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  Abstarct: The biosynthesis of transition metal nanoparticles is gaining importance due to their biocompatibility, low toxicity and 

environmental friendly nature. Plant mediated synthesis of nanoparticles is a green chemistry approach that interconnects 

nanotechnology and plant biotechnology. In the present study, synthesis of silver nanoparticles (AgNPs) has been demonstrated using 

extracts of Ginger (Gingeber officinale) reducing aqueous silver nitrate. The reduction of silver ions occurred when silver nitrate 

solution was treated with aqueous extract of Gingeber officinale at 60 º C. Synthesised silver nanoparticles (AgNPs) were confirmed by 

analyzing the excitation of Surface Plasmon Resonance (SPR) using UV – Vis spectrophotometer at 425 nm. The XRD pattern showed 

the characteristic Bragg peaks of (111), (200), (220) and (311) facets of the face center cubic (fcc) silver nanoparticles and confirmed 

that these nanoparticles are crystalline in nature with size ranging from 7-34 nm, which were characterised by Scanning Electron 

Microscope. FTIR spectroscopy reveals the functional group responsible for the reduction of Ag Nps.  The structural morphology was 

confiremed by SEM analysis.The chemical composition of the nanoparticles is characterized by Energy Dispersive X-ray spectroscopy. 

Synthesized silver Nps show good antimicrobial effect against various pathogens which were analyzed by well diffusion method.  

 

I. Introduction 
           The Field of nanotechnology is the most active 

area of research in modern materials science.  In recent 

years, researchers in the field of nanotechnology are 

finding that metal nanoparticles have all kinds of 

previously unexpected benefits. They are mostly 

prepared from noble metals, that is, silver, gold, platinum 

and palladium, silver nanoparticles (AgNPs) being most 

exploited [1].   Silver nanoparticles have unique optical, 

electrical, and thermal properties and are being 

incorporated into products that range from photovoltaic 

to biological and chemical sensors. Additional 

applications include molecular diagnostics and photonic 

devices, which take advantage of the novel optical 

properties of these Nanomaterials. An increasingly 

common application is the use of silver nanoparticles for 

antimicrobial coatings. Many textiles, keyboards, wound 

dressings, and biomedical devices now contain silver 

nanoparticles that continuously release a low level of 

silver ions to provide protection against bacteria.   

                Different types of nanomaterials like Copper, 

Zinc, Titanium [2], Magnesium, Gold [3] and Silver have 

come up but Silver nanoparticles have proved to be most 

effective as it has good antimicrobial efficacy against 

bacteria, viruses and other eukaryotic microorganisms [4]. 

Colloidal silver is of particular interest because of 

distinctive properties, such as good conductivity, 

chemical stability, Catalytic and antibacterial activity [5]. 

              Various protocols used for nanoparticles 

production often require the use of toxic chemical 

solvents/surfactants [6–8] and strong reducing agents 

(e.g., borohydride or hydrazine) [9–12], which typically 

generate large quantities of hazardous waste. Hence, 

nanoparticles synthesis procedures that eliminate the use 

of hazardous reagents [9, 13–15] and afford greener, 

more cost-effective alternatives are becoming more 

desirable as the number of nanoparticle applications 

increases. This is particularly true for biomedical 

research applications of metallic nanoparticles, which are 

rapidly growing due to their potential as therapeutic [16, 

17] and contrasting agents [18]. Biological methods have 

emerged as an alternative to the conventional methods 

for synthesis of NPs. Synthesis of inorganic nanoparticles 

by biological systems makes nanoparticles more 

biocompatible and environmentally benign [19]. 

Moreover, the process is cost effective too [20]. Many 

bacterial as well as fungal species have been used for 

silver nanoparticles synthesis [21]. But most of them 

have been reported to produce AgNPs intracellular. This 

synthesis always takes longer reaction times and also 

demands subsequent extraction and recovery steps. On 

the contrary, in plant extract mediated synthesis, the 

reaction times have also been reported to be very short 

compared to that of microbial synthesis. Most 

importantly, the process can be suitably scaled up for 

large scale synthesis of NPs [22]. Many plants such as 

Pelargonium graveolens [23], Medicago sativa [24], 

Azadirachta indica [22], Lemongrass [25], Aloe vera 

[26], Cinnamomum camphora [27], Emblica officinalis 

[28], Capsicum annuum [29], Diospyros kaki [30], 

Carica papaya [31], Coriandrum sp. [32], Boswellia 

ovalifoliolata [33], Tridax procumbens, Jatropha curcas, 

Solanum melongena, Datura metel, Citrus aurantium 

[34], and many weeds [1, 35] have shown the potential of 

reducing silver nitrate to give formation of AgNPs. 
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                   We herein report the synthesis of silver  

nanoparticles by the reduction of aqueous Ag
+
 and  with 

the extract of ginger (Zingiber officinale) 

rhizome .Ginger is known for its medicinal values such 

as ginger has been used to treat skin diseases, colorectal 

cancer, arthritis, heart condition and also have been 

reported for its antibacterial properties [36,37,38]. Thus 

the approach is cost efficient and completely biogenic 

method for synthesisizing silver nanoparticles. An 

investigation detail of present work is as follows. 

 

II. Experimental Details. 

 

2.1. Materials 

 

 Silver nitrate (AgNO3, 99.99%) was purchased from 

Sigma Aldrich chemicals. Fresh ginger is purchased from 

a local market. 

  

2.2. Biosynthesis of Silver Nanoparticles using plant     

       Extract 

 

   A five gm of fresh ginger rhizome is washed thoroughly. 

It is crushed using a mortar and 50 ml of water is added 

to it. It is boiled for 5 minutes and filtered. The extract 

was stored at 4° C for further experiments. This filtrate is 

used as a reducing and stabilizing agent for silver 

nanoparticles. 

       In the phyto -synthesis protocol, aqueous silver 

nitrate (90 ml of 1mM ) was added to 10 ml of the plant 

extract and kept for stirring at 60° C for 4hrs. The 

bioreduction of silver ions was monitored soon after 5 

minutes by the colour change of the mixture. The colour 

changed from dull white to brown and then deep brown.  

The observed colour change of the reaction mixture is 

shown in Fig1a&1b. 

The colour change is due to the excitation of Surface 

plasmon Resonance which plays an important role in the 

confirmation of silver nanoparticles formation [42].The 

fully reduced solution was centrifuged at10000 rpm for 

15 minutes. The supernatant liquid was removed and the 

pellet obtained was washed in distilled water. The pellets 

are then dried and stored for further characterization. 

                                                    
 

Fig. 1a.  (Silver Nitrate with immediate 

 addition of plant extract) 

 

 
 

Fig. 1b (After reduction of Silver Nitrate) 

 

III. Results and Discussion 

 

3.1 UV – Vis spectrum analysis of Silver nano 

particles. 
   The formation and stability of the reduced silver 

nanoparticles in the colloidal solution was monitored by 

Perkin Elmer Lambda UV – Vis double beam 

spectrophotometer, SAIF, SPU, AVADI. Fig 2. Exhibits 

the UV – Vis spectra ranges from 340 to 740 nm. The UV 

– Vis spectra showed maximum absorbance at 422 nm 

corresponding to the Surface Plasmon Resonance of 

Silver nanoparticles. It is reported earlier that absorbance 
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at around 430 nm for silver is a characteristic of these 

noble metal particles [43]. 

 
 Fig. 2. UV spectrum of synthesised Ag 

nanoparticlesusing fresh ginger extract. 

 

3.2 XRD – analysis of synthesized silver nano    

              particles. 

 

       Crystalline structure and size of the nanoparticles 

were carried out by XRD. It was carried out in Nuclear 

Physics Dept, University of Madras. A thin film of the Ag 

nanoparticles is prepared by dipping a glass plate in the 

solution to carry out the X- Ray diffraction studies. The 

diffraction pattern is recorded by Cu – Kα radiation with 

a wavelength of 1.78 A°, the scanning in the region from 

20° to 90° for 2θ  at 0.02°/min and a time constant with 2 

s. The XRD pattern is as shown in Fig 3. The five distinct 

diffraction peaks at 27.57°, 31.96°, 33.26°, 46.05° and 

64° corresponds to the  (012),(104),(111), (200)  (220) 

facets of the FCC crystal structure respectively. Thus the 

crystalline nature of the Silver nanoparticles is confirmed. 

The broadening of Bragg's peaks indicates the formation 

of nanoparticles. The mean size of the silvernanoparticles 

was calculated using the Scherer’s equation D =  0.94λ / 

β cos θ   where D is the average crystalline domain size 

perpendicular to the reflecting planes,  λ  is the X- Ray 

wavelength,  β is the full width at half maximum 

(FWHM), and θ is the diffraction angle. It is found that 

the calculated average size is 33.4 nm from FWHM 

peaks. A few intense additional and yet unassigned peaks 

were also noticed in vicinity of the characteristic peaks of 

silver. These sharp Bragg peaks might have resulted from 

some bioorganic compounds/protein(s) present in the 

fresh ginger extract. The slight shift in the peak positions 

indicated strain in the crystal structure which is a 

characteristic of nanocrystals [44] The intensity of the 

Bragg reflections suggests strong X-ray scattering centers 

in the crystalline phase and pure crystalline silver 

structures have been obtained with average particle size 

of 7 nm to 34nm, and the shape was cubic in nature. It 

was reported that Ocimum sanctum leaf extract could 

bioreduce silver ions into crystalline silver nanoparticles 

(4-30nm) [45]. 

  
 

             Fig.  3. XRD pattern of synthesized Ag        

            nanoparticles using fresh ginger extract.

 

3.3 SEM analysis 

 

     Scanning electron microscopy analysis reveals the 

structural morphology of the synthesized silver 

nanoparticles. The SEM study has been carried out in 

SAIF, IIT, Chennai. The SEM image of Agnp is as shown 

in Fig 4.  It reveals that the synthesized nanoparticles are 

predominantly spherical in shape. The SEM image shows 

the size of the nanoparticles ranging from 15 to 34 nm 

which is in good agreement with the size obtained by 

Scherer’s formula. Similar result of the silver 

nanoparticles size was obtained for AgNps synthesized 

using Jartropha curcas and Henna leaf reported by Bar et 

al., and Kasthuri et al., 2009. [46, 47]  

             

 
 

Figure 3. SEM images of Ag Nanoparticles 
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3.4 EDX analysis 

 

       Quantitative elemental analysis of sample was per-

formed by EDX spectroscopic method. The energy dis-

persive X-ray analysis (EDX) reveals strong signal in the 

silver region and confirms the formation of silver nano-

particles. Metallic silver nanocrystals generally show 

typical optical absorption peak approximately at 3 KeV 

due to surface Plasmon resonance. Fig 4. shows the EDX 

spectrum of spherical nanoparticles prepared with this 

bio reduction method. The strong peaks around 3 KeV 

correspond to the binding energies of Ag. Results ob-

tained coincide with the peak value obtained for AgNp 

synthesized by using Coleus aromaticus [48]. Some other 

signals correspond to C and O was also observed which 

indicate the presence of plant phytochemical acting as 

capping elements. The results indicated that the reaction 

product was composed of high purity Ag nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Figure 4. EDX Analysis of Ag Nanoparticles 

 

 

3.5 FTIR- Analysis Of Ag Nano particles 

 

FTIR analysis is carried out to identify the possible bio-

molecules responsible for reduction as well as efficient 

stabilization of the silver nanoparticles. FTIR analysis 

was carried out at SAIF, IIT, Chennai. Fig 5 shows the 

typical spectrum obtained for Silver nano particles, (a), 

where the spectrum of fresh 
ginger

, is also displayed for 

comparison. The spectrum of fresh ginger has several 

absorption peaks observed at 815 cm
-1

, 1030 cm
-1

, 1235 

cm
-1

, 1287 cm
-1

, 1323 cm
-1

, 1451 cm
-1

, 1634 cm
-1

, 2863 

cm
-1

, 2922 cm
-1

 and 3291 cm
-1

. The bands at 2922 cm
-

1
and 2863   cm

-1
could be due to alkenes C-H stretch 

which is associated with lipid molecules in the fresh gin-

ger rhizome. The IR band at an intense broad line at 3291 

cm
-1

 is characteristic of the hydroxyl functional group in 

alcohols and phenolic compounds. After reduction of 

silver nanoparticles the decrease in intensity from 3291to 

3259 indicate the involvement of the OH group in the 

reduction process. The shift of the band from 1267 cm-1 

to 1265 cm
-1

, 1514 cm
-1

 to 1520 cm
-1

, 1634 cm
-1

 to 1627 

cm
-1 ,

 2663 to 2667 cm
-1

 and 2922 to 2923 cm
-1

 were at-

tributed to the binding of C-C, N-O, C=O,CH and al-

kenes CH group with the  nanoparticles 29 (42). The 

bands at 1033 cm
-1

, 1428 cm-1 , 2033 cm
-1

, 2091 cm
-1

and 

2863 cm
-1

 are due to CO stretching in ether , ethylene, 

CH, CH2   The bands at 998 cm
-1

 , 1076cm
-1

 , 1110 cm
-1

 , 

2111 cm
-1

 , and 2345 cm
-1

 are due to C-CH3, C-H, C-O,  

Ctriplebond N, CO2   reveals that these functional groups 

present in the fresh ginger extract could have acted as 

capping as well as stabilizing agent for the synthesized 

nanoparticles. The wave numbers at 1030 cm
-1

, 1451 cm
-

1
, 2091 cm

-1
 and 2863 cm

-1
 C-O, CH3, N-N, C-H-O re-

spectively completely disappeared in the spectrum of Ag 

nanoparticles. Reduction of Ag1 to Ag
0
 is mainly respon-

sible for the total disappearance these bands after bio 

reduction.  
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Figure 5.   FTIR spectrum of Ginger and AgNps 

 

IV. Anti microbial activity of Silver Nano particles 

    

The Silver nanoparticles showed efficient antimicrobial 

activity compared to other salts due to their extremely 

large surface area, which provide better contact with mi-

croorganisms. The antimicrobial activity of silver nano-

particles was found to be size dependent, the nanoparti-

cles of size 25 nm possessed highest antimicrobial activi-

ty. The mechanism of inhibitory action of silver nanopar-

ticles on micro organisms is partially known. Silver na-

noparticles have positive charge, it will attach with nega-

tive charged microorganisms by the electrostatic attrac-

tion in the cell wall membrane [49] and Silver nanoparti-

cles are associated with the thiol groups of cell wall re-

sulted in the generation of reactive oxygen species and 
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disrupting the cell [50]. The silver nanoparticles closely 

associated with cell wall of bacteria by forming ‘pits’ 

finally it affects the permeability and cause cell death 

[52]. The bactericidal and antifungal activity of silver 

nanoparticles was analyzed by Well diffusion method.  

The zone of inhibition for the pathogens is as shown in 

Fig 6. The gram positive bacterium Staphylococcus 

aureus ,  Bacillus subtilis and Salmonella tyhi and gram  

negative bacterium Ecceria coli and Klebsilla pneumonia 

and the fungal strains Candida albicans, aspergillus 

flavus, were examined against silvernano particles. The 

zone of inhibition for these bacterium and fungi against 

silver nanoparticles is clearly tabulated in table1. The 

concentration of silver nanoparticles was varied with 25, 

50,100 μg/ml. From the table it is observed that the first 

two concentrations were resistant to the bacterium and 

the fungi and the third concentration (100 μg/ml ) 

showed good inhibition zone against them. Thus the sil-

ver nanoparticles synthesised using fresh ginger extract 

has Minimum Inhibition Concentration of 100 μg/ml. 

Our study coincided with the report of Mahitha et al 

(2011)[53]. They have examined the antibacterial activity 

of silver nanoparticles against the gram positive (Staphy-

lococcus aureus ,  Bacillus subtilis) and gram nega-

tive(Ecceria coli and Klebsilla pneumonia) bacterium. 

Singh et al reported the Ag Nps using Ginger extract. But 

they reported that it took 11 days for Ag NO3 to reduce to 

Ag Nps and they reported the inhibition zone of Ag Nps 

against only E.coli. In our present work, silver nanoparti-

cles have been synthesized in a short period using ginger 

as we use magnetic stirrer and heater for the procedure. 

Further, we have reported that the Ag NPs have good 

antimicrobial effect against the bacteria causing food 

borne illness, [39], Urinary Tract Infections, blood stream 

infections[40] and  fungi causing disseminated infection 

[41]  that are very difficult to treat. 

 

   Table 1. Inhibition Zone of AgNp against microbes 

 

Microorganism 

Inhibition zone for 

Silver nanoparticles 

conc (µg/ml) in mm 

Inhibition 

zone for 

Standard 

in mm 

25 50 100 

e.coli R R 10 10 

klebsiella pnuemoniae R R 17 17 

salmonella tyhi R R 20 18 

staphylococcus aurus R R 14 17 

bacillus subtlis R R 22 22 

candida albicans R R 14 25 

aspergillus flavus R     R 9 17 

aspergillus niger R R R 17 

Standard Antibiotics:  

AMIKACIN for bacteria 

KETOKONAZOLE – for fungi 

C – Control - Water 

                                
 

Fig 6a.Inhibition zone of Ag Np against S.aureus                            Fig 6b.Inhibition zone of Ag Np against aspergillus flavus 
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Fig 6c.Inhibition zone of Ag Np against b. subtlis                                      Fig 6d.Inhibition zone of Ag Np against c albica      

                            
 

 Fig 6f.Inhibition zone of Ag Np against E.coli                                      Fig 6e, Inhibition zone of Ag Np against s. tyhi 

                                  

V. Conclusion 
 

The silver nanoparticles in the range from 7-34 nm were 

synthesised in a rapid and ecofriendly manner. These 

particles have been characterised by UV absorption spec-

tra with the absorption peak at 422 nm. The synthesize 

nanoparticles were confirmed by XRD and average size 

was found by using Scherer’s formula as 20 nm which 

was established by SEM. The SEM analysis reveals the 

structural morphology which was spherical in shape. The 

EDAX confirms the significance presence of Silver nano 

particles.  Capping and stabilizing agent plays an im-

portant role in the synthesis of nanoparticles which were 

characterised by FTIR. Finally the antimicrobial activity 

of these nanoparticles against various pathogens was 

successfully confirmed by well diffusion method with 

inhibition zone on the agar plate. Thus the biologically 

synthesised silvernanoparticles could be of immense use 

in medical field.  

 

 

References 
 

[1] N. Roy and A. Barik, “Green synthesis of silver nanoparticles from 
the unexploited weed resources,” International Journal of 

Nanotechnology, vol. 4, p. 95, 2010 

[2] Retchkiman-Schabes PS, Canizal  G, Becerra-Herrera R, Zorrilla C, 
Liu HB, Ascencio JA (2006), Biosynthesis and characterisation of Ti/Ni 

bimetallic nanoparticles. Opt matter 29: 95-99. 

[3] Gu H, Ho PL, Tong E, Wang L, XU B (2003) presenting 
vancomycin on nanoparticles to enhance antimicrobial activities. Nano. 

lett. 3(9). 1261-1263. 

[4] Gong p. Li H, He X, Wang K, Hu J, Tan W, Zhang S, Yang X (2007). 

Preparation and antimicrobial activity of Fe2O3 and Ag nanoparticles. 

Nanotech 18: 604-611 

[5] Ferritini A, Pellegri N, Nicastro D, De Sanctis O (2005). Effect of 
amine groups in the synthsis of Ag nanoparticles using aminosilanes. 

Mater. Chem. Phys. 94. 148-152 

[6] M. Brust, M. Walker, D. Bethell, D. J. Schiffrin, and R. Whyman, 
“Synthesis of thiol-derivatised gold nanoparticles in a two-phase liquid-

liquid system,” Journal of the Chemical Society, Chemical 

Communications, no. 7, pp. 801–802, 1994. 
[7] A. P. Herrera, O. Resto, J. G. Briano, and C. Rinaldi, “Synthesis and 

agglomeration of gold nanoparticles in reverse micelles,” 
Nanotechnology, vol. 16, no. 7, pp. S618–S625, 2005.  

[8] C. L. Kitchens, M. C. McLeod, and C. B. Roberts, “Chloride ion 

effects on synthesis and directed assembly of copper nanoparticles in 



 

International Journal of Advanced Scientific Technologies in Engineering and Management Sciences (IJASTEMS-ISSN: 2454-356X)            Volume.2,Issue.5,May.2016 

 

www.ijastems.org Page 16 
 

liquid and compressed alkane microemulsions,” Langmuir, vol. 21, no. 

11, pp. 5166–5173, 2005.  

[9] M.-L. Wu and L.-B. Lai, “Synthesis of Pt/Ag bimetallic 

nanoparticles in water-in-oil microemulsions,” Colloids and Surfaces A, 

vol. 244, no. 1–3, pp. 149–157, 2004. 
[10] J. Liu, J. Sutton, and C. B. Roberts, “Synthesis and extraction of 

monodisperse sodium carboxymethylcellulose-stabilized platinum 

nanoparticles for the self-assembly of ordered arrays,” Journal of 
Physical Chemistry C, vol. 111, no. 31, pp. 11566–11576, 2007. 

[11] J. Liu, M. Anand, and C. B. Roberts, “Synthesis and extraction of 

ß-D-glucose-stabilized au nanoparticles processed into lowdefect, wide-
area thin films and ordered arrays using CO2- expanded liquids,” 

Langmuir, vol. 22, no. 9, pp. 3964–3971, 2006. 

[12] J. Liu, F. He, T. M. Gunn, D. Zhao, and C. B. Roberts, “Precise 
seed-mediated growth and size-controlled synthesis of  palladium 

nanoparticles using a green chemistry approach,” Langmuir, vol. 25, no. 

12, pp. 7116–7128, 2009. 
[13] S. Y. Moon, T. Kusunose, and T. Sekino, “CTAB-assisted synthesis 

of size- and shape-controlled gold nanoparticles in SDS aqueous 

solution,” Materials Letters, vol. 63, no. 23, pp. 2038–2040, 2009. 

[14] Z. M. Sui, X. Chen, L. Y.Wang et al., “Capping effect of CTAB on 

positively charged Ag nanoparticles,” Physica E, vol. 33, no. 2, pp. 

308–314, 2006. 
[15] S. C. Boca and S. Astilean, “Detoxification of gold nanorods by 

conjugation with thiolated poly(ethylene glycol) and their         

assessment as SERS-active carriers of Raman tags,” Nanotechnology, 
vol. 21, no. 23, Article ID 235601, 2010. 

[16] M. C. Urbina, S. Zinoveva, T. Miller, C. M. Sabliov, W. T. Monroe, 

and C. S. S. R. Kumar, “Investigation of magnetic nanoparticle-polymer 
composites for multiple-controlled drug delivery,” Journal of Physical 

Chemistry C, vol. 112, no. 30, pp. 11102–11108, 2008. 

[17] R. Bhattacharya, C. R. Patra, A. Earl et al., “Attaching folic acid on 
gold nanoparticles using noncovalent interaction via different 

polyethylene glycol backbones and targeting 

of cancer cells,” Nanomedicine: Nanotechnology, Biology, and 
Medicine, vol. 3, no. 3, pp. 224–238, 2007. 

[18] R. E. Rosensweig, “Heating magnetic fluid with alternating 

magnetic field,” Journal of Magnetism and Magnetic Materials, vol. 

252, no. 1–3, pp. 370–374, 2002. 

[19] K. Govindaraju, S. Tamilselvan, V. Kiruthiga, and G. Singaravelu, 

“Biogenic silver nanoparticles by Solanum torvum and their promising 
antimicrobial activity,” Journal of Biopesticides, vol. 3, no. 1, pp. 394–

399, 2010.  

[20] N. Roy and A. Barik, “Green synthesis of silver nanoparticles from 
the unexploited weed resources,” International Journal of 

Nanotechnology, vol. 4, p. 95, 2010. 

[21] D. Mandal, M. E. Bolander, D. Mukhopadhyay, G. Sarkar, and P. 
Mukherjee, “?e use of microorganisms for the formation of metal 

nanoparticles and their application,” applied Microbiology and 
Biotechnology, vol. 69, no. 5, pp. 485–492, 2006. 

[22] S. S. Shankar, A. Rai, A. Ahmad, and M. Sastry, “Rapid synthesis 

of Au, Ag, and bimetallic Au core-Ag shell nanoparticles using Neem 
(Azadirachta indica) leaf broth,” Journal of Colloid and Interface 

Science, vol. 275, no. 2, pp. 496–502, 2004. 

[23] S. S. Shankar, A. Ahmad, and M. Sastry, “Geranium leaf assisted 
biosynthesis of silver nanoparticles,” Biotechnology Progress, vol.19, 

no. 6, pp. 1627–1631, 2003. 

[24] J. L. Gardea-Torresdey, E. Gomez, J. R. Peralta-Videa, J. G.Parsons, 
H. Troiani, and M. Jose-Yacaman, “Alfalfa sprouts: a natural source for 

the synthesis of silver nanoparticles,”Langmuir, vol. 19, no. 4, pp. 

1357–1361, 2003. 
[25] S. S. Shankar, A. Rai, A. Ahmad, and M. Sastry, “Controlling the 

optical properties of lemongrass extract synthesized gold 

nanotriangles and potential application in infrared-absorbing optical 
coatings,” Chemistry of Materials, vol. 17, no. 3, pp.566–572, 2005. 

[26] S. P. Chandran, M. Chaudhary, R. Pasricha, A. Ahmad, and 

M.Sastry, “Synthesis of gold nanotriangles and silver nanoparticles 
using Aloe vera plant extract,” Biotechnology Progress, vol. 22, no.2, 

pp. 577–583, 2006. 

[27] J. Huang, Q. Li, D. Sun et al., “Biosynthesis of silver and gold 
nanoparticles by novel sundried Cinnamomum camphora leaf,” 

Nanotechnology, vol. 18, no. 10, Article ID 105104, 2007. 

[28] B. Ankamwar, C. Damle, A. Ahmad, and M. Sastry, “Biosynthesis 

of gold and silver nanoparticles using Emblica officinalis fruit 

extract, their phase transfer and transmetallation in an organic solution,” 

Journal of Nanoscience and Nanotechnology, vol. 5, no. 
10, pp. 1665–1671, 2005. 

[29] S. Li, Y. Shen, A. Xie et al., “Green synthesis of silver 

nanoparticles using Capsicum annuum L. extract,” Green Chemistry, 
vol. 

9, no. 8, pp. 852–858, 2007. 

[30] J. Y. Song and B. S. Kim, “Biological synthesis of bimetallic 
Au/Ag nanoparticles using Persimmon (Diopyros kaki) leaf 

extract,” Korean Journal of Chemical Engineering, vol. 25, no. 4, pp. 

808–811, 2008. 
[31] D. Jain, H. Kumar Daima, S. Kachhwaha, and S. L. Kothari, 

“Synthesis of plant-mediated silver nanoparticles using papaya 

fruit extract and evaluation of their anti microbial activities,” Digest 
Journal of Nanomaterials and Biostructures, vol. 4, no. 3, 

pp. 557–563, 2009. 

[32] K. B. Narayanan and N. Sakthivel, “Coriander leaf mediated 

biosynthesis of gold nanoparticles,” Materials Letters, vol. 62, 

no. 30, pp. 4588–4590, 2008.  

[33] S. Ankanna, T. N. V. K. V. Prasad, E. K. Elumalai, and N. 
Savithramma, “Production of biogenic silver nanoparticles using 

Boswellia ovalifoliolata stem bark,” Digest Journal of Nanomaterials 

and Biostructures, vol. 5, no. 2, pp. 369–372, 2010. 
[34] P. Rajasekharreddy, P. U. Rani, and B. Sreedhar, “Qualitative 

assessment of silver and gold nanoparticle synthesis in various 

plants: a photobiological approach,” Journal of Nanoparticle Research, 
vol. 12, no. 5, pp. 1711–1721, 2010.  

[35] V. Parashar, R. Parashar, B. Sharma, and A. C. Pandey, 

“Parthenium leaf extract mediated synthesis of silver nanoparticles: 
a novel approach towards weed utilization,” Digest Journal of 

Nanomaterials and Biostructures, vol. 4, no. 1, pp. 45–50, 2009. 

[36] Glorious Ginger: Root out Ailments with This Ancient Spice 
published by thefoodpaper.com 

[37] University of Maryland Medical Centre (2006). 

http://www.umm.edu/altmed/articles/ginger 000246.htm 

[38] M. O'Hara, D. Kiefer, K. Farrell, K. Kemper, Archives of Family 

Medicine 7,523 (1998).   

39. Foodborne Illness Acquired in the United States—Major Pathogens 
Elaine Scallan,1 Robert M. Hoekstra, Frederick J. Angulo, Robert V. 

Tauxe, Marc-Alain Widdowson, Sharon L. Roy, Jeffery L. Jones, and 

Patricia M. Griffin Author affiliation: Centers for Disease Control and 
Prevention, Atlanta, Georgia, USA Emerg Infect Dis. 2011 Jan; 17(1): 

7–15. 

40.  Rein Saral, Candida and Aspergillus Infections in 
Immunocompromised Patients: An Overview Clin Infect Dis. (1991) 13 

(3): 487-492. 
41. Molecular Correlation for the Treatment Outcomes in Bloodstream 

Infections Caused by Escherichia coli and Klebsiella pneumoniae with 

Reduced Susceptibility to Ceftazidime Annie Wong-Beringer1,   Janet 
Hindler2, Michael Loeloff5,  Anne Marie Queenan5,  Nancy Lee3,  

David A. Pegues4,  John P. Quinn6, and  Karen Bush5, Clinical 

Infectious Diseases (2014) 58 (5): 748-750 
[42] S. Rajesh kumar, C. kannan, G. Annadurai, Drug invention Today 4, 

511-513 (2012). 

[43]  A. R. V. Nestor., V. S. Mendieta, M.A.C. Lopez, R. M. G. Epinosa,  
J.A.A.Alatorre, Mater. Letter, 62, 3103-3105. 

44. Sathishkumar, M., Sneha, K., Won,S.W. Cho, C.W., Kim,S., 

Yun,Y.S, “Cinnamon zeylanicum bark extract and powder mediated 
green synthesis of nano-crystalline silver particles and its bactericidal 

activity”, Colloids and Surfaces B: Biointerfaces, 73 (2), 332-338, 2009. 

[45] Garima Singhal., Riju Bhavesh., Kunal Kasariya., Ashish Ranjan 
Sharma., Rajendra Pal Singh, “Biosynthesis of silver nanoparticles 

using Ocimum sanctum (Tulsi) leaf extract and screening its 

antimicrobial activity”, J Nanopart Res, 13,2981-29  
[46] Bar H, Bhui DK, Sahoo GP, Sarkar P, De SP, Misra A (2009) 

Green synthesis of silver nanoparticles using latex of Jatropa curcas. 

Colloids.Surf A:Physico. Eng.Asp.339: 134-139 
[47] J. Kasthuri, S.Veerapandian, N.Rajendiran, (2009). Biological 



 

International Journal of Advanced Scientific Technologies in Engineering and Management Sciences (IJASTEMS-ISSN: 2454-356X)            Volume.2,Issue.5,May.2016 

 

www.ijastems.org Page 17 
 

synthesis of silver and gold nanoparticles using apiin as reducing agent. 

Colloids. SurfacB:, Biointer.68: 55-60. 

[48]. Mahendra Vanaja, Gurusamy Annadurai Coleus aromatics leaf 

extract mediated synthesis of Silver nanoparticles and its bactericidal 

activity. 
[49]. Diprov P, J.Dzioba, K.K.Kosink, CC. Hase, Chemiosmotic 

mechanism of antimicrobial activity of Ag(+) in vibro cholera. 

Antimicrob Agents Chemother 46: 2268-2670.  
[50]. Lara HH, Ayala- Nuaez NV,  L.Ixtepan Turrent, C. Rodriguez –

padilla (2010) Bactericidal effect of multi drug resistant bacteria world 

J Microbial Biotechnology 26: 615-621. 
[51]. Sondi , B. Saloepaek-Sondi, Silver nanoparticles as antimicrobial 

agent: a case study on E.Coli as a model for Gram- Negative bacteria, 

J.Colloid interface Sci. 275:177-182 
[52]. B. Mahita,  B. Devaprasad Raju, G.R. Dilip, C.M. Reddy, 

K.Mallikarjuna, L.Manoj, S. Priyanka, KJ. Rao,  N.J.Sushma, 

Biosynthesis,characterization and antimicrobial studies of AgNPs from 
baccopa monniera whole plant. Dig J nanometer Biostruct 6(1): 135-

142.  

[53]. Kannan R.R.R, Stirk W.A., Van staden J, South African Journal of 

Botany, 2013, 86, 1-4. Appl Nanoscience (2013) 3:217-223. 

[54] Singh R.P, Magesh S, Rakkiyappan  C, International Journal of 

Bio-Engineering Sciences &Technoogy, 2(3), 2011, 75-80. 


