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Green ultrasonic synthesis, Characterization and Antibacterial activity of Silver 
and Gold Nanoparticles mediated by Ganoderma lucidum extract
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Introduction
Nanotechnology is a field of great demand in modern research due to 
its application in multiple biomedical fields. Nanotechnology deals 
with synthesis, strategy and manipulation of particle of size 1 – 100 
nm [1]. The use of nanomaterials is particularly intriguing due to 
their high surface area to volume ratio and their unique physical and 
chemical properties. The application and properties of nanoparticles 
depend on their size, shape, morphology and composition [2]. The 
metal nanoparticles have potential applications in the fields of 
catalysis, photonics, medical and bioengineering [3]. The conventional  
methods used for their synthesis are not environmentally friendly as 
they involve use of toxic chemicals [4].

Green synthesis of metal nanoparticles offers an alternative 
method. It is simple, rapid and environmentally friendly. Green 
synthesis involves use of fungi, plant extracts, enzymes and 
bacteria [5-7]. Mushrooms contain bioactive components like 
proteins, flavonoids and phenols which can be used in reducing, 
capping and stabilizing nanoparticles [8]. 

The rise in emerging infectious diseases and their impact in 
increased incidences of drug resistance are well documented [9]. 
Thus, there is a pressing demand to discover novel strategies and 
identify new antimicrobial agents from natural and inorganic 

substances to develop the next generation of drugs or agents to 
control microbial infections [10]. Metal nanoparticles of different 
sizes tend to have different antimicrobial activities. The greatest 
challenge in biosynthesis is that, different plants produce metal 
nanoparticles of different sizes and shapes [11].

AgNPs have been reported to exhibit strong antiseptic, antibacterial, 
antifungal and antiviral properties thus making them to be of great 
interest in the medical field [12]. Gold nanoparticles (AuNPs) have 
also shown antibacterial, antifungal and anticancer activity [13]. 
AuNPs have also been used in the treatment of cancer tumors. 
Cancer cells along with bacteria and viruses can be damaged by 
nanophotothermolys with laser and gold nanoparticles [14]. 

In this study, G. lucidum was used to synthesize AgNPs and 
AuNPs. G. lucidum is known for its bioactive compounds for anti-
oxidant and anti-inflammatory activities [15]. It contains phytochemicals 
like flavonoids, polyphenols, terpenes and steroids which can be 
used as reducing, and capping agents in the assembly of AuNPs 
and AgNPs [16]. An ultrasonic bath was used as an agitator in the 
synthesis.
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Abstract
Metal nanoparticles possess an extensive scientific and technological significance due to their unique physiochemical 
properties and their potential applications in different fields like medicine. Silver and gold nanoparticles have shown to 
have antibacterial and cytotoxic activities. Conventional methods used in the synthesis of the metal nanoparticles involve 
use of toxic chemicals making them unsuitable for use in medical field. In our continued effort to explore for simple and 
eco-friendly methods to synthesize the metal nanoparticles, we here describe synthesis and characterization of gold and 
silver nanoparticles using Gonaderma lucidum, wild non-edible medicinal mushroom. G. lucidum mushroom contain 
bioactive compounds which can be involved in the reduction, capping and stabilization of the nanoparticles. Antibacterial 
activity analysis was done on E. coli and S. aureus. The synthesis was done on ultrasonic bath. Characterization of the 
metal nanoparticles was done by UV-VIS., High Resolution Transmission Electron Microscope (HRTEM) and FTIR. 
HRTEM analysis showed that both silver and gold nanoparticles were spherical in shape with an average size of 
15.82±3.69 nm for silver and 24.73±5.124nm for gold nanoparticles (AuNPs). FTIR analysis showed OH and -C=C- 
stretching vibrations, an indication of presence of functional groups of biomolecules capping both gold and silver 
nanoparticles. AgNPs showed inhibition zones of 15.5±0.09mm and 13.3±0.14mm while AuNPs had inhibition zones 
of 14.510±0.35 and 13.3±0.50mm on E. coli and S. aureus respectively. The findings indicate the potential use of AgNPs 
and AuNPs in development of drugs in management of pathogenic bacteria.
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Materials and Methods
Materials
G. lucidum (Figure 1) was collected from Trans Nzoia County in 
Western Kenya. It was transported to Kenyatta University, identified 
by taxonomist from Museums of Kenya, Nairobi and voucher 
specimen deposited at their herbarium.

Figure 1: Gonaderma lucidum

Sample Preparation
The G. lucidum was washed thoroughly with tap water to remove 
dust particles, debris and any other impurities. It was then washed 
with distilled water and shade dried. The dry G. lucidum was cut 
into small pieces then pulverized using Retsch 200 grinder. 10 g of 
the G. lucidum was mixed with 100ml of water in a conical flask 
then immersed in an ultrasonic bath for 3 hours at 60 ºC. The 
extract was filtered using what-man filter paper No. 1. The filtrate 
was centrifuged for 20 minutes at 3500 rpm to remove any fine 
plant materials. The supernatant liquid was stored at-4ºC until 
further use.

Synthesis of Gold and Silver Nanoparticles
5 ml of 5g/ml G. lucidum extract and 45 ml of 0.1M gold (III) 
chloride solution was mixed in a conical flask. The mixture was 
then immersed in ultrasonic bath and formation of the AuNPs 
monitored via colour change and by the use of UV-Vis spectrometer. 
Similarly the synthesis of AgNPs was done by mixing 5 ml of 5g/
ml G. lucidum extract and 45 ml of 0.001M AgNO3 solution in 
conical flask then immersed in sonicator.

UV-Vis Spectroscopy
UV-Vis spectrometer (Specord 200 Analytik jena) was used to 
monitor the formation of AuNPs and AgNPs. Scanning was done 
at regular intervals to check the intensity of the optical density of 
the absorption band in the range from 300 nm to 800 nm. Surface 
plasmon resonance(SPR) band for AgNPs absorb in the range 
400nm to 450nm while those of AuNPs appear in the range of 
500nm to 600nm. Water was used as blank [17, 18]. 

Fourier Transform Infra-Red (FTIR) Spectroscopy
Measurements were done using FTIR (Shidmanzu IRt racer-200) 
to determine the functional groups of biomolecules capping and 
stabilizing the nanoparticles. The sample was centrifuged at 5,000 
rpm for 20 minutes. The liquid was decanted from the centrifuge 
tube to obtain solid nanoparticles. The solid was mixed with KBr, 
ground then minipressed to a pellet for FTIR analysis.

High Resolution Transmission Electron Microscope (HRTEM)
The size, shape and morphology of the nanoparticles were 
determined by HRTEM (FEI Tecnai F20). The samples for HRTEM 
analysis were prepared by drop coating the AgNPs/AuNPs solution 
on to carbon-coated copper HRTEM grids [19].

Results and Discussion 
Visual Observation
Formation of the nanoparticles was monitored by observing the 
color change of the solution. The mixture of G. lucidum extract 
and AgNO3 solution changed from light yellow to orange after 3 
hours. Thereafter, there was no observable change (Figure 2). The 
colour change was an indication of formation of AgNPs [20].

Figure 2: Colour change of G. lucidum extract and AgNO3 
mixture at (i) 0 minutes (ii) 180 minutes on sonication.

The mixture of the G. lucidum extract and gold (III) chloride 
solution changed from light yellow to dark purple in one hour 
(Figure 3). The same colour change was observed by Priya 
Tharishini et al.,  when they synthesized gold nanoparticles using 
Cassia auriculata [21].

Figure 3: Colour change of G. lucidum extract and Au2Cl6 
mixture at (i) 0 minutes (ii) 60 minutes on sonication.
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UV-Vis Spectra Analysis
The formation of metal nanoparticles was further characterized 
using UV-Vis spectroscopy. The surface plasmon resonace (SPR) 
band for AgNPs appeared at λmax 417 nm (Fig. 4). The band was 
due to collective oscillation of electrons in the conduction band of 
AgNPs in resonance with a specific wavelength of incident light 
[22]. The optical density increased steadily up to 3 hours. Increase 
in optical density was due to increase in the concentration of the 
AgNPs as observed earlier by Maillard et al., on his study on silver 
growth by surface plasmon enhanced photoreduction of adsorbed 
silver ions (Ag+) [23]. There was no shift of absorption band with 
reaction time. This was an indication that the AgNPs formed were 
stable, uniform in size and well dispersed in the solution. 

Figure 4: UV-VIS spectra for G. lucidum AgNPs

The UV-Vis absorption spectrum of the synthesized AuNPs 
appeared at λmax 550 nm (Fig. 5), characteristic of AuNPs [18]. The 
shape, broadness and absorbance intensity of the spectrum 
remained constant. This observation indicated that the synthesized 
AuNPs were stable and well dispersed.

Figure 5: UV-Vis spectrum of G. lucidum AuNPs

High Resolution Transmission Electron Microscopy 
(HRTEM)
The TEM analysis confirmed that the synthesized AgNPs were 
spherical, with smooth surface and mono dispersed with no 
agglomeration as depicted in Figure 6. The AgNPs had an average 
size of 15.82±3.69nm.

Figure 6: HRTEM micrographs of AgNPs at different 
magnification

The results of Energy Dispersive X-ray (EDX) analysis (Figure 7) 
affirmed that the nanoparticles were pure silver with peaks at 
3.0KeV, characteristics of pure silver [24].

Figure 7: EDX spectrum of the AgNPs

Selected Area Electron Diffraction (SAED) analysis showed the 
synthesized AgNPs and AuNPs were crystalline in nature (Fig.8). 
The circular shinny sports were characteristic of crystalline 
nanoparticles [25].

Figure 8: SAED micrographs, A-for AgNPs and B-for AuNPs
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The TEM images (Fig. 9) of AuNPs showed that the nanoparticles 
had a smooth surface, monodispersed with no agglomeration. The 
average size of the nanoparticles was 24.73±5.124 nm (Figure 9), 
bigger in size than AgNPs.

Figure 9: A, B and C-HRTEM images of AuNPs at different 
magnification

AuNPs EDX spectrum (Figure 10) had peaks at 2.0KeV characteristics 
of pure gold [26].

Figure 10: EDX spectrum of the AuNPs

FTIR Analysis
The possible functional groups of potential biomolecules responsible 
for the synthesis of the nanoparticles were identified using FTIR 
analysis. FTIR spectrum analysis of both AgNPs and AuNPs showed 
absorption peaks at 3297.37 cm-1 and 1637.59 cm-1 (Figure 11) for 
O-H and C=C stretching. This showed that phenolic compounds 
could be involved in capping and stabilizing the nanoparticles.
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Figure 11: FTIR spectrum of G. lucidum mediated silver and 
gold nanoparticles.

Antibacterial Activity of Synthesized Gold and Silver 
Nanoparticles
The AgNPs antibacterial activity was tested on Gram-negative and 
Gram-positive bacteria by disk diffusion method. The zones of 
inhibition were recorded after 24 hours of inoculation (Table 1). 
The AgNPs had inhibition zone of 15.5±0.09mm towards E. coli 
compared to the ciprofloxacin (positive control) which had an 
inhibition of 33.4±0.542. AgNPs on S. aureus showed an inhibition 
zone of 13.3±0.14 mm against vancomycin (positive control) with 
inhibition of 22.1±0.12 mm. G. lucidum extract (negative control) 
had inhibition zone of 7.0±0.00 mm on E. coli and 6.75±0.15 mm 
on S. aureus. Water had no effect on the bacteria under the study. 
The bacteria were susceptible to AgNPs.

Table 1: Inhibition zones of AgNPs and AuNPs on  
E. coli and S. aureus

Sample zones of inhibition (mm)
E. coli S. aureus

AgNPs 15.5±0.09 13.3±0.14
AuNPs 14.510±0.35 13.3±0.50
G. lucidum extract 7.0±0.00 6.75±0.15
Vancomycin N/A 22.1±0.12
Ciprofloxacin 33.4±0.542 N/A
Distilled water 6 6
NB: N/A- not applicable

AuNPs showed inhibitory effects on both E. coli and S. aureus (Table 
1). The nanoparticles. exhibited inhibition zones of 14.510±0.35mm 
and. 13.3±0.50mm against E. coli and S. aureus respectively.7.0±0.00mm. 
The positive controls, ciprofloxacin and Vancomycin had inhibition 
zones of 33.4±0.443mm and 22.1±0.12 mm respectively. 

AuNPs and AgNPs showed potential to inhibit growth of E. coli 
and S. aureus. The nanoparticles can penetrate the bacteria cell 
membrane by biophysical interactions through biosorption and 
cellular intake causing depletion of the membrane and toxicity to 
bacteria [27, 28].

Conclusion
The study showed that, AgNPs and AuNPs were successfully prepared 
cheaply, rapidly and in a ecofriendly method using G. lucidum extract. 

Both AuNPs and AgNPs had smooth surface, pure, crystalline and 
were quasi-spherical. Both E. coli and S. aureus were susceptible 
to AuNPs and AgNPs. 

Potential Conflicts of Interest
The authors declare no conflict of interest.

Acknowledgments
The author wishes to acknowledge Kenyatta University, Vice 
Chancellor’s research grant, Department of Chemistry for support 
of this research and University of North Cape, SA for 
EDX/ HRTEM analysis.

References 
1. Saif S, Tahir A, Chen Y (2016) Green Synthesis of Iron 

Nanoparticles and Their Environmental Applications and 
Implications. Nanomaterials 6: 209. 



Volume 4 | Issue 2 | 45J App Mat Sci & Engg Res, 2020 www.opastonline.com

2. Sun Y, Xia Y (2002) Shape-controlled synthesis of gold and 
silver nanoparticles. Science, 298: 2176-2179. 

3. Gurunathan S, Kalishwaralal K, Vaidyanathan R, 
Venkataraman D, Pandian SRK, et al. (2009) Biosynthesis, 
purification and characterization of silver nanoparticles using 
Escherichia coli. Colloids and Surfaces B: Biointerfaces 74: 
328-335. 

4. Prabhu S, Poulose EK (2012) Silver nanoparticles: mechanism 
of antimicrobial action, synthesis, medical applications, and 
toxicity effects. International Nano Letters 2: 32. 

5. Elgorban AM, Aref SM, Seham SM, Elhindi KM, Bahkali 
AH, et al. (2016) Extracellular synthesis of silver nanoparticles 
using Aspergillus versicolor and evaluation of their activity on 
plant pathogenic fungi. Mycosphere 7: 844-852.

6. Song JY, Kim BS (2009) Rapid biological synthesis of silver 
nanoparticles using plant leaf extracts. Bioprocess and 
biosystems engineering 32: 79-84. 

7. Vigneshwaran N, Ashtaputre N, Varadarajan P, Nachane R, 
Paralikar K, et al. (2007) Biological synthesis of silver 
nanoparticles using the fungus Aspergillus flavus. Materials 
Letters 61: 1413-1418. 

8. Abugri D, Mcelhenney WH (2013) Extraction of Total 
Phenolic and Flavonoids from Edible Wild and Cultivated 
Medicinal Mushrooms as Affected by Different Solvents. 
Journal of Natural Product and Plant Resource 3: 37-42.

9. Jones KE, Patel NG, Levy MA, Storeygard A, Balk, D, et al. (2008) 
Global trends in emerging infectious diseases. Nature 451: 990.

10. Taylor PW (2013) Alternative natural sources for a new 
generation of antibacterial agents. International Journal of 
Antimicrobial Agents 42: 195-201. 

11. Ikram S (2015) Synthesis of Gold Nanoparticles using Plant 
Extract: An Overview. Archivos De Medicina 1: 5. 

12. Franci G, Falanga A, Galdiero S, Palomba L, Rai M, et al. 
(2015) Silver nanoparticles as potential antibacterial agents. 
Molecules 20: 8856-8874. 

13. Bhau B, Ghosh S, Puri S, Borah B, Sarmah D, et al. (2015) 
Green synthesis of gold nanoparticles from the leaf extract of 
Nepenthes khasiana and antimicrobial assay. Adv Mater Lett 
6: 55-58. 

14. Letfullin RR, Joenathan C, George TF, Zharov VP (2006) 
Laser-induced explosion of gold nanoparticles: potential role 
for nanophotothermolysis of cancer. Nanomedicine 1:  473-
480. 

15. Rathee S, Rathee D, Rathee D, Kumar V, Rathee P, et al. 
(2012) Mushrooms as therapeutic agents. Revista Brasileira 
de Farmacognosia 22: 459-474. 

16. Atila F, Owaid MN, Shariati MA (2017) The nutritional and 
medical benefits of Agaricus bisporus: a review. The Journal 
of Microbiology, Biotechnology and Food Sciences 7: 281.

17. Rashid MU, Bhuiyan MKH, Quayum ME (2013) Synthesis of 
silver nano particles (Ag-NPs) and their uses for quantitative 
analysis of vitamin C tablets. Dhaka University Journal of 
Pharmaceutical Sciences 12: 29-33. 

18. Philip D (2010) Green synthesis of gold and silver 
nanoparticles using Hibiscus rosa sinensis. Physica E: Low-
Dimensional Systems and Nanostructures 42: 1417-1424. 

19. Woehrle GH, Hutchison JE, Özkar S, FINKE RG (2006) 
Analysis of nanoparticle transmission electron microscopy 
data using a public-domain image-processing program, image. 
Turkish Journal of Chemistry 30: 1-13. 

20. Ahmad N, Sharma S, Alam MK, Singh V, Shamsi S, et al. 
(2010) Rapid synthesis of silver nanoparticles using dried 
medicinal plant of basil. Colloids and Surfaces B: Biointerfaces 
81: 81-86. 

21. Priya Tharishini P, Saraswathy N, Smila K, Yuvaraj D, 
Chandran M (2014) Green synthesis of gold nano particles 
from Cassia auriculata leaf aqueous extract and its cytotoxicity 
effect on in vitro cell line. Internatl J Chemical Technol Res 6: 
4242-4250. 

22. Callegari A, Tonti D, Chergui M (2003) Photochemically 
grown silver nanoparticles with wavelength-controlled size 
and shape. Nano Letters 3: 1565-1568. 

23. Maillard M, Huang P, Brus L (2003) Silver nanodisk growth 
by surface plasmon enhanced photoreduction of adsorbed 
[Ag+]. Nano Letters 3: 1611-1615. 

24. Ahmad N, Sharma S (2012) Green synthesis of silver 
nanoparticles using extracts of Ananas comosus. Green and 
Sustainable Chemistry 2: 141. 

25. Narayanan KB, Sakthivel N (2011) Extracellular synthesis of 
silver nanoparticles using the leaf extract of Coleus amboinicus 
Lour. Materials Research Bulletin 46: 1708-1713. 

26. Fowles CC, Smoak EM, Banerjee IA (2010) Interactions of 
zeatin with gold ions and biomimetic formation of gold 
complexes and nanoparticles. Colloids and Surfaces B: 
Biointerfaces 78: 250-258. 

27. Matsumura Y, Yoshikata K, Kunisaki S, Tsuchido T (2003) 
Mode of bactericidal action of silver zeolite and its comparison 
with that of silver nitrate. Applied and environmental 
microbiology 69: 4278-4281.

28. MubarakAli D, Thajuddin N, Jeganathan K, Gunasekaran M 
(2011) Plant extract mediated synthesis of silver and gold 
nanoparticles and its antibacterial activity against clinically 
isolated pathogens. Colloids and Surfaces B: Biointerfaces 
85: 360-365.

Copyright: ©2020 Wilson Njue, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.


	_Hlk511227133

