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A B S T R A C T 
A green chemistry approach that incorporates nanotechnology and microbial biotechnology is the microbial synthesis 
of nanoparticles. Silver nanoparticles biosynthesis using extracellular fungal filtrate of Cladosporium sphaerospermum 
endophytic fungi isolated from the selected tree bark was simple, eco-friendly and robust. The goal of this study was to 
obtain silver nanoparticles (AgNPs) using aqueous extracts from the strain ATCC 11289 of the filamentous fungus 
Cladosporium sphaerospermum as an alternative to a chemical degradation procedure for harmful dyes. Cladosporium 
sphaerospermum's morphological and molecular characteristics have been established. Sequencing of ITS 18s rRNA, 
phenotypic characteristics and phylogenetic analysis were carried out. The isolate is recognized and described by the 
sequencing and phenotypic characterization of ITS 18s rRNA, which demonstrated the strain NF from Ficus benghalesis 
temperate area tree bark as Cladosporium sphaerospermum strain ATCC 11289. In addition, UV Vis spectrophotometer, 
FTIR, SEM and ESI MS tests have characterized the synthesized silver nanoparticles. Changes in parameters such as pH, 
temperature, silver nitrate solution concentration, optimum absorption parameters in the UV-Visible 
spectrophotometer have been used to optimize the output of silver nanoparticles Synthesized silver nanoparticles 
characterized by UV-Visible spectroscopy with a peak of 400-420 nm. For dye degradation of Methylene blue by NaBH4, 
the obtained nanoparticles with good yield using microbial synthesis can be used. 83 percent of dye decolonization for 
methylene blue dye has been demonstrated by Cladosporium. Future studies on the use of these particles for in-vitro 
biological experiments would be cost-effective and convenient. 
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With its application in science and technology for the 

synthesis and creation of nano-materials at the nanoscale 

stage, nanotechnology is an evolving area. Due to its optical, 

electrical and catalytic properties, the use of metal 

nanoparticles is gaining traction in the present century to use 

and optimize the physical properties of nanosized metal 

particles. Since they are less harmful to humans and the 

environment, green nanoparticles have been synthesized using 

biological sources such as plants and microbes [1]. 

Synthetic dyes in the textile industry are commonly 

used. The removal from the atmosphere of non-biodegradable 

harmful chemicals from synthetic dyes is a critical ecological 

problem. For the decomposition of dye, many techniques such 

as flocculation, electro coagulation, redox treatment and UV 

light degradation are commonly used. The present situation, 

however, needs an improved methodology to resolve the 

ineffectiveness of the current procedure [2]. Metal 

nanoparticles have been documented in recent research to be 

an efficient photo catalyst to degrade chemical complexes of 

synthetic dyes under visible light illumination [3]. 

Accordingly, silver nanoparticles could be used as highly 

economical agents for the rapid removal from the atmosphere 

of dye-based pollutants and could also be used to monitor 

other reducible contaminants. Silver nanoparticles have been 

successfully prepared from isolated endophytic fungus using a 

green chemistry method. From the leaves of Ocimum 

balilicumh, nine fungal endophytes were isolated [4]. 

Aspergillus sp., Penicillium sp., Cladosporium sp., and 

Alternaria sp. are the four main isolates [5]. The extracellular 

synthesis of silver nanoparticles has been verified. Effectively 

decolorized methylene blue dye by silver nanoparticles up to 

96 percent within 72 h of incubation [6]. 

Green synthesis has now become a vast research field 

of production. Here we report a new green process for the 

synthesis of silver and gold nanoparticles using Kashayam, 

Guggulutiktham, and Ayurvedic medicine for the first time to 

the best of our knowledge. In the reduction of Methylene Blue 

(MB) by NaBH44, the size dependent catalytic activity of the 

synthesized nanoparticles is identified [7]. 

The use of free, sustainable and eco-friendly reducing 

agents used for the synthesis of silver nanoparticles has been 

found to exhibit excellent photocatalytic activity against dye 

molecules and can be used in water purification and dye 

effluent treatment systems [8]. In this current study we 

investigated the isolated endophytic fungi Cladosporium 

sphaerospermum produced by the green synthesis of silver 



nanoparticles. The silver nanoparticles were characterized by 

UV-Visible Spectroscopy, FTIR, SEM and ESI-MS. Dye 

reduction was observed in the extracellular biosynthesized 

silver nanoparticles, and catalytic dye reduction activity by 

NaBH4 was observed. 

 

 MATERIALS AND METHODS 

 

Silver nitrate (Alpha chemika); Sodium borohydride 

(PubChem); 1% Methylene blue (Science Company):1 gm in 

100 ml distilled water. UV-spectrophotometer (Thermo 

Scientific, Chemito Spectrascan UV 2100 U.V Visible 

Spectrophotometer), FTIR (Shimatzu). 

 

Production of Silver nanoparticles from endophytic isolates 

The biogenesis of silver nanoparticles was carried out 

with slight modifications. The culture was inoculated in 50 ml 

PDB and was incubated at 28℃ on for 20 days on rotary 

shaker at 120 rpm. After incubation the broth with the grown 

culture was filtered using Whatmann filter paper number and 

the mycelium was collected and inoculated in 50 ml sterile 

distilled water. It was then incubated at 28℃ on for 2 days on 

rotary shaker at 120rpm. After incubation the distilled water 

with mycelium was filtered using Whatmann No 1 filter paper. 

The distilled water filtrate was collected in a sterile flask. 

Silver nitrate was prepared of different concentration (1mM, 

2mM, 3mM, 4mM, 5mM) in sterile distilled water. 

Experimental solution was prepared by adding 10 ml of fungal 

culture filtrate to 90 ml of each concentration of silver 

nanoparticles solution and incubated in the dark for 24 hours 

at room temperature. Characteristics’ of silver nanoparticles 

was done by Spectral analysis for the development of 

nanoparticles at different reaction conditions were observed 

using UV–Vis spectrophotometer from 300 to 700 nm [9]. 

 

Optimization of various parameters for silver nanoparticles 

The environmental conditions exert an influence on 

growth and development of organism. The enzyme production 

by fungi is influenced by the condition in which the organisms 

are cultivated therefore, optimization studies will not only 

support good growth but also enhance product yield. The 

production of nanoparticles is also dependent on substrate 

concentration. The concentration of silver nanoparticles from 

0.5 to 5.0 mM was studied. The optimum concentration for the 

synthesis of nanosilver is confirmed by UV-visible absorption 

chemical analysis. pH encompasses a sturdy influence on 

growth and catalyst production that is needed for the 

biogenesis of silver nanoparticles. Different pH ranging from 

6 to 8 was used with the difference of 1.0 to study the 

influence of pH on silver nanoparticles production from 

endophytic fungus. Temperature plays a very important role in 

all reactions. Optimization studies with respect to temperature 

were carried out with temperature ranging from 25°C to 40°C 

with difference of 5-10°C for silver nanoparticles production. 

The sample was analyzed with UV-visible absorption 

chemical analysis and any result of temperature on 

nanoparticles was studied [10]. 

 

Characterization of synthesized silver nanoparticles 

FTIR: FTIR measurements were carried out to identify 

the potential functional groups of the biomolecules in the 

fungal extract which are responsible for the reduction of the 

silver ions into silver nanoparticles. 

 

ESI-MS: Elemental analysis of silver was measured by EDX. 

Scanning electron microscope 

SEM studies confirm the size and shape of the 

biosynthesized silver nanoparticles using all three fungal 

extract. Size of the nanoparticles was observed at different 

magnifications. 

 

Application of silver nanoparticles for chemical dye reduction 

/ degradation 

Nowadays plant and microbes mediate synthesis of 

nanoparticles has nice interest and accomplishment because of 

its eco-benign and low time overwhelming properties. In this 

study silver nanoparticles were successfully synthesized and 

optimized. The photocatalytic activity of the synthesized silver 

nanoparticles was examined by degradation of methylene blue 

under sunlight irradiation. Green synthesized silver 

nanoparticles have the ability to degrade effectively the dye. 

Methylene blue was subjected to reduction using 

sodium borohydride in the presence of silver nanoparticles in 

order to assess the efficacy of the catalytic activity of the 

synthesized silver nanoparticles. Freshly ready 1.0 ml of 10 

mM sodium borohydride solution was mixed with 1.5 ml of 1 

mM methylene blue, and the mixture was made up to 10 ml 

using double-distilled water and then stirred for 5 min, the 

solution mixture was created up to ten metric capacity unit 

victimization double-distilled water then stirred for five min 

furthermore. Sufficient quantities of synthesized silver 

nanoparticles were superimposed to each these solutions and 

mixed for thirty min with smart agitation, and also the UV-Vis 

spectrum of the reaction mixture of methylene blue was 

recorded at 1-min intervals of time for a period of 15 min at 

25°C at 665 nm. The test was conducted in a standard quartz 

cuvette of about 3.0-mL volume. The rate constant of the 

redox reaction was dependent on the variation in absorption 

band at 664 nm as a function of time [11]. The dye reduction 

percentage were calculated by using: 
 

Efficiency % = C0 – C/C0 ×100 
 

Where, C0= Absorbance of Dye at 0 min. 

C = Absorbance of reaction mixture after time interval [11]. 
 

  

Plate 1 A. Uninoculated broth medium.  B. Biogenesis of AgNPs 
by Cladosporium sphaerospermum 

 

RESULTS AND DISCUSSION 
 

Production of Silver nanoparticles from endophytic isolates 
 

After incubation, change in colorless to brown color 

due to silver nanoparticle synthesis is observed. Biosynthesis 

of silver nanoparticles using fungal filtrate of fungal isolates. 

Initially formation of silver nanoparticles was detected by 

color change from colorless to dark brown [12]. The color 

change indicated reduction of silver ions (Ag+) to SNP’s 

Res. Jr. of Agril. Sci. (Jan-Feb) 12(1): 155–160    156    



(Agº). Later synthesized brown colored solution used for 

spectrophotometric analysis from 300-700 nm the 

Cladosporium sphaerospermum silver nanoparticles has 

shown their own maximum absorption in between 400 to 420 

nm as the generally silver nanoparticles shows maximum 

absorption in between 390-440 nm. Then, synthesized 

nanoparticles further washed with sterile distilled water 3 

times by centrifugation to get dry form of it for further FTIR, 

SEM and EDS studies [13]. 

 

Optimization of various parameters for silver nanoparticles 

Cladosporium spp from Ficus benghalesis tree bark has 

shown optimized substrate concentration 1mM, pH 7, at 40oC 

temperature (Plate 2). 

 

 

 

 

Plate 2 Optimization of Ag nanoparticles by using various 
parameters such as, substrate concentration, pH, and 

temperature 

 
Characterization of synthesized silver nanoparticles 
 

FTIR 

FTIR measurements were carried out to identify the 

potential functional groups of the biomolecules in the fungal 

extract which are responsible for the reduction of the silver 

ions into silver nanoparticles shows a strong absorption peak 

at 3290 cm-1 which indicates presence of carboxylic groups 

[14]. This useful cluster was changed in synthesized silver 

nanoparticles. The broad absorption band was observed 

between 3425 and 2927 cm-1 due to the O–H stretching and H- 

bonded alcohols and phenol groups. A weak band was 

observed at 1645 cm-1 corresponding to N–H bending primary 

amines [15]. A small peak was formed at 773 cm-1 due to the 

occurrence of alkyl halides. Moreover, the functional 

bimolecules are hydroxyl, carboxylic, phenol, and amine 

groups in fungal synthesized silver nanoparticles involved in 

the reduction of silver ions which was confirmed by FTIR 

spectrum. 

 

Scanning electron microscope 

SEM image shows the size and shape of the 

biosynthesized silver nanoparticles using all three fungal 

extract. Size of the nanoparticles was observed at different 

magnifications. Spherical and rod shape of nanoparticles with 

high agglomeration was noted with the size range from 200 

nm to 500 nm. In this SEM image, some of the nanoparticles 

show large size due to the aggregation of small size of 

nanoparticles. Polydispersed nanoparticles were observed in 

SEM image and revealed the result of UV-Vis 

spectrophotometer. The surfaces of aggregated nanoparticles 

were shown to be rough [16]. 

 

 

 

Graph 1  λ max of synthesized Silver nanoparticles from  
endophytic fungi 

 

 

Graph 2 Cladosporium sphaerospermum silver nanoparticles FTIR 
spectrum 

 

Plate 3 Cladosporium sphaerospermum silver nanoparticles 

 

ESI-MS 

Elemental analysis of silver was measured by EDX; 

EDX spectra reveal strong signals in the silver region of 3 keV 
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and confirm the formation of nanosilver and its elemental 

nature. This signal was formed due to the excitation of surface 

Plasmon resonance of silver nanoparticles. Some of the weak 

signals from Cl were observed. These signals were found due 

to maybe the presence of impurity from the biological 

molecules [17]. 

 

 
     A         B     C 

 

Graph 3 Cladosporium sphaerospermum silver nanoparticles 

 

Application of silver nanoparticles for chemical dye reduction 

/ degradation    

Endophytic fungal isolates, has shown decrease in 

optical density which indicates that nanoparticles have the 

ability to reduce chemical dye. Methylene blue is blue in 

color, as dye started to reduce, the color of dye started to get 

faint or light blue in color [18]. Photocatalytic degradation of 

methylene blue was carried out by using green synthesized 

silver nanoparticles. Thereafter light blue was changed into 

light green. Finally, the degradation process was completed at 

3 h and was identified by the change of reaction mixture color 

to faint colour. After the absorbance at different time interval 

has shown color change, blue to light brown then colorless till 

the 3 hours with decrease in optical density of samples [19]. 

 

  

Plate 4 Methylelne blue dye degradation 

 

The extracellular synthesis of silver nanoparticles were 

confirmed by color change from transparent to yellow-brown 

after incubation time of 48 hrs. The negative control was used 

without the fungal filtrate in silver nanoparticles solution. The 

intensity of brown color increases with respect to 

concentration of silver nanoparticles according to incubation 

time. The appearance of brown color was due to excitation of 

surface Plasmon vibration. To increase the silver nanoparticles 

synthesis rate, medium optimization processes were carried 

out under different physicochemical conditions. 

Environmental conditions profoundly modulate the growth 

and metabolism fungi [20]. Culture conditions have been the 

critical components, directly affecting the productivity and 

also the process economics. Optimization of physical 

parameters will not only support good growth also enhance 

the product yield. The growth conditions such as, substrate 

concentration, pH, and temperature etc. [21]. 

 

A 

 

B 
Graph 4 A. Methylene blue dye reduction by silver nanoparticles, 

B. % efficiency of dye reduction from NF: Cladosporium 
sphaerospermum 

 

Table 1 Silver nanoparticles for chemical dye reduction 

Time Methylene blue dye reduction % efficiency 

Min NF 

 9% 

15 50% 

30 53% 

45 78% 

60 80% 

75 82% 

90 83% 

 

The optimization of extracellular synthesis of silver 

nanoparticles was performed for different concentrations 

ranging from 0.5 to 5mM. The optimum concentration was 

found to discussed below, was used further for 

characterization and optimization of various parameters such 

as pH and temperature [22]. When the silver nanoparticles 

concentration increased to 2 mM the particle size may 

increase due to the aggregation of large silver nanoparticles. 

pH has a strong influence on growth and enzyme production 

which is required for biosynthesis of silver nanoparticles [23]. 

Different pH ranging from 6 to 8 with a difference of 1 was 

used to study effect of pH on silver nanoparticles production 

from endophytic fungal isolates. Temperature plays an 

important role in all reactions. Optimization studies with 

respect to temperature were carried out with temperature of 

28°C, 35°C and 40°C respectively [24]. The sample was 

analyzed with UV-Visible spectroscopy and further effect of 

temperature on nanoparticles was studied. It has shown 
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optimized conditions such as for Cladosporium 

sphaerospermum from Ficus benghalesis tree bark has shown 

optimized substrate concentration 1mM, pH 7, at 40oC 

temperature. This finding is quite interesting as it contradicts 

the report of [25]. They found decrease in optical density after 

1 mM substrate concentration and accordingly they proposed 

1mM substrate concentration as the optimal silver 

nanoparticles production condition [26]. In acidic conditions 

we cannot observe any characteristic absorbance band for 

silver nanoparticles formation. These results revealed that, pH 

value started from 6 to 8 supported the maximum synthesis of 

silver nanoparticles. On the other side at high temperature of 

40°C was observed optimum reaction temperature in case of 

Cladosporium sphaerospermum. The maximum SPR peak 

intensity was detected at 70°C results revealed also that by 

increasing in the reaction temperature, a sharp narrow UV 

spectra peak at lower wavelength region (412 nm at 70°C) are 

developed, which indicate the formation of smaller 

nanoparticles, whereas, at lower reaction temperature, the 

peaks observed at higher wavelength regions (440 nm at 

30°C) which clearly indicates increase in silver nanoparticles 

size. Those findings are in agreement with the fact that when 

the temperature is increased, the reactants are consumed 

rapidly leading to the formation of smaller nanoparticles [27]. 

The characterization of synthesized silver nanoparticles 

was studied by UV-Visible Spectroscopy and characterized   

spectrum range was between 400 to 420 nm and absorbance 

peak was obtained at 411nm. For FTIR measurement, the 

dried and powdered sample of silver nanoparticles is used 

[28]. It is carried out for identification of effective 

biomolecules which are responsible for production and 

stabilization of silver nanoparticles from silver metal ions of 

silver nanoparticles solution. The protein molecules from 

fungal mycelia not only act as a reducing agent but also as a 

stabilizing agent by providing site for silver nanoparticles 

binding by negatively charged free amino acid residue [29]. 

The peaks observed in the FTIR spectrum shows the 

presence of proteins, which may act as a ligand for silver 

nanoparticles. This evidence suggests that the release of 

extracellular protein molecules could possibly influence the 

reduction and stabilization of the silver nanoparticles [30]. 

The presence of nitrate reductase was observed in the 

extracellular proteins secreted by the fungus [31]. This might 

be responsible for the bioreduction (of Ag+ to Ag- and the 

subsequent formation of silver nanoparticles), formation of 

stable nanoparticle Various studies have indicated that NADH, 

NADH- dependent nitrate reductase are involved in the 

biosynthesis of metal nanoparticles have reported that certain 

NADH-dependent reductase was involved in the reduction of 

silver ions by F. oxysporum [32]. Size and shape of 

synthesized silver nanoparticles was characterized through 

scanning electron microscope, it shows spherical particles 

with size less than 50 nm, confirms that reduction of silver 

ions to silver nanoparticles [33]. The reduction of Ag+ ions to 

elemental silver by endophytic fungus is further confirmed by 

EDX analysis, which shows an optical absorption peak in the 

range of 3kev. This is typical for the absorption of metallic 

silver nanocrystallites [34]. 

For the reduction of methylene blue, the bond 

dissociation energy (BDE) plays an important role in 

formation or breaking of new bond. In reaction between 

Methylene Blue dye and NaBH4, in which NaBH4 acted as a 

donor and the dye as acceptor [35]. The addition of silver 

nanoparticle in reaction mixture performed as potential 

intermediate between Methylene blue dye and BH4- ions. At 

first, it lowered the BDE and made the electron transfer 

between them more efficient [36]. Thus, the rate of reduction 

of Methylene blue by NaBH4 was increased in the presence of 

silver nanoparticles. Silver nanoparticles synthesized from 

endophytic fungal extract of decolorized methylene blue dye, 

which is basic dye, quite fast [37]. These results suggested that 

silver nanoparticles can be used for the treatment of textile 

effluents as well chemical dye production industries. In future 

studies, various application such as antimicrobial activity for 

multidrug resistant microorganisms as well as reduction of 

harmful industrial dyes, artificial food coloring, toxic food 

dyes, etc. [38]. In this study, SNPs were synthesized by 

biological means using endophytic cell free extract. The SNPs 

synthesis process at laboratory scale is quite inexpensive and 

non-toxic, eco-friendly as compared to the chemical methods. 

The synthesized silver nanoparticles also showed efficient 

degradation of methylene blue dye thus have potential in 

industrial application other than possible pharmaceutical 

application as antibacterial agents. 

 

CONCLUSIONS 
 

The aqueous fungal extract was added to silver nitrate 

solution, the color of the silver nitrate reaction medium was 

changed from transparent to brown and that indicates 

reduction of silver ions to silver nanoparticles. Thus, 

synthesized silver nanoparticles characterized by UV-Visible 

spectroscopy, which shows characterized peak between 400-

420 nm. FTIR spectrum was examined to identify the effective 

functional molecules. SEM and ESI-MS analysis also done to 

study the shape and chemical structure of synthesized 

nanoparticles. Cladosporium sphaerospermum from Ficus 

benghalesis tree bark has shown optimized substrate 

concentration 3mM, pH 7, at 40oC temperature. 

 

Declaration of interest 

The authors report no conflicts of interest.

 

LITERATURE CITED 

1. Mazumdar H, Haloi N. 2011. A study on Biosynthesis of Iron nanoparticles by Pleurotus sp. Journal of Microbiol. Biotech. 

Research 1(3): 39-49. 

2. Nanda A, Saravanan M. 2009. Biosynthesis of silver nanoparticles from Staphylococcus aureus and its antimicrobial activity 

against MERSA and MRSE. Nanomedicine: Nbm 5: 452-456. 

3. Nazeruddin GM, Prasad NR, Prasad SR, Shaikh Y, Waghmare S, Adhyapak P. 2014. Coriandrum sativum seed extract assisted 

in situ green synthesis of silver Nanoparticle and its antimicrobial activity. Ind. Crops Prod. 60: 212-216. 

4. Agrawal S, Bhatt M. 2018. Nanoparticles and its potential applications: A review. Journal of Pharmacognosy and 

Phytochemistry 7(2): 930-937. 

5. Bhargava A, Jain N. 2013. Synthesis, characterization and mechanistic insights of mycogenic iron oxide nanoparticles. Jr. 

Nanopart Res. 15: 1-12. 

6. Al-Sheikh H, Yehia R. 2015. Decolorization of methylene blue using silver nanoparticles synthesized from endophytic fungus. 

Journal of Pure and Applied Microbiology 9(1): 433-439.  

Res. Jr. of Agril. Sci. (Jan-Feb) 12(1): 155–160    159    

https://www.researchgate.net/profile/Hashem_Al-Sheikh
https://www.researchgate.net/profile/Ramy_Yehia
https://www.researchgate.net/journal/0973-7510_Journal_of_Pure_and_Applied_Microbiology


7. Suvith VS, Philip D. 2013. Catalytic degradation of methylene blue using biosynthesized gold and silver nanoparticles. 

Spectrochimica Acta Part A Molecular and Biomolecular Spectroscopy 118C: 526-532. 

8. Vanaja M, Paulkumar K, Baburaja M. 2014. Degradation of methylene blue using biologically synthesized silver nanoparticles. 

Hindwi, Bioinorganic Chemistry and Applications. pp 1-8. 

9. Chandrappa CP, Govindappa M. 2016. Endophytic synthesis of silver chloride nanoparticles from Penicillium sp. of 

Calophyllum apetalum. Adv. Nat. Sci. Nanosci. Nanotechnology 7: 1-6. 

10. Khan NT. 2016. Optimization studies of silver nanoparticles by Aspergillus terrus. Jr.Mmicrobiol. Biochem. Technology 8(6): 

488-490. 

11. Rajput K. 2013. Mycosynthesis of silver nanoparticles using endophytic fungus Pestalotiopsis versicolor and investigation of 

its antibacterial and azo dye degradation efficacy. KAVAKA 49: 65-71. 

12. Ahmad A, Mukherjee P, Senapati S, Mandal D, Khan MI, Kumar R, Sastry M. 2003. Extracellular biosynthesis of silver 

nanoparticles using the fungus Fusarium oxysporum. Colloids Surf B 28: 313-318. 

13. Aleksandra Z, Magdalena KO. 2017. Fungal synthesis of size-defined nanoparticles. Adv. Nat. Sci. Nanosci. Nanotechnol. 8: 

1-10. 

14. Ingle A, Gade A, Pierrat S, Sonnichsen C, Rai M. 2008. Mycosynthesis of silver nanoparticles using the fungus Fusarium 

acuminatum and its activity against some human pathogenic bacteria. Curr. Nanoscience 4: 141-144. 

15. Kelly I, Talita FC, Gustavo MR, Gilberto W, Fabio G, Kildare M, Sonia R, Soheyla H, Hamed B, Eshrat GF, Farzaneh N. 

2013. Green synthesis of silver nanoparticles induced by the fungus Penicillium citrinum. Tropical Journal of 

Pharmaceutical Research 12(1): 7-11. 

16. Singh D, Rathod V, Shivaraj N, Herimath J, Kulkarni P. 2013. Biosynthesis of silver nanoparticle by endophytic fungi 

Pencillium Sp. isolated from Curcuma longa (Turmeric) and its antibacterial activity against pathogenic gram negative 

bacteria. Journal of Pharmacy Research 445-458. 

17. Kumari J, Singh A. 2016. Green synthesis of nanostructured silver particles and their catalytic application in dye degradation. 

Journal of Genetic Engineering and Biotechnology 14: 311-317. 

18. Mariselvam R. 2014. Green synthesis of silver nanoparticles from the extract of the inflorescence of Cocos nucifera (Family: 

Arecaceae) for enhanced antibacterial activity. Spectrochim Acta A Mol. Biomol. Spectrosc. 1-6. 

19. Shraddha MD, Kulkarni NS. 2016. Biosynthesis and characterization of different metal nanoparticles by using fungi. Sch. 

Acad. J. Biosci. 4(11): 1022-1031. 

20. Netala V, Bobbu P, Ghosh SB, Tartte V. 2015. Endophytic fungal assisted synthesis of silver nanoparticles, characterization 

and antimicrobial activity. Asian Jr. Pharm. Clin. Res. 8(3): 113-116.  
21. Mazumdar H, Ahmed GU. 2011. Phytotoxicity effect of Silver nanoparticles on Oryza sativa. Int. Jr. Chem. Tech. Res. 3(3): 

1495-1500. 

22. Banu AN, Balasubramanian C. 2014. Optimization and synthesis of silver nanoparticles using Isaria fumosorosea against 

human vector mosquitoes. Parasitology Research 113(10): 3843-3851. 

23. Verma VC, Kharwar RN, Gange AC. 2010. Biosynthesis of antimicrobial silver nanoparticles by the endophytic fungus 

Aspergillus clavatus. Nanomedicine (Lond). 5(1): 33-40. 

24. Sagar G and Bhosale A. 2012. Green synthesis of silver nanoparticles using Aspergillus niger and its efficacy against human 

pathogens. European Journal of Experimental Biology 2(5): 1654-1658. 

25. Hassan AA, Oraby NH. 2015. Antimicrobial potential of iron oxide nanoparticles in control of some causes of microbial skin 

affection in cattle. European Journal of Academic Essays 2(6): 20-31. 

26. Kathiresan K, Manivannan S, Nabeel MA, Dhivya B. 2009. Studies on silver nanoparticles synthesized by a marine fungus, 

Penicillium fellutanum isolated from coastal mangrove sediment. Colloids and surfaces B: Biointerfaces 71(1): 133-137. 

27. Vigneshwaran N. 2007. Biological synthesis of silver nanoparticles using the fungus Aspergillus flavus. Materials 

Letters 61(6): 1413-1418. 

28. Sobhy II, Abdel-Hafez, Nivien AN. 2016. Biogenesis and optimization of silver nanoparticles by the endophytic fungus 

Cladosporium sphaerospermum. Int. J. Nano. Chem. 2(1): 11-19. 

29. Sun Y, Xia Y. 2010. Shape-controlled synthesis of gold and silver nanoparticles. Science 298(5601): 2176-2179. 

30. Prabakaran M, Subha K. 2012. Biosynthesis of silver nanoparticles using Sphaerulina albispiculata and evaluation of 

antibacterial activity. European Journal of Experimental Biology 2(1): 297-303. 

31. Zhao Y, Jiang Y, Fang Y. 2006. Spectroscopy property of Ag nanoparticles. Acta A 65: 1003-1006. 

32. Velhal SG, Kulkarni SD, Latpate RV. 2016. Fungal mediated silver nanoparticle synthesis using robust experimental design 

and its application in cotton fabric. Int. Nano Letters 6: 257-264. 

33. Honary S, Barabadi H. 2013. Green synthesis of silver nanoparticles induced by the fungus Penicillium citrinum. Trop. Jr. of 

Pharm. Res. 12 (1): 7-11. 

34. Ramalingmam P, Muthukrishnan S, Thanaraj P. 2015. Biosynthesis of silver nanoparticles using an endophytic fungus, 

Curvularialunata and its antimicrobial potential. Nanoscience and Nanoengineering 1(4): 241-247. 

35. Sunkar S, Nachiyar CV. 2013. Endophytic fungi mediated extracellular silver nanoparticles as effective antibacterial agents. 

Int. Jr. Pharm. Sci. 5(2): 95-100. 

36. Ramalingmam P, Muthukrishnan S, Shelar GB, Chavan AM. 2014. Fungus–mediated biosynthesis of silver nanoparticles and 

its antibacterial activity. Archives of Applied Science Research 6(2): 111-114. 

37. Ishida K, Cipriano TF, Rocha GM, Weissmüller G, Gomes F, Miranda K, Rozental S. 2014. Silver nanoparticle production by 

the fungus Fusarium oxysporum: Nanoparticle characterization and analysis of antifungal activity against pathogenic 

yeasts. Mem Inst Oswaldo Cruz. 109(2): 220-228. 

38. Singh T, Jyoti K. 017. Biosynthesis, characterization and antibacterial activity of silver nanoparticles using an endophytic 

fungal supernatant of Raphanus sativus. Journal of Genetic Engineering and Biotechnology 15: 31-39. 

Res. Jr. of Agril. Sci. (Jan-Feb) 12(1): 155–160    160    

https://www.researchgate.net/profile/Suvith_V_s
https://www.researchgate.net/scientific-contributions/9560390-Daizy-Philip
https://www.researchgate.net/journal/1873-3557_Spectrochimica_Acta_Part_A_Molecular_and_Biomolecular_Spectroscopy
https://pubmed.ncbi.nlm.nih.gov/?term=Mariselvam+R&cauthor_id=24762541
javascript:;
https://link.springer.com/journal/436
https://www.ncbi.nlm.nih.gov/pubmed/20025462
https://www.researchgate.net/journal/Colloids-and-surfaces-B-Biointerfaces-1873-4367
https://www.researchgate.net/profile/Vigneshwaran_Nadanathangam
https://www.researchgate.net/journal/0167-577X_Materials_Letters
https://www.researchgate.net/journal/0167-577X_Materials_Letters
http://dx.doi.org/10.1016/j.jgeb.2017.04.005

