officinalis. 

 

ICP analysis 

 

   Silver concentrations and conversions were 

determined using Inductively Coupled Plasma 

spectrometry (ICP). The conversion of silver ion 

into silver nanoparticles got by the formula Q= 

((c0-cf)/c0) *100. c0 and cf are respectively the 

initial and final concentrations of the metal ion 

(mg/l) and Q is the percentage of conversion of 

metal ion into a metal nanoparticle (75, 76). The 

results of this research showed that ICP is 99.6 

that represents the linear relationship was 

obtained between the silver concentration 

determined by ICP and adsorption (33), which 

also confirms the results of the UV-visible 

spectrophotometer (Table 1). 

 

 

 

FTIR analysis 

 

   FTIR analysis is utilizable for characterizing 

the surface chemistry of nanoparticles (63). The 

FTIR spectral analysis of silver nanoparticles 

showed some absorption bands (peak) at 518, 

824, 1033, 1143, 1196, 1384, 1446, 1518, 1609, 

1730, 2360, 3324 and 3736 cm-1 (Figure 6). The 

peaks of 1518 cm-1 and 824 cm-1 in the Ephedra 

sinica herb extract are related to the tensile 

vibration of C-H (flexural alkins) and O-H, which 

are commonly found in the building of amino 

acids (77). Existence of peaks at 1033, 1143, 

1196, 1384, 1446 and 11515 cm-1 in the Ephedra 

sinica herb extract also relates to the tensile 

vibration of C-O and C-N, respectively that there 

are in the formation of phenolic groups and 

aliphatic and aromatic amine acids (50, 77, 78). 

The presence of these peaks confirmed that the 

nanoparticles were covered by plant secondary 

metabolites such as terpenoids, flavonoids, 

glycosides, phenols, tannins, with functional 

groups such a s ketone, aldehyde, carboxylic 

acid, and others (63). 

   The peaks of 1609 cm-1 and 1730 cm-1 is 

related to the tensile forces C=O and C=C, which 

are commonly found in proteins, indicating the 

presence of proteins as a reducing and stabilizing 

agent for the synthesis of silver nanoparticles (46, 

79, 80). The peaks of 3324 cm-1 and 3736 cm-1 

is related to the tensile vibration of N-H and O-H, 

which is commonly found in the structure of 

alcohols and phenolic materials (40, 78). 

   Phenolic and flavonoid compounds reduce the 

factors that reduce Ag+ to Ag0, and also amino 

acids and proteins stabilize the synthesis of green 

nanoparticles from AgNPs (70) These 

metabolites prevent clotting and pairing of the 

nanoparticles. As reported (Singhal et al., 2011), 

the secondary structure of proteins has not been 

affected during the reaction with Ag+ ions or 

after binding to Ag nanoparticles. These results 

indicate that the present of functional groups of 

biological molecules like hydroxyl, amine and 

carbonyl present in the Ephedra sinica herb 

extract which play an important role in reducing 
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the Ag + ions and the stability of nanoparticles 

(63). Therefore, FTIR study showed that the 

multifunctional effects of Ephedra sinica herb 

extract simultaneously decreased Ag+ and 

stabilized Ag nanoparticles. 

 

Antibacterial activity of AgNPs and aqueous herb 

extract of Ephedra sinica 

 

   Antibacterial activity potentials of Minimum 

Inhibitory Concentration (MIC) and minimum 

bactericidal concentration (MBC) of aqueous 

herb extract of Ephedra sinica and silver 

nanoparticles synthesized from Ephedra sinica 

herb extract against Listeria monocytogenes, 

Staphylococcus aureus, Shigella disentry, 

Escherichia coli and Bacillus cereus were 

evaluated and then the results showed that the 

AgNPs green synthesized (Table 2, 3) and 

aqueous herb extract of Ephedra sinica (Table 4, 

5) have inhibiting activity on all five bacteria in 

tested concentrations.  

   The MIC of aqueous herb extract of Ephedra 

sinica on Listeria monocytogenes, 

Staphylococcus aureus, Shigella disenetria and 

Escherichia coli was 25 μg / ml and on Bacillus 

cereus was 50 μg / ml  (Table 2, 3). However, the 

MIC of silver nanoparticles synthesized from 

Ephedra extract on Staphylococcus aureus and 

Shigella disenchyterum was 6.26 μg / ml, but on 

Listeria monocytogenes, Escherichia coli and 

Bacillus cereus was 12.12 μg / ml (Table 4, 5). 

   The MBC of the aqueous herb extract of 

Ephedra sinica on Listeria monocytogenes, 

Staphylococcus aureus, Shigella dilentaria and 

Escherichia coli was 50 μg / ml and on Bacillus 

cereus was 100 μg / ml (Table 2, 3). However, at 

least the trapping concentration of silver 

nanoparticles synthesized from Ephedra extract 

on Staphylococcus aureus strains and Shigella 

disenetria was 12.5 μg / ml and on E. coli, 

Bacillus cereus strains and Listeria 

monocytogenes was 25 μg / ml (Table 4, 5). 

 

 

 

Discussion    
 

   The results of the current study showed that the 

lowest MIC and MBC of the aqueous herb extract 

of Ephedra sinica was 25 and 50 mg/mL 

respectively but the lowest MIC and MBC of 

silver nanoparticle synthesized by the herb 

extract of Ephedra sinica was 6.25 and 12.5 

mg/mL. It’s related (81) the lowest MIC of silver 

nanoparticle synthesized by P. ovata seed extract 

was e 12.5 ppm aginest Staphylococcus aureus. 

It’s related (51) that the particle size of silver 

nanoparticles synthesized by Acalypha indica 

leaves extract was 20-30 nm and the MIC of 

silver nanoparticles synthesized against 

Escherichia coli and Vibrio cholera 10 μg/mL. In 

another research (82) the average particle size of 

silver nanoparticles synthesized by Allium cepa 

stem exract was 67 nm particles it’s had an 

antimicrobial activity against E. coli and 

Salmonella typhimurium. Soo-Hwan et al. (83) 

reported that the MIC of Ag-NPs against S. 

aureus and E. coli was 100 μg/mL. It’s related 

(56) that the average particles sizeby Melissa 

officinalis extract was 12 nm and then they 

observed that using Melissa officinalis, it is 

possible to performed silver nanoparticles with 

controlled characteristics and with significant 

inhibitory activity against the Staphylococcus 

aureus and Escherichia coli. 

   One of the important characteristics of extracts 

and essential oils of the plant and their phenolic 

components is their hydrophobicity(84, 85), 

which disrupts the cytoplasmic membrane, 

disrupts the proton energy and electrical current, 

coagulates the cell contents, and also the 

penetration of these materials into the cell 

membrane lipids bacteria and mitochondria and 

then disrupts their buildings and increases their 

permeability (86, 87). This reason causes the 

leakage of ions and other cellular contents. 

Although the release of a limited amount of these 

substances is tolerable to the bacterium, it has a 

biological effect, and the expulsion of large 

amounts of cellular contents or the release of vital 

ions and molecules will cause cell death (87). 
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   It has been reported that the AgNP’s have the 

capacity to hold fast to the bacterial cell 

membrane and penetrate into the cytoplasm (88, 

89). This fact produce structural changes in the 

cell, and consequently the elimination of this 

organism. In this sense, can be suppose the cell 

membrane of Listeria monocytogenes, 

Escherichia coli and Bacillus cereus exhibits a 

major resistance to the AgNP‘s in low 

concentration but Staphylococcus aureus and 

Shigella dysenteriae can not be resistant to the 

AgNP‘s in low concentration. 

   The effect of silver nanoparticles on living 

organism cells depends on the diameter, particle 

size, and shape of the nanoparticles of 

synthesized, and because the size of the silver 

nanoparticles is usually low, the surface is more 

exposed to the outer space and has a greater 

effect on the membrane of the cells(90, 91). The 

mechanism of inhibiting silver nanoparticles 

depends on the performance of silver ions in a 

colloidal solution, in which the nanosilver metal 

particles, over time, emit silver ions. In the 

succession reaction, these ions converted the 

bands of SH into microorganisms into SA-g 

bands, which resulted in the destruction of 

microorganisms (91, 92). Also, silver 

nanoparticles can disrupt the normal function of 

the cell membrane, including its selective 

permeability, as well as the process of cellular 

respiration, and even after entering the bacterial 

cell, they can interfere with the function of 

sulfur-containing proteins and phosphorus-

containing molecules such as DNA, efficiency 

eliminate them(92-94). 

   According to the mentioned studies, silver 

nanoparticles have a powerful antimicrobial 

effect on the antibiotic resistant bacterias such as 

Escherichia coli, Staphylococcus aureus, Shigella 

dysenteriae, Bacillus cereus and Listeria 

monocytogenes. Though one of the biggest 

advantages of green synthesis of silver 

nanoparticle method is that a large quantity of 

nanoparticles can be synthesized in a short span 

of time (32). During this type of syntheses; 

chemicals used are toxic and led to non-

ecofriendly by-products. This may be the reason 

which leads to the biosyntheses of nanoparticles 

via green route that does not employ toxic 

chemicals and hence proving to become a 

growing wanton want to develop environment 

friendly processes. Thus, the advancement of 

green syntheses of nanoparticles is progressing as 

a key branch of nanotechnology; where the use of 

biological entities like microorganisms, plant 

extract or plant biomass for the production of 

nanoparticles could be an alternative to chemical 

and physical methods in an ecofriendly manner 

(32). 

   Antimicrobial and antibiotic resistances are an 

increasingly serious threat to human health and 

then it is necessary to overcome it with the help 

of nature (63). Therefore, there is an increase in 

the investigation of plants as a source of human 

infectious diseases management (72, 95). Though 

there are two potential problems with the use of 

any silver antibiotic usage. First, it does appear 

that silver resistance can occur in at least some 

bacterial strains. It is extremely important to 

avoid this circumstance since it appears that, at 

least in the near future, silver ions may soon be 

the only remaining effective agent for clinical 

use. There appears to be a tendency to develop 

other silver compounds that produce low levels 

of silver ions in the wound environment or have 

characteristics permitting long term application 

with fewer dressing changes as a cost saving 

measure. Both of these characteristics would 

appear to favor the development of additional 

silver resistant strains (41). 

  

Conclusion 

 

   The proposed green route for the synthesis of 

silver nanoparticles from Ephedra sinica herb 

extract provide an efficient and functional 

methodology to obtain well dispersed and 

antimicrobial silver nanoparticles. Also, this 

methodology is simple, economic and 

environmental friendly. Based on the results 

observed by FTIR spectroscopy, is possible to 

affirm that the organic compounds such as 
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metabolites and phenols presents in the Ephedra 

sinica, promote the reduction of Ag+ ion to Ag0. 

The intensity of AgNP’s antibacterial activity can 

be associated with the distribution of particle 

size, in the other words, extensive distribution of 

particle size have a promoting effect on the 

antibacterial activities and has a major interaction 

between the cell membrane of the Listeria 

monocytogenes, Staphylococcus aureus, Shigella 

dysenteriae, Escherichia coli and Bacillus cereus. 

consequently, AgNP’s obtained by green 

methodologies have an eliminating potential 

against antibiotic resistance bacterias.     

 

 

 

 
  

 

Figure 1.  Silver nanoparticles synthesized in the Ephedra sinica herb extract. 

Figure 2.  UV-Vis spectrum of the silver nanoparticles synthesized at 0.5, 1, 3 and 5 mM of 

silver nitrate with 5 ml of Ephedra sinica herb extract at 1 hour and environment temperature 

(25 °C). 
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Figure 3.  UV-Vis spectrum of the silver nanoparticles synthesized at 3, 5, 10 and 20 ml f 

Ephedra sinica herb extract with 1 mM concentration of silver nitrate, 1 hour and environment 

temperature (25 °C). 

Figure 4.  XRD spectrum of the silver nanoparticles at 1 mM concentration of silver nitrate, 5 ml 

of Ephedra sinica herb extract at 1 hour and environment temperature (25 °C). 
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Figure 5.  TEM image of the silver nanoparticles at 1 mM concentration of silver nitrate, 5 ml of 

Ephedra sinica herb extract at 1 hour and environment temperature (25 °C). 

Figure 6.   FTIR spectrum of the silver nanoparticles at 1 mM concentration of silver nitrate, 5 ml 

of Ephedra sinica herb extract at 1 hour and environment temperature (25 °C). 
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Plant extract C0 (mg/L) CF (mg/L) Q (%) 

5% 186.659 0.735 99.6 

 

 

Bacterial strain MIC (µg/ml) MBC (µg/ml) 

Listeria monocytogenes 25 50 

Staphylococcus aureus 25 50 

Shigella dysenteriae 25 50 

Escherichia coli 25 50 

Bacillus cereus 50 100 

 

 

Bacterial strain Different concentrations of the aqueous herb extract of 

Ephedra sinica (µg/ml) 

3.1 6.25 12.5 25 50 100 

Listeria monocytogenes ++ ++ ++ + - - 

Staphylococcus aureus ++ ++ ++ + - - 

Shigella dysenteriae ++ ++ ++ + - - 

Escherichia coli ++ ++ ++ + - - 

Bacillus cereus ++ ++ ++ ++ + - 

 

 

 

Bacterial strain MIC (µg/ml) MBC (µg/ml) 

Listeria monocytogenes 12.5 25 

Staphylococcus aureus 6.25 12.5 

Shigella dysenteriae 6.25 12.5 

Escherichia coli 12.5 25 

Bacillus cereus 12.5 25 

 

 

 

 

Table 1.   The results obtained from the analysis of samples using inductively coupled plasma 

spectrometry (ICP). 

Table 2.    Results obtained from the analysis of samples using inductively coupled plasma 

spectrometry (ICP). 

Table 3.     Standard bacteria growth at different concentrations of the aqueous herb extract of 

Ephedra sinica. 

Table 4. Antimicrobial activity of silver nanoparticles synthesized from Ephedra sinica on standard of 

bacteria strains. 
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Bacterial strain Different concentration silver nano particle synthesized (µg/ml) 

3.1  6.25 12.5 25 50 100 

Listeria monocytogenes ++ ++ + - - - 

Staphylococcus aureus ++ + - - - - 

Shigella dysenteriae ++ + - - - - 

Escherichia coli ++ ++ + - - - 

Bacillus cereus ++ ++ + - - - 

++ Complete growth of bacteria; + MIC; - MBC 
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