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Abstract 
A novel green approach for the synthesis and stabilization of silver nanoparticles (AgNPs) using plant 

leaf essential oil compound Geraniol under ambient conditions is reported in this article. The instant 

formation of AgNPs was analyzed by visual observation and UV–visible spectrophotometer. Further the 

effect of pH on the formation of AgNPs was also studied. The synthesized AgNPs were characterized by 

FT-IR, XRD, SEM with EDS, HR-TEM and fluorescence spectroscopy. Appearance of brownish orange 

colour confirmed the formation of AgNPs. In the neutral pH, the stability of AgNPs was found to be 

high. The stability of AgNPs is due to capping of phyto constituents present in the plant leaf essential oil 

compound Geraniol which is evident from FT-IR studies. The XRD pattern of synthesized AgNPs 

showed their powder nature. HR-TEM studies revealed that the diameter of stable AgNPs was 

approximately 29 nm. The antifungal activity results showed that synthesized silver nanoparticle from the 

plant leaf oil compound geraniol cas highly active against clinically isolated human fungal pathogens, 

Aspergillus niger, Aspergillus flavus, Candida albicans, Candida tropicalis and Candida kefyr. 
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1. Introduction 

Nanotechnology is an important field of modern research dealing with design, synthesis, and 

manipulation of particles structure ranging from approximately 1-200 nm. Tremendous growth 

in this emerging technology has opened novel fundamental and applied frontiers, including the 

synthesis of nano scale materials and exploration or utilization of their exotic physicochemical 

and optoelectronic properties. Nanotechnology is rapidly gaining importance in a number of 

areas such as health care, cosmetics, food and feed, environmental health and biomedical 

sciences applications (Kokubo and Hashim, 2012; Schmid, 1992) [16, 27]. 

The field of nano science has been established recently as a new interdisciplinary science 

which can be defined as a whole knowledge on fundamental properties of nano-size objects 

(Sergeev, 2006) [28]. Size and shape of nanoparticles provide an efficient control over many of 

their physical and chemical properties (Alivisatos, 1996; Sergeev, 2008) [2, 29] and their 

potential application in medicine (Moreno-Manas, Pleixats, 2003; Yamada et al., 2003; 

Freitas, 2005) [18, 34, 7]. Silver nanoparticles (NPs) have unique electronic and optical properties, 

and hence they have been used in abroad range of field biological labelling (Moskovits, 1985; 

Jana et al., 1999; Shiraishi and Toshima 1999; Morones et al, 2005; Guo et al, 2008; Dadosh, 

2009) [20, 11, 32, 19, 6, 5]. Ag ions and AgNPs were found to be highly toxic to microbes, with 

strong biocidal effects. Silver nano particles possess potential application to eliminate 

microorganisms and hold the promise of killing microbes effectively (Priya et al., 2011) [22]. 

Today, nano metal particles, especially silver, have drawn the attention of scientists because of 

their extensive application in the development of new technologies in the areas of, material 

sciences and medicine at the nano scale (Magudapathy et al., 2001; Kohler et al., 2001; 

Joerger et al, 2000) [17, 15, 14]. Silver nanoparticles have many applications; for example, they 

might be used as spectrally selective coatings for solar energy absorption and intercalation 

material for electrical batteries, as optical receptors, as catalysts in chemical reactions, for 

biolabelling and as antimicrobials. (Magudapathy et al., 2001; Kohler et al., 2001; Joerger et 

al., 2000; Panacek, 2006) [17, 15, 14, 21]. Many reports have been published in the literature on the 

biogenesis of silver nano particles using plant extracts geranium leaves (Pelargonium 

graveolens) (Shankar et al., 2004; Shankar et al., 2003) [31, 30]. 
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The reducing property of different plant constituents such as 

Geraniol may play a critical role in the reduction of Ag+ to 

silver nanoparticles. However, the synthesis of silver nano 

particles using plant constituents has not yet been studied for 

a large number of natural compounds. In this study, the 

synthesis of silver nanoparticles using Geraniol has been 

investigated. 

This present study the silver nanoparticles were synthesized 

from plant leaf essential oil compound Geraniol and these 

nanoparticles was characterized. Antifungal activity test was 

done to know the biological activity of synthesized silver 

nanoparticles against the most pathogenic fungi. 

 

2. Materials and Methods 

2.1 Plant leaf essential oil compound 

The plant leaf essential oil compound were purchased from 

Commercial center Aromax Trading Company, Chennai, 

Tamil Nadu (India).The silver nitrate (Agno3) were purchased 

from Hi Media (Mumbai, India). 

 

2.2 UV-Vis absorption spectroscopy 

The reduction of pure Ag+ ions in presence of plant leaves 

essential oil compound was monitored by observing the UV-

Vis spectrum of the reaction medium at 3 hours after diluting 

a small aliquot of the sample into distilled water. The UV-Vis 

spectra were recorded in a Hitachi (U 3900) UV-Vis 

spectrophotometer. 

 

2.3 X-Ray diffraction studies 

The formation and structure of AgNPs were checked by X-ray 

diffraction (XRD) spectrum. For XRD, a drop coated films of 

the bio-reduced AgNO3 solution was prepared on glass 

substrates. The crystal structures of the films were analyzed 

by using an X-ray diffractometer (Make: Seifert, Model 003 

T/T) with CuKá radiations operated at 40kV and 30mA. 

 

2.4 Transmission Electron Microscopy 

TEM images of synthesized AgNPs were obtained for size 

and shape determination using JEOL 200 TEM operated at an 

accelerating voltage of 300 kV. Prior to analysis, AgNPs were 

sonicated for 5 minutes, and a drop of appropriately diluted 

sample was placed onto carbon-coated copper grid liquid 

fraction was allowed to evaporate at room temperature. 

 

2.5 X-Ray Diffractometry 

XRD measurements were recorded on Rigaku Miniex II X-

ray diffractometer. For XRD measurements, the AgNPs were 

dried in oven at 60 ∘C and such dried powder was further 

analyzed on XRD for their phase structure and exact material 

identification. Cu 𝛼 radiation (𝑘= 1.5418 Å) was selected and 

the diffractogram was obtained in the 2𝜃𝜃 range of 10–60 

degree. 

 

2.6 Fourier Transform Infrared (FTIR) Spectroscopy 

The binding properties of AgNPs synthesized by plant leaf 

essential oil compound Geraniol were investigated by FTIR 

analysis. FTIR measurements were taken on Bruker vertex 70. 

Dried and powdered AgNPs were palleted with potassium 

bromide (KBr) (1: 10 proportion).spectra were recorded in the 

wave number range of 450–2500 cm−1 and analyzed by 

subtracting the spectrum of pure KBr. 

 

2.7 Green Synthesis of Silver Nanoparticles 

For biosynthesis of nanoparticles, 90 ml of 2 mm AgNO3 was 

taken in a conical flask and 2 ml of plant leaf essential oil 

compound Geraniol cas added to it drop by drop. The above 

solution was kept on magnetic stirrer. 

 

2.8 Fluorescence Spectroscopy 

This is the newest fluorescence technique to be applied in the 

petrochemical industry. The method uses a pulsed excitation 

source and measures, either directly or indirectly, the decay of 

the fluorescence intensity as a function of time after the pulse. 

The most important parameter in this technique is the 

fluorescence lifetime or the average time that the molecule 

remains in the excited state before decaying to the ground 

electronic state by the emission of fluorescence. Excited 

species with different fluorescence spectra and/or different 

lifetimes will emit with different intensities at different times. 

TRFS data can be conveniently represented as a three-

dimensional map of the fluorescence intensity as a function of 

emission wavelength and time for each excitation wavelength. 

For crude oils, the fluorescence lifetime was found to be very 

dependent on the API gravity (Quinn et al., 1988) [24]. TRFS 

has been used by several groups for petroleum 

characterization and classification (Hegazi et al., 2005, 

Hegazi and Hamdan, 2002, Hegazi et al., 2001) [10, 9, 8] and 

TRFS maps have been applied with success in the 

identification of petroleum products such as kerosene, 

gasoline and diesel fuel (Saitoh and Takeuchi, 2006) [26]. 

 

Determination of anti-fungal assay 

2.9 Agar well diffusion test 

The antifungal activity of plant leaf essential oil compound 

Geraniol against the fungal pathogens Aspergillus niger, 

Aspergillus flavus, Candida albicans, Candida tropicalis and 

Candida kefyr was determined in previous studies (Burt, 

2004; Prabuseenivasan et al., 2005) [3]. The synthesized silver 

nanoparticles of plant leaf essential oil compound Geraniol 

cas taken upto 25µl for assay. Culture suspension were spread 

on potato dextrose agar medium. Then, bores (2mm depth, 6 

mm diameter) were made using sterile borer and were loaded 

with 15µl of plant leaf essential oil Geraniol sample 

Fluconazole and Amphotericin -B were used as a positive 

reference. The petri dish were kept for 2 hours at 4 °C and 

then incubated at 37 °C for overnight. The fungal growth 

were noted after 48 hours and antifungal activity was 

evaluated by measuring the diameter of the growth inhibition 

zones in millimeter. Then the values were tested through 

statistical analysis.  

 

2.10 Fungal Strains 

The fungi used in this assay Aspergillus niger, Aspergillus 

flavus, Candida albicans, Candida tropicalis and Candida 

kefyr was provided from Microlabs Institute of research and 

Technology. 

 

3. Results 

3.1 In vitro antifungal test 

The plant leaf essential oil compound Geraniol showed 

notable antifungal activity against Aspergillus niger, 

Aspergillus flavus, Candida albicans, Candida tropicalis and 

Candida kefyr in (Table. 1).The essential oil geraniol cas very 

highly active against Candida kefyr (7.59±0.78) and least 

against Aspergillus niger (3.29±0.18). Silver nitrate solution 

showed no activity any fungal species. The synthesized silver 

nanoparticles of plant leaf essential oil compound geraniol cas 

also highly active against Aspergillus flavus (16.47±0.58) and 
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least against Candida tropicalis (2.39±0.78). All fungi were 

found to be sensitive to all test essential oil compound 

Geraniol and synthesized silver nanoparticle Geraniol and 

mostly comparable to the standard reference antifungal drug 

Amphotericin B and fluconazole to some extent. 

 
Table 1: Antifungal activity of synthesized silver nanoparticle Geraniol oil compound 

 

Microorganisms Geraniol oil compound Agno3 Silver nanoparticle Geraniol Antifungal agents 

Aspergillus niger 3.29± 0.18a 0.00±0.00a 14.45±0.13a 3.03± 0.38a Amphotericin -B 

Aspergillus flavus 4.00±0.28b 0.00± 0.00b 16.47±0.58b 3.17±0.69b Amphotericin -B 

Candida albicans 3.46±0.44c 0.00±0.00c 4.89±0.25c 25.27± 0.67cb Fluconazole 

Candida tropicalis 4.57±0.25d 0.00±0.00d 2.39±0.78d 24.18±0.49d Fluconazole 

Candida kefyr 7.59± 0.78e 0.00±0.00e 4.35±0.68e 27.19±0.59e Fluconazole 

 

The values are represented as the Mean ± SD of plant leaf 

essential oil compound Geraniol and synthesized silver 

nanoparticle Geraniol. These plant leaf essential oil Geraniol 

and synthesized silver nanoparticle Geraniol have significant 

effect at 0.05 levels 

 

 
 

Fig 1: Inhibition of growth of selected fungi by synthesized silver nanoparticle from plant leaf essential oil compound Geraniol 

3.2 Biological synthesis of silver nanoparticles 

The plant leaf essential oil compound Geraniol cas added to 

10 ml of oily Geraniol to 80 ml of 2 mm silver nitrate solution 

and then the magnetic stirrer is kept inside the conical flask 

solution and then vigorously it was continuously stirred with 

magnetic stirrer for twenty five minutes on hot plate and then 

the colour changed in pale brown colour which indicates the 

formation of silver nanoparticles shown in Fig (2). The UV–

Vis spectra of silver nanoparticles synthesized by plant leaf 

oil compound Geraniol are showed broad peak observed at 

420 nm was seen in (Fig. 3). 

 

  
 

  Fig 2(a): Silver nitrate solution  Fig 2(b): Synthesized silver nanoparticle 
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Fig 2(c): UV–Vis spectrum analysis of silver nanoparticle reduced 

by plant leaf oil compound Geraniol at 420 nm 

 

3.3 SEM analysis 

The scanning electron microscope study showed the structure 

of synthesized silver nanoparticles was small round shaped 

and dispersed everywhere. (Fig 3a).The analysis of energy 

dispersive spectroscopy (EDS) of the silver nanoparticles the 

presence of elemental silver signal was confirmed. (Fig 3b). 

 

 
 

Fig (3a): Scanning electron microscope image of silver nanoparticle 

synthesized by plant leaf oil compound Geraniol 
 

 
 

Fig (3b): Sem-EDS spectrum showed the presence of silver signal 
 

3.4 TEM analysis 

The transmission electron microscope image of silver 

nanoparticle was noted in (Fig 4).The picture suggests that the 

small dot dark round shaped silver nanoparticles are 

distributed widely with a diameter of 29 nm. 

 
 

Fig 4: Transmission electron microscope image of silver 

nanoparticle synthesized by plant leaf oil compound Geraniol. 
 

3.5 XRD study 

The X-ray diffraction pattern of silver nanoparticle was 

shown in (Fig 5). The XRD pattern thus clearly illustrates that 

the silver nanoparticles present green synthesis method are 

powdery in nature. 

 

 
 

Fig 5: XRD patterns of silver nanoparticles synthesized by plant leaf 

essential oil compound Geraniol 

 

3.6 FTIR analysis 

The FTIR spectrum of silver nanoparticles is shown in 

Figure.6. The band at 3489cm-1 is assigned to the O-H 

stretching of H-bonded alcohols and phenols. The peak 

formed at 2978 cm-1 is because of C-H stretching and 

symmetric stretching of methoxy groups. The strong peak at 

1768 cm-1 shows the stretching vibrations of C=O. The band 

at 1636 cm-1 corresponds to the N-H bending of primary 

amines. The value 1444 cm-1 is related to the C-C stretching 

of aromatic ring structure. The bands at 1349cm-1 are related 

to the C-N stretching of aromatic amine group. Whereas in 

the region 1026 cm-1 are corresponding to the C-C stretching 

of alcohols, carboxylic acids, ethers and esters which are 

binding to metal to form a silver nanoparticle. 

 

 
 

Fig 6: FTIR spectrum of vacuum dried powder of silver 

nanoparticles synthesized by plant leaf essential oil compound 

Geraniol 
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3.7 Fluorescence Spectroscopy Analysis 

The fluorescent spectra of synthesized silver nanoparticle 

were shown in (Fig 7). A broad emission band having 

prominent peak centered at ∼450 nm is observed for the plant 

leaf oil compound Geraniol as it is excited at 400 nm. In this 

study emission intensity gradually increases with the 

decreasing concentration of Agno3. This decreasing intensity 

suggest that due to the close proximity of emissive species 

with nanoparticles, quenching of emission take takes place 

through energy transfer process. 

 

 
 

4. Discussion 

Formation of AgNPs by reduction of silver nitrate during 

exposure to plant leaf essential oil compound Geraniol may 

act as reducing and capping agents in silver nanoparticles 

synthesis. Studies have indicated that biomolecules of oily 

Geraniol like protein, carbohydrates, flavonoids and phenols 

not only play a role in the capping of the nanoparticles, but 

also play an important role in reducing the ions to the nano 

size (Vedpriya, 2010; Collera-Z ´u˜niga et al., 2005) [33, 4] and 

the many other biomolecules found in the oily Geraniol like 

enzymes, vitamins, amino acids, and polysaccharides 

(Jagadeesh et al., 2004) [13] play a vital role in the reduction of 

Ag+ ions It shows the change in colour of the reaction 

medium as an effect of presence of any type of reducing 

substance. As per this qualitative assessment of reducing 

potential of plant oily compound Geraniol mediated synthesis 

of AgNPs, reduction of silver nitrate to elemental silver has 

been attributed to the presence of reductive enzymes. 

The plant leaf essential oil compound Geraniol components 

involved in reduction of silver nitrate to elemental silver 

(Shankar et al., 2004) [31] have speculated the role of reducing 

sugars for the reduction of silver nitrate to silver 

nanoparticles. Natural antioxidants have been reported to have 

strong reducing ability. As Geraniol possess a potent 

antioxidant activity, we attribute the reduction process to their 

presence of high quantity of antioxidants. Medicinal plants 

oils are the most productive source of new compounds as 

secondary metabolites, which include alkaloids, tannins, 

flavonoids, steroids, terpenoids, phenyl propanoids and 

anthraquinones. 

Plant leaf essential oil compound Geraniol contain a complex 

network of antioxidant metabolites and enzymes that work 

together to prevent oxidative damage to cellular components. 

It also contains beneficial plant phyto chemicals (Ferulic acid 

and chlorogenic acid) which have antioxidant and anti-cancer 

activities. These antioxidative compounds delay or inhibit the 

oxidation of molecules by inhibiting the initiation or 

propagation of oxidative chain reaction. The anti-oxidative 

activity of phenolic compounds is mainly due to their redox 

property, which plays an important role in absorbing and 

neutralizing free radicals, quenching singlet and triplet 

oxygen or decomposing peroxides (Rai and 

Lalramnghinglova, 2011) [25]. Several reports have 

conclusively shown close relationship between total phenolic 

contents and anti-oxidative capacity (Jimoh et al., 2011). The 

antioxidant activity is the result of a combination of different 

com- pounds having synergistic and antagonistic effect 

(Ahmad et al., 2012) [1]. 

 

5. Conclusion 

In conclusion, an efficient, eco-friendly and simple Green 

synthesis method has been developed for the preparation of 

AgNPs, with plant oily compound Geraniol both reducing as 

well as stabilizing agent. The bio- reduction of aqueous Ag+ 

ions by the leaf extracts of the plant has been demonstrated. In 

the present study we found that plant leaves essential oil 

compound Geraniol were good source for the synthesis of 

silver nanoparticles has many advantages such as, ease with 

which the process can be scaled up, economic viability and to 

obtain smaller particle size. This study demonstrated the 

possibility of use of biologically synthesized silver nano 

particles with oily Geraniol and their incorporation in 

materials, providing them sterile properties and these prepared 

silver nano particles can be used as anti-bactericidal, anti-

fungicidal, anti-atherosclerotic, immune modulation 

properties and in wound healing, water purification and also 

in the field of medicine. 

  

6. Acknowledgments 

The authors wish to thank Indian Institute of Technology 

Sophisticated Analytical and instrumentation facility Chennai 

Tamilnadu, India for their full support to complete this 

nanotechnology project work. 

 

7. References 

1. Ahmad N, Sharma S. Green Synthesis of Silver 

Nanoparticles Using Extracts of Ananascomosus. Green 

and Sustainable Chemistry. 2012; 2:141. 

2. Alivisatos AP. Perspectives on the physical chemistry of 

semiconductor nanocrystals, The Journal of Physical 

Chemistry. 1996; 100:13226-13239. 

3. Burt SA. Essentialoils: Their antibacterial properties and 

potential applications in foods. A review Int. J Food 

Microbiology. 2004; 94:223-253 

4. Collera-Z ´u˜niga O, Garc´ıaJim´enez F. Mel´endez 

Gordillo R. Comparative study of carotenoid composition 

in three Mexican varieties of Capsicum annuum L, Food 

Chemistry. 2005; 90(1-2):109-114. 

5. Dadosh T, Sperling J, Bryant G, Breslow R, Shegai T, 

Dyshel M, Haran G, et al. Plasmonic control of theshape 

of the Raman spectrum of a single molecule in asilver 

nanoparticle dimer, ACS nano. 2009; 3:1988-1994. 

6. Guo JZ, Cui H, Zhou W, Wang W. Ag nanoparticle 

catalyzed chemiluminescent reaction between luminol 

andhydrogen peroxide, Journal of Photochemistry 

andPhotobiology A: Chemistry. 2008; 193:89-96. 

7. Freitas RA. What is nano medicine? Nanomedicine: 

Nanotechnology, Biology and Medicine. 2005; 1:2-9. 

8. Hegazi E, Hamdan A, Mastromarino J. New approach 

forspectral characterization of crude oil usingtime-

resolved fluorescence spectra. Applied Spectroscopy. 

2001; 55(2):202-207. 



 

~ 453 ~ 

The Pharma Innovation Journal 

9. Hegazi E, Hamdan A. Estimation ofcrude oil grade using 

time-resolved fluorescence spectra. Talanta. 2002; 

56(6):989-995. 

10. Hegazi E, Hamdan, A, Mastromarino J. Remote 

fingerprinting of crude oil using time resolved 

fluorescence spectra. The ArabianJournal for Science and 

Engineering. 2005; 30(1B):3-12. 

11. Jana NR, Sau TK, Pal T. Growing small silver particle 

asredox catalyst, The Journal of Physical Chemistry B. 

1999; 103:115-121. 

12. Jimoh F, Sofidiya M, Afolayan A. Antioxidant 

propertiesof the methanol extracts from the leaves of 

Paulliniapinnata, Journal of medicinal food. 2007; 

10:707-711. 

13. Jagadeesh BH, Prabha TN, Srinivasan K. “Improved 

shelf life of bell capsicum fruits by manipulation of the 

activities of glycosidases through heat,” Indian Journal of 

Plant Physiology. 2004; 9(2):164–168. 

14. Joerger R, Klaus T, Granqvist CG. Biologically produced 

silver-carbon composite materials for optically functional 

thin-film coatings. Adv Mater. 2000; 12(6):407-409. 

15. Kohler JM, Csaki A, Reichert J, Moller R, Straube W, 

Fritzsche W. Selective labeling of oligonucleotide 

monolayers by metallic nanobeads for fastoptical readout 

of DNA Chips. Sens Actuators B. Chem. 2001; 

76(13):166-172. 

16. Kokubo K, Hashim A. Water soluble single-nano 

carbonparticles: fullerenol and its derivatives, the 

delivery of nanoparticles. In Tech, 2012, 317-332 

17. Magudapathy P, Gangopadhyay P, Panigrahi B K,Nair 

KGM, Dhara, S. Electrical transport studies of Ag Nano 

clusters embedded in glass matrix. Physica B. 2001; 

299(1-2):142-146. 

18. Moreno-Manas M, Pleixats R. Formation of carbon-

carbonbonds under catalysis by transition-metal 

nanoparticles, Accounts of chemical research. 2003; 

36:638-643. 

19. Morones JR, Elechiguerra JL, Camacho A, Holt K, Kouri 

JB, Ramirez JT, Yacaman MJ. The bactericidal effectof 

silver nanoparticles, Nanotechnology. 2005; 16:2346. 

20. Moskovits M. Surface-enhanced spectroscopy, Reviews 

ofModern Physics. 1985; 57:783. 

21. Panacek A, Kvitek L, Prucek R, Kolar M, Vecerova R, 

Pizurova N, et al. Silver colloid nanoparticles Synthesis, 

characterization, and their antibacterial activity. J Phys. 

Chem. B. 2006; 110(33):16248-16253. 

22. Priya MM, Selvi BK, Paul J. Green Synthesis of silver 

nanoparticles from the leaf extracts of Euphorbia hirta 

and Neriumindicum, digest journal of nanomaterials and 

biostructures. 2011; 6:869-877. 

23. Prabuseenivasan S, Jayakumar, Ignacimuthu S. In Vitro 

antibacterial activity of some plant leaf essential oils 

BMC Compl. Alter. Med. 2004; 6:1-8 

24. Quinn MF, Joubiam S, Albahrani F, Al-Aruri S, 

Alameddine OA. Deconvolution technique for 

determining the intrinsic fluorescence decay lifetimes of 

crude oils. Applied Spectroscopy. 1988; 42(3):406-410. 

25. Rai PK, Lalramnghinglova H. Ethnomedicinal Plants of 

India with Special Reference to an Indo-Burma Hotspot 

Region: An overview, Ethnobotany Research 

&Applications, 2011, 9. 

26. Saitoh N, Takeuchi S. Fluorescence imaging of 

petroleum accelerants by time resolved spectroscopy with

a pulsed Nd-YAG laser. Forensic Science International. 

2006; 63:38-50. 

27. Schmid G. Large clusters and colloids. Metals in the 

embryonic state, Chem. Rev. 1992; 92:709-1727. 

28. Sergeev GB, Nanochemistry, Elsevier Science, 2006. 

29. Sergeev GB, Shabatina TI. Cryochemistry of nano 

metals, Colloids and Surfaces A: Physicochemical and 

Engineering Aspects. 2008; 313:18-22. 

30. Shankar SS, Ahmad A, Sastry M. Geranium leaf assisted 

biosynthesis of silver nanoparticles. Biotechnol Prog. 

2003; 19(6):1627-1631. 

31. Shankar SS, Rai A, Ahmad A, Sastry M. Rapid synthesis 

of Au, Ag and bimetallic Au core-Agshell nanoparticles 

using Neem (Azadirachta indica) leaf broth. J Colloid 

Interface Sci. 2004; 275(2):496-502. 

32. Shiraishi, Y, Toshima N. Colloidal silver catalysts 

foroxidation of ethylene, Journal of Molecular Catalysis 

A: Chemical. 1999; 141:187-192. 

33. Vedpriya A. Living Systems: eco-friendly nano factories, 

Digest Journal of Nanomaterials and Bio structures. 

2010; 5(1):9–21. 

34. Yamada T, Iwasaki Y, Tada H, Iwabuki H, Chuah M, 

Vanden Driessche T, et al. Seno, Nanoparticles M for the 

delivery of genes and drugs to human hepatocytes, 

Nature biotechnology. 2003; 21:885-890.  


