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ABSTRACT 

In this work, antimicrobial potential of silver nanoparticles synthesized from 

extract of Myrtus communis on different pathogenic bacteria and yeast was 

investigated. 10 mL of extract was mixed with 90 mL of 2 mM aqueous AgNO3 

and heated at 70 °C for 3 min. A change from greenish to dark brown color was 

observed. Characterization using UV-VIS spectrophotometery and X- ray 

diffraction analysis were performed. The UV-Vis spectral analysis showed silver 

surface plasmon resonance band at 425 nm. X- ray diffraction showed that the 

particles were crystalline in nature with face centered cubic structure (FCC) of the 

bulk silver with broad beaks at 38.50° and 44.76°. Antimicrobial activity against 

six microorganisms was tested using well diffusion method. The synthesized silver 

nanoparticles efficiently inhibited various pathogenic organisms in a dose-

dependent manner was more pronounced against Gram-positive bacteria than 

Gram-negative bacteria. The approach of green synthesis seems to be cost 

effective, eco-friendly and easy alternative to conventional methods of silver 

nanoparticles synthesis. The powerful bioactivity demonstrated by the synthesized 

silver nanoparticles leads towards the clinical use as antimicrobial. 
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 الفضة النانوية المتشكلة  دقائقالفعالية المضاده المايكروبية ل

 مستخلص نبات الاس بواسطة
 

 الخلاصة
رمم ييفة ضوممفية ندن  ممفية رت مم  يبقدئقتممفي ممهياممراية بحة ممفيالمم ية ضاد  ممفية روممدبلية رد  ح ا مم ي مم

رم يرم يي10ر تخ صينادتيةلاسيع ىيةن ةعيرخت ضفير ية ا تح مدية رحوم في ة خر محليذيةريتمفيرم  ي

https://doi.org/10.30684/etj.31.3B.13
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0001-6388-3849
https://orcid.org/0000-0002-3942-7971


Eng. & Tech. Journal, Vol.31, No.3, 2013        Antimicrobial Activity of Silver Nanoparticles    

                                                                            Synthesized   by Myrtus Communis Extract 

 

    

401 

 

ي2رم يرم يرل م  ينتمحةتية ضومفية رلومحلياتحة  م يةير  مهيرم لاح ي يي90ة ر تخ صية نادتهيرعي
ةلاخومحي    لظيتغ محية  م  يرم يدئقبقي3في  ربليي70ر  هير لاح ي تفيت خ  ية ر  جيعنبيبحجفي

 ي ة تل  ممي UV-VISتممفية متخبةفية رس مدسية   ضمهييقدئقية رت م  فبة مية مىية انمهية مبة  يذي ت مخ ص
نمدن ر تحي 425 ظهمحتيل رمفية تيم  حية   ضمهيعنمبية سمحة ايذيةلا افية  م ن فيجهد يل  بياد تخبةف
ر ااهيةلا ج ييرح   يا   يتح  ب دنتييج  ئدتية ضوفياد يييق دسيل  بيةلا افية   ن ف ةظهحي

 يبح متية ضاد  مفية رد  ح ا مفيع مىي متفيةنم ةعيرم رمديذيةن  تح في44.76  38.50يعنبيقرفي ة افي
ةلال د ية رجهح فياد تخبةفي ح سفيةلانت دحياد لضحي ةظهحتيج  ئدتية ضوفية ندن  فية رت   فيتثام  ي

ة ضوممفية ندن  ممفياهممراييبقممدئق رخت ممايةلانمم ةعية ررحوممفيةعترممدبةيع ممىيتح   اممديخياممر  ي اممبيتخ  ممقي
 ييذح ا فة  ح سفية اد    ج في ه في غ حير  ضفي تس بينل ية تخبةرهديي ح ح دي رودبةتيرد  

 
 

INTRODUCTION 

anotechnology is the newest and one of the most promising areas of 

research in modern medical science. Nanoparticles exhibit new and 

improved properties based on size, distribution and morphology than larger 

particles of the bulk materials from which the nanoparticles are made [1, 2]. Silver 

nanoparticles have found tremendous applications in the area of catalysis, 

optoelectronics, detection and diagnostic, antimicrobials and therapeutics [3-6]. 

Silver has long been recognized as an effective antimicrobial agent that exhibits 

low toxicity in humans and has diverse in vitro and in vivo applications [7]. 

Recently, silver-based topical dressings are widely used to treat infections in open 

wounds and chronic ulcers. These dressings also protect the host material from 

oxidation and discoloration [8, 9].  There is still need for economic, commercially 

doable in addition environment friendly synthesis route to synthesize silver 

nanoparticles. Several approaches are out there for the synthesis of silver 

nanoparticles for example, chemical reduction [10], photochemical [11], thermal 

decomposition [12], radiation assisted [13], electrochemical [14], and recently via 

green chemistry method [15]. 

 Biological method of nanoparticles synthesis using microorganisms [16], 

enzyme [17], and plant or plant extract offers numerous benefits over chemical and 

physical method [6, 15]. Among the various known synthesis methods, plant-

mediated nanoparticles synthesis is preferred as it is cost-effective, 

environmentally friendly, and safe for human therapeutic use [15, 18]. Many 

reports are available on the biogenesis of silver nanoparticles using several plant 

extracts, particularly Lantana camara [6], Moringa oleifera [19], Catharanthus 

roseus [20] and Eucalyptus chapmaniana [21]. However, potential of the plants as 

biological materials for the synthesis of nanoparticles is still under utilization.  

Myrtus communis L. (Family: Myrtaceae), is an aromatic evergreen perennial 

shrub or small treeFigure (1). It is native to Southern Europe, North Africa and 

West Asia. It is distributed in South America, North western Himalaya and 

Australia and widespread in the Mediterranean region [22, 23]. It is also cultivated 

in Iraqi gardens for its fragrant flowers, facing wall and makes an excellent 

hedging plant. 
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Figure (1) Arial parts of M. communis L. 

 

In folk medicine, the fruit of this plant is used in the treatment of many types of 

infectious disease, including diarrhea and bloody diarrhea, and the leaves are used 

as antiseptic and anti inflammatory agent, and as a mouthwash, for the treatment of 

candidiasis [23]. Many plants from the Myriaceae family are reported to have 

antibacterial or antifungal activities [24, 25]. The aromatic and medicinal qualities 

of M. communis contribute to its use in pharmaceutical, cosmetics and food 

products [26]. To date, there is no report on the synthesis of silver nanoparticles by 

utilizing the aqueous leaf extract of M. communis. Thus, this work was aimed to 

synthesize and characterize silver nanoparticles, and to investigate the 

antimicrobial activities.  

 

MATERIALS AND METHODS 

Materials  

The chemical silver nitrate (AgNO3; 99.98%), Mueller-Hinton agar (MHA) and 

Sabouraud Dextrose agar (SDA, Oxoid) were purchased from Merck, Germany. 

M. communis L. 
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All organic solvents used were of HPLC grade and purchased from Sigma 

Chemical Co. (St. Louis, MO, USA). 

 

Preparation of the extract 

Leaves plant extract was prepared by Soxhlet extraction method. About 100 g 

of powder material was uniformly packed in to a thimble and run in Soxhlet 

extractor. It was exhaustible extracted with methanol for the period of about 48 

hour or till the solvent in the siphon tube of an extractor became colourless. After 

that extracts were filtered with the help of filter paper and solvent was evaporated 

from extract in rotary evaporator to get the syrupy consistency. Then extract was 

kept in refrigerator at 4 °C for future experiments.  

Synthesis of silver nanoparticles  

Aqueous solution of silver nitrate was prepared by adding 2mM of AgNO3 to 90 

ml of distilled water at room temperature. The aqueous solution was mixed with 10 

ml of leaf extracts at a temperature of 70 °C while stirring magnetically at 1000 

rpm for 3 min. The bio-reduced aqueous component was used for the UV–Vis 

spectroscopy characterization. 

Characterization of silver nanoparticles 
UV-Vis spectral analysis was done by using UV-Vis spectrophotometer (PG- 

T80+ UV/Vis spectrophotometer, England) from 350-700 nm at a resolution of 1 

nm. XRD spectrums of the silver nanoparticles solution drop-coated on glass were 

done on Shimadzu XRD-6000 model with 40 kv, 30 mA with Cu k α radiation at 2 

θ angel. The crystallite domain size was calculated from the width of the XRD 

peaks, assuming that they are free from non-uniform strains, using the Scherrer 

formula.  

D= 0.94 λ / β Cos θ 

Evaluation of antimicrobial activity 

The silver nanoparticles synthesized using M. communis extract was tested for 

antimicrobial activity by agar well diffusion method against different pathogenic 

microorganisms Escherichia coli, Pseudomonas aeruginosa, Streptococcus 

pneumonia, Proteus volgaris, Klebsiella pneumoniae (Gram Negative), 

Staphylococcus aureus (Gram Positive) and Candida albicans (Yeast). The pure 

cultures of bacteria were subcultured on MHA and SDA for yeast. Each strain was 

swabbed uniformly onto the individual plates using sterile cotton swabs. Wells of 8 

mm diameter were made on nutrient agar plates using gel puncture. Using a 

micropipette, 50 μL of nanoparticle solution was poured onto each well on all 

plates. After incubation at 37◦C for 24 hours, the diameter of zone inhibition was 

measured in millimeter, and was recorded as mean ± SD of the triplicate 

experiment. 

Statistical analysis 

The grouped data were statistically evaluated using ANOVA with SPSS/14 

software. Values are presented as the mean ± S.D. of the three replicates of each 

experiment. 

 Results and Discussion 
Green synthesis of silver nanoparticles using 2mM AgNO3is shown in Figure (2). 

The fresh suspension of M. communis was greenish in colour. However, after 
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addition of AgNO3 and heated at 70 °C for 3 min, the suspension turned dark 

brown. Formation of silver nanoparticles was confirmed using UV-Vis spectral 

analysis and showed silver surface plasmon resonance band at 425 nm Figure (3). 

Raut rajesh et al. [27] reported that reduction of silver ion into silver nanoparticles 

during exposure to the plant extracts could be followed by colour change due to 

excitation of surface plasmon vibrations in silver nanoparticle. Silver nanoparticles 

exhibit interesting optical properties directly associated with localized surface 

plasmon resonance which is highly depends on the morphology of the 

nanoparticles [15]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) Photograph showing colour changing. (A) 2mM AgNO3 without M. 

communis extract (B) Aqueous leaf extract of M. communis (C) Changing 

colour from greenish to dark brown after adding 2mM AgNO3 and heated at 

70 °C for 3 min. 
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Figure (3) UV/Vis absorption spectra of reduction of silver ions to silver 

nanoparticles after heating at 70 °C for 3 min. 

The X-ray diffraction pattern of the biosynthesized silver nanostructure 

produced by the leaf extract was further demonstrated and confirmed by the 

characteristic peaks observed in the XRD image Figure (4). The Braggs reflections 

were observed in the XRD pattern at 2 θ of 38.50° and 44.75° in the whole 

spectrum of value ranging from 20 to 60 and indicated that the structure of silver 

nanoparticles is Face-Centered Cubic (FCC). These are corresponding to (111) and 

(200) planes for silver, respectively. The lattice constant calculated from this 

pattern was a = 4.086 A° and the data obtained was matched with the database of 

Joint Committee on Powder Diffraction Standards (JCPDS) file No. 04-0783. The 

average grain size of the silver nanoparticles formed in the bioreduction process 

was determined using Scherr’s formula and was estimated as 60-100 nm.  

The frequency and width of the surface plasmon absorption depends on the size 

and shape of the metal nanoparticles as well as on the dielectric constant of the 

metal itself and the surrounding medium [28, 29]. It is generally recognized that 

UV–VIS spectroscopy could be used to examine size- and shape-controlled 

nanoparticles in aqueous suspensions [19, 30]. XRD is commonly used for 

determining the chemical composition and crystal structure of a material; therefore, 

detecting the presence of silver nanoparticles in plants extracts can be achieved by 

using XRD to examine the diffraction peaks of the plant [20]. In present study the 

X-ray pattern of synthesized silver nanoparticles matches the FCC structure of the 

bulk silver. The X-ray diffraction results clearly show that the silver nanoparticles 

formed by the reduction of Ag+ ions by the M. communis might are crystalline in 

nature. 

 

 

 

 

 

 

 

 
 

 

Figure (4) XRD patterns recorded from drop-coated films on glass substrate 

of silver nanoparticles synthesized by treating M. communis extract with 

AgNO3 aqueous solutions. 

 

In this study, the application of silver nanoparticles as an antimicrobial agent 

was investigated and demonstrated that the zone of inhibition increased according 

to concentration of silver nanoparticles in all human pathogens Figure (5).  At 

2mM silver nanoparticles, the 20 mm clear inhibitory zone appeared around 100 μl 

against S. aureus, S. pneumoniae after incubation for 24 h, then 19 mm for Gram-

negative bacteria E. coli and P. volgaris followed by K. pneumonia, P. aeruginosa 
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(17 mm).  However, the effect was more pronounced against Gram-positive 

bacteria than Gram-negative bacteria. Thus, silver nanoparticles could be 

considered as excellent broad-spectrum antibacterial agents. More importantly, the 

silver nanoparticles produced by M. communis also exhibited potent antifungal 

activity against C. albicans. Since the biosynthesized silver nanoparticles showed 

considerable antifungal activity, they could be potential to be widely used in 

clinical applications [31]. This observation is in agreement with earlier studies [9, 

21, 32].  

The mechanism of inhibitory action of silver nanoparticles on microorganisms, 

though not very clearly understood, could be by their adhesion to the cell 

membrane and further penetration inside or by interaction with phosphorus 

containing compounds like DNA disturbing the replication process or preferably by 

their attack on the respiratory chain. It has also been suggested that a strong 

reaction takes place between the silver ions and thiol groups of vital enzymes, such 

as NADH dehydrogenase II in the respiratory system, which is implicated as a 

candidate for the site of production of reactive oxygen species in vivo [33]. 

Therefore, inhibition of this enzyme results in an increase in the free radical 

production. The increase in catalase production in the presence of ROS could be 

explained by the necessity for cells to reduce the concentration of H2O2, which is 

the source of the free radicals. It is proposed that reactive oxygen species can 

induce apoptotic pathways in bacteria which could ultimately lead to their death 

[33, 34]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5) Size of the inhibition zone for silver nanoparticles synthesized by 

treating M. communis extract against the tested microorganisms.  AgNPs = 

Silver nanoparticles, * p<0.05; ** p<0.01; *** p<0.001. 

 

        CONCLUSIONS 
In conclusion, the leaves extract of M. communis are capable of synthesize 

silver nanoparticles has been demonstrated. It is rapid biological synthesis, 

environmental friendly, simple and efficient route for synthesis of nanoparticles. 

These obtained silver nanoparticles have potential applications in the biomedical 

field and this simple procedure has several advantages such as cost effective, 
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compatibility for medical and pharmaceutical applications. The biosynthesized 

silver nanoparticles showed excellent antimicrobial activity. Antimicrobial activity 

concluded that the synthesized nanoparticle more effective for gram positive 

bacteria when compared with gram negative bacteria. The results of synthesized 

nanoparticle leads towards the clinical use as antimicrobial agent. 

Conflict of interest statement 

We declare that we have no conflict of interest. 

Acknowledgment  

The authors are sincerely thankful to Miss Wasnna H. Mohammed for the 

microbiological aspect of this work and facilities to accomplish the present 

research project within time. 

 

REFERENCES 

[1].Bae, E.; Park, HJ.; Lee, J.; Kim ,Y.; Yoon, J.; Park ,K. (2010). Bacterial 

cytotoxicity of the silver nanoparticle related to physicochemical metrics 

and agglomeration properties. Envion Toxicol Chem; 29(10): 2154-2160. 

[2].Pal, S.; Tak, YK.; Song, JM. (2007). Does the antibacterial activity of 

silver nanoparticles depend on the shape of the nanoparticle? A study of 

the gram-negative bacterium Escherichia coli. Appl Environ Microbiol; 

73: 1712-1720. 

[3].Jain, D.; Daima, HK.; Kachhwaha, S.; Kothari, SL. (2009).Synthesis of 

plant-mediated silver nanoparticles using papaya fruit extract and 

evaluation of their anti microbial activities. Dig J Nanomater Biostruct; 4: 

723-727. 

[4].Gurunathan, S.; Kalishwaralal, K.; Vaidyanathan, R.; Deepakm, V.; 

Pandian, SRK.;Muniyandi, J. (2009).Biosynthesis, purification and 

characterization of silver nanoparticles using Escherichia coli. Colloids 

Surf B; 74: 328-335. 

[5].Parashar, V.; Parashar, R.; Sharma, B.; Pandey, AC. (2009). Parthenium 

leaf extract mediated synthesis of silver nanoparticles: a novel approach 

towards weed utilization. Dig J Nanomater Biostruct; 4: 45-50. 

[6].Sivakumar, P.; Nethra Devi, C.; Renganathan, S. (2012). Synthesis of 

silver nano particles using Lantana camara fruit extract and its effect on 

pathogens. Asian J Pharm Clin Res; 5(3): 97-101. 

[7].Farooqui, M.D.A.; Chauhan, P.S.; Krishnamoorthy, P.; Shaik, J. (2010).  

Extraction of silver Nanoparticle from the leaf extracts of Clerodendrum 

inerme, Dig. J. Nanomat. Biostruct, 543 - 549. 

[8].Upendra, K.P.; Preeti, S.S.; Anchal, S. (2009). Bioinspired synthesis of 

silver nanoparticles. Dig. J. Nanomater. Biostruct.; 4 :159–166. 

[9].Dipankar, C.; Murugan, S. (2012).The green synthesis, characterization 

and evaluation of the biological activities of silver nanoparticles 

synthesized from Iresine herbstii leaf aqueous extracts. Colloids and 

Surfaces B: Biointerfaces.; 98: 112- 119. 



Eng. & Tech. Journal, Vol.31, No.3, 2013        Antimicrobial Activity of Silver Nanoparticles    

                                                                            Synthesized   by Myrtus Communis Extract 

 

    

408 

 

[10].Santos, I.P.; Marzan, L.M.L. (1999). Formation of PVP-protected metal 

nanoparticles in DMF. Langmuir; 15: 948-951.  

[11].Bera, R.K.; Das, A.K.; Raj, C.R. (2010). Scope of network polysilanes 

in the synthesis of fluorescent silver and gold nanoparticles/nanoclusters-

modulations of their optical properties in the presence of Hg (II) ions. 

Chem. Mater; 22: 4505–4511.  

[12].Plante, I.J.L.; Zeid, T.W.; Yangab, P.; Mokari, T. (2010). Synthesis of 

metal sulfide nanomaterials via thermal decomposition of single-source 

precursors. J Mater Chem; 20: 6612-6617. 

[13].Cheng, Y.; Yin L.; Lin, S.; Wiesner, M.; Bernhardt, E.; Liu ,J. 

(2011).Toxicity reduction of polymer-stabilized silver nanoparticles by 

sunlight. J. Phys. Chem. C; 115: 4425–4432.  

[14].Hirsch, T.; Zharnikov, M.;  Shaporenko, A.; Stahl, J.;  Weiss, D.; 

Wolfbeis, OS. (2005). Size-controlled electrochemical synthesis of metal 

nanoparticles on monomolecular templates. Angew Chem Int Ed; 44: 

6775-6778. 

[15].Kouvaris, P.; Delimitis ,A.; Zaspalis, V.; Papadopoulos, D.; Tsipas, 

SA.; Michailidis, N. (2012).Green synthesis and characterization of silver 

nanoparticles produced using Arbutus Unedo leaf extract. Materials Lett; 

76: 18-20. 

[16].Sunkar, S.; Nachiyarm CV. (2012). Microbial synthesis and 

characterization of silver nanoparticles using the endophytic bacterium 

Bacillus Cereus: A Novel Source in the Benign Synthesis. Global J Med 

Res; 12(2): 43-50.  

[17].Schneidewind, H.; Schuler, T.; Strelau, K.K.; Weberm K.; Cialla, 

D.; Diegel, M. (2012). The morphology of silver nanoparticles prepared by 

enzyme-induced reduction. Beilstein J Nanotechnol ; 3: 404-414. 

[18].Kumar, V.; Yadav, S. K. (2009). Plant-mediated synthesis of silver and 

gold nanoparticles and their applications. J. Chem. Technol. 84: 151-157.  

[19].Prasad, T.N.V.K.V.; Elumalai, EK. (2011). Biofabrication of Ag 

nanoparticles using Moringa oleifera leaf extract and their antimicrobial 

activity. Asian Pac J Trop Biomed; 1(6): 439-443. 

[20].Panneerselvam, C.; Ponarulselvam, S.; Murugan, K.; Kalimuthu, K.; 

Thangamani, S. (2012). Synthesis of silver nanoparticles using leaves of 

Catharanthus roseus Linn. G. Don and their antiplasmodial activities.  

Asian Pac J Trop Biomed; 574 -580. 

[21].Sulaiman, G M.; Mohammed, WH.; Marzoog, TR.; Al-Amiery ,A A.; 

Kadhum, A. H. ; Mohamad, A. (2012). Green synthesis, antimicrobial and 

cytotoxic effects of silver nanoparticles using Eucalyptus chapmaniana 

leaves extract.  Asian Pac J Trop Biomed. Accepted.  

[22].Mendes, M.M.; Gazarini, L.C.; Rodrigues, M.L. (2001). Acclimation 

of Myrtus communis to contrasting Mediterranean light environments - 

http://www.ncbi.nlm.nih.gov/pubmed?term=Schneidewind%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23016145
http://www.ncbi.nlm.nih.gov/pubmed?term=Sch%C3%BCler%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23016145
http://www.ncbi.nlm.nih.gov/pubmed?term=Strelau%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=23016145
http://www.ncbi.nlm.nih.gov/pubmed?term=Weber%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23016145
http://www.ncbi.nlm.nih.gov/pubmed?term=Cialla%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23016145
http://www.ncbi.nlm.nih.gov/pubmed?term=Cialla%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23016145
http://www.ncbi.nlm.nih.gov/pubmed?term=Diegel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23016145
http://www.ncbi.nlm.nih.gov/pubmed/23016145


Eng. & Tech. Journal, Vol.31, No.3, 2013        Antimicrobial Activity of Silver Nanoparticles    

                                                                            Synthesized   by Myrtus Communis Extract 

 

    

409 

 

effects on structure and chemical composition of foliage and plant water 

relations. Environ. Experimental Botany , 45: 165-178. 

[23].Gortzi, O.; Lalas, S .; Chinou, I.; Tsaknism J. (2008). Reevaluation of 

bioactivity and antioxidant activity of Myrtus communis extract before and 

after encapsulation in liposomes. European Food Research and 

Technology, 226 (3): 583-590. 

[24].Mansouri, S.; Foroumadi, A. ; Ghaneie , T. ; Najar , A. G. (2001) . 

Antibacterial activity of the crude extracts and fractionated constituents of 

Myrtus communis. Formerly International Journal of Pharmacognosy, 39 

(5): 399-401. 

[25].Shahidi Bonjar, GH. (2004). Antibacterial screening of plants used in 

Iranian folkloric medicine. Fitoterapia, 75:231-235.  

[26]. Sumbul, M.A.; Ahmad, M.; Asif, M.; Akhtar, I. ;Saud, S. (2012). 

Physicochemical and phytochemical standardization of berries of Myrtus 

communis Linn.  Journal of Pharmacy BioAllied Sciences, 4 (4): 322-326. 

[27].Raut rajesh, W.; Jaya, R.L.; Niranjan, S.K.; Sahebrao, B.M.D.K. 

(2009). Phytosynthesis of silver nanoparticles using glirricidia sepium 

(Jacq.). Curr Nanosci; 5: 117-122.  

[28].Udayasoorian, C.; Kumar, R.V.; Jayabalakrishnan, M. (2011). 

Extracellular synthesis of silver nanoparticles using leaf extract of Cassia 

auriculata. Dig J Nanomater Biostruct; 6 (1): 537-543. 

[29].Bijanzadeh, A.R.; Vakili, M. R.; Khordad, R. A. (2012). Study of the 

surface plasmon absorption band for nanoparticles. Internat J Phys Sci; 

7(12): 1943-1948.  

[30].Wiley, B.J.; Im S.H., Li Z.Y., McLellanm J.; Siekkinen, A.; Xia, Y. 

(2006). Maneuvering the surface plasmon resonance of silver 

nanostructures through shape-controlled synthesis. J Phys Chem 

B; 110(32): 15666-15675.  

[31].Guangquan, L.; Dan, H.; Yongqing, Q.; Buyuan, G.; Song, G.; Yan 

C.; Koji, Y. and Li W. (2012). Fungus-Mediated Green Synthesis of Silver 

Nanoparticles Using Aspergillus terreus. Int J Mol Sci, 13(1): 466–476. 

[32].Suriya, J.; Bharathi Raja, S.; Sekar, V. and Rajasekaran, R. (2012). 
Biosynthesis of silver nanoparticles and its antibacterial activity using 

seaweed Urospora sp. African J Biotechnol, 11(58): 12192-12198. 

[33].Matsumura, Y.; Yoshikata, K.; Kunisak, S.; Tsuchido, T. (2003). Mode 

of bactericidal action of silver zeolite and its comparison with that of silver 

nitrate. Appl Environ Microbiol,   69:  4278–4281. 

[34].Pandian, S. R. K.; Deepak, V.; Kalishwaralal ,K.; Viswanathan, P.; 

Gurunathan, S. (2010). Mechanism of bactericidal activity of silver nitrate 

a concentration dependent bi-functional molecule. Braz J Microbiol, 

41 (3): 805-809. 

 

http://lib.bioinfo.pl/pmid:15030933
http://lib.bioinfo.pl/pmid:15030933
http://www.jpbsonline.org/searchresult.asp?search=&author=Sabiha+Sumbul&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jpbsonline.org/searchresult.asp?search=&author=M+Aftab+Ahmad&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jpbsonline.org/searchresult.asp?search=&author=M+Asif&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jpbsonline.org/searchresult.asp?search=&author=Mohd+Akhtar&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jpbsonline.org/searchresult.asp?search=&author=Ibne+Saud&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=He%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qian%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guan%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cui%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cui%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yokoyama%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5Bauth%5D


Eng. & Tech. Journal, Vol.31, No.3, 2013        Antimicrobial Activity of Silver Nanoparticles    

                                                                            Synthesized   by Myrtus Communis Extract 

 

    

410 

 

 


