
Advances in Environmental Biology, 9(24) November 2015, Pages: 259-269 

 

AENSI Journals 

 
Advances in Environmental Biology 

 
ISSN-1995-0756      EISSN-1998-1066 

 
  Journal home page: http://www.aensiweb.com/AEB/ 
 
  

 
 

Corresponding Author: Abdelghafar M. Abu-Elsaoud, Department of Botany, Faculty of Science, Suez Canal University, Ismailia 
41522, Egypt   

 E-mail: abuelsaoud@Science.suez.edu.eg  

Biosynthesis, Optimisation  and Photostimulation of  αNADPHDependent Nitrate 
ReductaseMediated Silver Nanoparticles by Egyptian Endophytic Fungi 
 
1Abdelghafar M. AbuElsaoud, 1,2Ahmed M. AbdelAzeem, 3Shaker A. Mousa and 1Shady S.M. Hassan 
 
1 Botany Department, Faculty of Science, Suez Canal University, Ismailia, 41522, Egypt. 
2 Arab Society for Fungal conservation, Botany Dept., Faculty of Science, Suez Canal University, Ismailia, 41522, Egypt. 
3 Department of Pharmaceutical Sciences, Albany College of Pharmacy and Health Sciences, Albany, NY, USA. 
 
R T I C L E  I N F O   A B S T R A C T  
Article history: 
Received 28 September 2015 
Accepted 15 November 2015 
Available online 24 November 2015  
 
Keywords: 
Chaetomium globosum, Egypt, Myco-
silver nanoparticles, Nitrate 
Reductase, South Sinai 
 

 Synthesis of fungal-derived silver nanoparticles (AgNPs) by endophytic fungi is being 
of major interest and applied recently in various fields. The current study aims to green 
synthesis of AgNPs by some endophytic native taxa isolated from six medicinal plants 
from arid South Sinai and optimizing production conditions combined with 
photostimulation. Thirteen species out of twenty-two entophytic fungi were screened 
for production of AgNPs. Reaction conditions such as silver nitrate concentration, pH, 
temperature and efficiency of photostimulation using monochromatic red polarized 
light and UV radiations were optimized and assed for high production of AgNPs. High 
concentrations of AgNPs were produced by Chaetomium globosum and Trichoderma 
viride recovered from Tanacetum sinaicum and Chiliadenus montanus respectively. 
Both fungi showed significantly different response to photostimulation by either red 
polarized or red LED light. T. viride showed a promising results and significant 
increase in AgNPs production after photostimulation by monochromatic red polarized 
light. Application of monochromatic red polarized light in the field of bio-
nanotechnology for enhancing green synthesis of AgNPs would be recommended.   
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INTRODUCTION 

 
 Endophytic fungi are symbiotically associated biota of living plant tissues with symptomless disease to their 
host [1] and are not host specific [2]. In the last few decades, scientists concentrate in their investigation to 
bioprospect natural chemical biological compounds, especially in extremes or hot biodiverse environments [3]. 
Active metabolites from biological origin are produced by a large number of fungal species and most 
bioprospecting strategies were limited to some ecological groups of fungal species in Egypt [4]. 
 Nanotechnology has recently become one of the most active research fields in Biology, Chemistry, Physics, 
Mathematics, Technology and Engineering which are integrated to explore benefits of the nano-world towards 
the betterment of the society [5]. The dimension of matter important in nanoscience and nanotechnology is 
typically on the 0.2 nm to 100 nm scale (nanoscale). The properties of materials change as their size approaches 
the nano-scale [6]. Research in bio-nanotechnology has shown to provide reliable, eco-friendly processes for 
synthesis of noble nanomaterial. Biosynthesis of nanoparticles using fungal species has been targeted by many 
research projects [7-11]. 
 The applications of silver nanoparticles on different fields were of great importance and attracted attention 
of many researchers [12], e.g. applications in food technology, agriculture, biomedicine, and environmental 
technology [13-23]. 
 Recently the application of myco-nanotechnology for production of nanoparticles, as an alternative to 
chemical and physical ones, increased in the last decade [24] even with some considerations concerning the 
environment [22]. Endophytic anamorphic Ascomycota have been used for green synthesis of AgNPs during the 
last decade worldwide [19,20,25-29].  
 In Egypt very few studies carried on the synthesis of AgNPs by endophytic fungi [22]. Moreover, green 
synthesis optimizations combined with photostimulation studies were never reported up to our knowledge. In 
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our continuous programme to find new biologically active natural products from Egyptian endophytic fungi, our 
teamwork in Suez Canal University screened various endophytic fungal species representing various selected 
habitats in Egypt especially Arid Sinai. The aim of this work is directed to survey extracellular synthesis of 
AgNPs by endophytic fungi isolated from six wild medicinally important plants in Wadi Al-Arbaeein, Saint 
Katherine Protectorate, Arid Sinai, Egypt. In addition to optimize the reaction conditions and study the 
efficiency of photostimulation providing the maximum possible biosynthesis of AgNPs. 
  

MATERIAL AND METHODS 
 
2.1. Plant species and sampling: 
 One hundred samples representing 10 different sites (ten samples/site) of the dominant plant species in 
Wadi Al-Arbaeein were collected in sterilized polyethylene bags namely: 
 Achillea fragrantissima Sch.Bip., Artemisia herba-alba Asso., Chiliadenus montanus (Vahl) Brullo, 
Tanacetum sinaicum (Fresen.) Delile ex Bremer & Humphries (Asteraceae), Origanum syriacum L., and 
Teucrium polium L., (Lamiaceae) and were transferred to the laboratory in order to be plated out. Sites GPS 
location and elevation were shown in Table (1). Names and families were revised according to The International 
Plant Names Index (IPNI) updated database [30]. Samples were collected under the permission of Saint 
Katherine protectorate for scientific purposes and the study did not involve endangered species at all. 
 
Table 1: GPS readings of the collected sample. 

Plant Species Site 
No. 

GPS reading Elevation 
m a.s.l. Latitude Longitude 

Asteraceae     
Artemisia herba-albaAsso. 1,2 28.5488 33.9519 1670 
Achillea fragrantissimaSch.Bip. 3,4 28.5435 33.9568 1654 
Chiliadenus montanus (Vahl)Brullo 5 28.5405 33.9600 1709 
Tanacetum sinaicum (Fresen.)Delile 6 28.5408 33.9602 1710 

Lamiaceae     
Teucriumpolium L. 7 28.5408 33.9602 1710 

Origanumsyriacum L. 
8 28.5408 33.9602 1710 
9 28.5411 33.9605 1711 
10 28.5413 33.9608 1712 

 
2.2. Isolation of endophytic mycobiota: 
 A total number of 1000 plates were used for isolation of endophytic mycobiota (100 plate/plant). Pieces of 
stem and leaves (5 mm2, 4 pieces in each plate) were surface sterilized and cut for isolation of endophytic 
mycobiota. Pieces were washed in running water three times, immersed in 70% ethanol for 1-5 min., dipped in 
5% NaOCI for 3-5 min. according to the plant thickness and then with 70% ethanol for 0.5 minute [31] and 
plated on appropriate isolation media. For primary isolation both Czapek's yeast extract agar (CYA), 
supplemented with Rose bengal (1/1500) and chloramphenicol (50 ppm), and Potato Dextrose Agar (PDA) 
media were used. Plates were incubated at 25°C and assessing each plate for hyphal growth every three days for 
21 days. Growing fungi were purified for identification and transferred into slants for preservation. 
 
2.3. Phenotypic identification:  
 Identification of fungi up to species level based on phenotypic means was mainly based on the relevant 
identification keys: Pitt [32], Raper and Thom [33] for Penicillium; Raper and Fennell [34], Klich [35] for 
Aspergillus; Ellis [36,37] for Dematiaceous hyphomycetes; Booth [38] for Fusarium; Arx [39], Domsch et al. 
[40] for miscellaneous fungi; Guarroet al.[41] for ascomycetes; Doveri [42] for Chaetomium; and Simmons [43] 
for Alternaria. Authors’ names of fungal taxa were abbreviated according to Kirk and Ansell [44]. Systematic 
arrangement of the recorded list follows the 10th edition of Anisworth and Bisby’s Dictionary of the Fungi [45]. 
All name corrections, authorities, and taxonomic assignments of recorded species in this study were checked 
against the Index Fungorum database [46]. 
 
2.4. AgNPs Synthesis: 
 Thirteen species were selected based on their frequencies and surveyed for their capabilities for 
biosynthesis of Ag-NPs namely: Alternaria alternata (Fr.) Keissl. Aspergillus flavus Link, Trichoderma viride 
Pers., Aspergillus niger Teigh., Stachbotrys chartarum (Ehrenb.) S. Hughes, Nigrospora oryzae (Berk. & 
Broome) Petch, Eurotium chevalieri L. Mangin, Curvularia lunata (Wakker) Boedijn, Fusarium oxysporum 
Schltdl., Chaetomium globosum Kunze, Ulocladium atrum Preuss, Penicillium chrysogenum Thom and 
Talaromyces wortmannii C.R. Benj. These cultures were grown on potato dextrose agar (PDA) slants at 25°C 
for 14 days and maintained at 4°C in a refrigerator. 
 The taxa were grown in 250-mL Erlenmeyer flasks containing 100 mL potato dextrose broth (PDB) at 25° 
C and 120 rpm for 5 days. The biomass was harvested by serving through a plastic sieve. The biomass was 
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washed with sterilized distilled water to remove any medium component. 20 g of biomass (fresh weight) was 
mixed with 200 ml of deionized water in 500 ml Erlenmeyer flask and agitated in same condition for 72 h at 
25°C after the incubation. The cell filtrate was obtained by passing it through sterilized Whatman filter paper 
number 1. Filtrate was collected and used further for nanoparticles synthesis. For the synthesis of silver 
nanoparticles, 50 ml of 1 mM AgNO3 solution was mixed with 50 ml of cell filtrate in 250 ml Erlenmeyer flask 
and agitated at 25°C in dark. Control (without the silver ion, only biomass) was also run along with the 
experimental flask [47]. 
 
2.5. Characterization of Ag-NPs: 
 The preliminary detection of Ag-NPs was carried out by visual observation of colour change of the cell 
filtrate. These samples were later subjected to optical measurements, which were carried out by using a UV-Vis 
spectrophotometer (LW-200 Series) and scanning the spectra between 200 and 800 nm at the resolution of 1 nm. 
 
2.6. Photostimulation by polarized and red LED light: 
 Five taxa (Ch. globosum, C. lunata, P. chrysogenum, T. wortmannii, T. viride) were selected and 
photostimulated by two different sources of red light ranges; monochromatic red polarized light (MCRPL; 
λ=632.8 nm) and red light emitting diodes (red-LED light; λ=635 nm). Cultures of selected isolates were 
divided into three groups; (1) control group untreated and not irradiated to neither LED nor MCRPL; (2) second 
group were irradiated with exposure doses of 1, 5, and 30 seconds of monochromatic red polarised light with 
wavelength 632.8 and power intensity of 0.5 mW.cm-2 (Tables 2, 3) the third group of isolates were irradiated 
once with exposure doses of 1, 5, and 30 seconds of red light emitting diodes (Table 2). Irradiation to each dose 
was applied once giving one shot to the fungal cultures for assessing possible photostimulation effect.  
 Red LED irradiation were carried out on a special LED irradiation chamber with dimensions at temperature 
of 25 oC recommended by production optimisation experiments. Irradiation chamber include red LEDs with 
power intensity of 5.23 mW.cm-2 and wavelengths of 635 nm. The LED irradiation panel consisted of 9 LEDs 
lamps 10 mm diameter. 
 
Table 2: Experimental conditions and irradiation details for both monochromatic red polarized light and red-light emitting diodes light for 
      photostimulation of five isolates of fungal species for the production of silver nanoparticles. 

Experimental conditions Monochromatic red Polarised light Red light emitting diodes (LEDs) 
Radiation type Monochromatic Red Polarized Light (MCRPL) Red (Led) Light emitting diodes 
Wavelength 632.8 nm From 620 – 660 
λmax 632.8 nm 635 nm 
Power intensity 0.5 mW.cm-2 --- 
Dose Exposure time (s) 0, 1, 5 and 30 seconds 0, 1, 5 and 30 seconds 
Wave emission Continuous (CW) Continuous (CW) 
Irradiation times Single shot Single shot 
Beam size 15.5 x 27.7 cm 9 LEDs * 10 mm 
Laser polarization Linear --- 

 
2.7. Data analyses: 
 Data collected from various species after optimisation and photostimulation with two different 
electromagnetic radiations were presented in tables and figures. Variations between Ch. globosum and T. viride 
following different optimisation and photostimulation treatment were assessed statistically using two-way 
analysis of variance (2-way-ANOVA). Simple linear regression analyses and Spearman’s rank correlation were 
carried out to find the interrelationship between different reaction conditions and photostimulators on AgNPs 
production. Statistical analyses were carried out using IBM SPSS Statistic software release 22.0. 
 
3. Results: 
 One hundred samples of plant species namely: Achillea fragrantissima, Artemisia herba-alba, Chiliadenus 
montanus, Tanacetum sinaicum, Teucrium polium and Origanum syriacum were carefully collected from ten 
different sampling sites of Wadi Al-Arbaeein. A total number of 22 endophytic species (1514 CFU) belonging 
to 18 genera were isolated from different altitudes (1654 to 1712m) in the Wadi (Table 3).  
 Taxonomically, isolated species were assigned to two phyla with three classes, 7 orders, and 10 different 
families. Taxa of uncertain positions were distributed among different classes, orders and families. Family 
Trichocomaceae and Pleosporaceae showed the highest contribution among isolated fungal species (5 species 
each out of 22) followed by Mucoraceae (represented by 2 species) and the remaining fungal families were 
represented only by one species each. 
 The results showed that Zygomycota were represented by two species (about 9.09% of total species 
number), teleomorphic Ascomycota (by 4 species, 18.18%) and the anamorphic Ascomycota (represented by 16 
species, 72.72%). The prevailing fungal genera were Aspergillus sp. (3 species including anamorphic stages of 
one Eurotium species; 13.63% of the total isolates), Penicillium (represented by two species that include 
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anamorphic stage of one Talaromyces species, 9.09%) and Alternaria (2 species, 9.09%). The remaining taxa 
each were represented one species only. The most abundant species were: Nigrospora oryzae (21.99%), 
Alternaria alternata (19.02 %), and Chaetomium globosum (16.51 %). 
 
3.2. Visual inspection of Silver nanoparticles biosynthesis: 
 The formation of silver nanoparticles (AgNPs) was preliminarily confirmed by visual observation of colour 
change to yellowish brown and then dark brown. A total five species out of thirteen species showed a reasonable 
colour change of the cell filtrate. AgNPs producing taxa were Ch. globosum, C. lunata, P. chrysogenum, T. 
wortmannii and Trichoderma viride (Table 4).  
 
3.3. Monitoring biosynthesis of silver nanoparticles with UV-VIS Spectroscopy: 
 The silver nanoparticles were examined by UV-visible-spectroscopy, to monitor and assess the biosynthesis 
of silver nanoparticles, as one of the most widely used techniques for structural characterization of silver 
nanoparticles. Silver nanoparticles of T. viride showed maximum absorbance at 420 nm, while AgNPs from 
Chaetomium globosum showed maximum absorbance at 400 nm. The UV-Visible spectra of the five selected 
endophytic fungi are shown in Figure (1). Spectra of the colloidal silver nanoparticles showed that Ch. 
globosum and T. viride were the highest absorbance and P. chrysogenum were the least spectral absorption. 
 
Table 3: Total count (TC, colonies/ g), number of cases of isolation (NCI, out of 1000 samples) and percentage frequency of fungal taxa 
        recovered on isolation media at 28 oC. 

Species Source* TC NC1 % F 
Zygomycota  

Mucor circinelloid Tiegh. Os, Tp 4 2 0.2 
M. hiemalis Wehmer Af 3 3 0.3 

Ascomycota (teleomorphic)  
Chaetomium globosum Kunze Af, Ah, Cm, Ts, Os, Tp 250 67 6.7 
Eurotium chevalieri L. Mangin Os, Tp 30 4 0.4 
Sordaria fimicola (Roberge ex Desm.) Ces.&De Not. Os, Ts 12 9 0.9 
Talaromyces wortmannii C.R. Benj. Af 7 7 0.7 

Ascomycota (anamorphic)     
Acremonium rutilum W. Gams Af, Ah, Cm, Ts, Os, Tp 130 55 5.5 
Alternaria alternata (Fr.) Keissl. Af, Ah, Cm, Ts, Os, Tp 288 250 25 
A. tenuissima (Kunze) Wiltshire Ts 27 6 0.6 
Aspergillus flavus Link Af, Ah, Cm, Ts, Os, Tp 35 14 1.4 
A. niger Tiegh. Af, Ah, Cm, Ts, Os, Tp 17 5 0.5 
Cladosporium cladosporioides (Fresen.) de Vries Os, Tp 13 9 0.9 
Curvularialunata (Wakker) Boedijn Ts, Os, Tp 7 3 0.3 
Drechslera spicifera (Bainier) Arx Af, Ah, Cm 90 45 4.5 
Fusarium oxysporum Schltdl. Af, Cm, Ts, Tp 45 15 1.5 
Nigrospora oryzae (Berk. & Broome) Petch Af, Ah, Cm, Ts, Os, Tp 333 230 23 
Penicillium chrysogenum Thom Af, Ah 19 5 0.5 
Stachybotryschartarum (Ehrenb.) S. Hughes Os 5 3 0.3 
Trichotheciumroseum (Pers.) Link Ts 5 3 0.3 
Trichoderma viride Pers. Cm 12 3 0.3 
Ulocladium atrum Preuss Af 12 4 0.4 
Yeast Cm, Ts, Os 170 150 15 

Total  1514   
*Where: Af= Achilleafragrantissima, Ah=Artemisia herba-alba, Cm=Chiliadenus montanus, Ts=Tanacetum sinaicum, 
Os=Origanumsyriacum and Tp= Teucriumpolium. 
 
3.4. Reaction conditions Optimisation:  
 Different parameters were optimized for synthesizing nitrate reductase-mediated silver nanoparticles in 
vitro from including silver nitrate concentration, temperature and pH (Figures 2, 3).  
 One of the most important factor in the substrate concentration, in order to examine the effect of substrate 
concentration on nitrate reductase mediated synthesis of silver nanoparticles, silver nitrate of concentrations 0.5, 
1, 1.5, and 2 mM were used to determine the maximum concentrations of substrate which could give maximum 
biosynthesis of silver nanoparticles (Table 5). Absorbance spectra of colloidal silver nanoparticles at different 
wavelength showed that increasing silver nitrate enhance the production of silver nanoparticles especially the 
concentration of 1.5 and 2 mM silver nitrate for both Ch. globosum and T. viride (Table 5).  
 Silver nanoparticles production was enhanced with increased temperature (10, 25, 30 and 55 oC). T. viride 
increased biosynthesis of AgNPs at different increased temperature that showed maximum absorbance of 1.1, 
1.1, 1.3 and 2.0 at 420 nm, respectively (Table 6, Figure 3). However, Ch. globosum showed increased 
biosynthesis of AgNPs at 10 to 25 oC and showed the maximum absorbance at 400 nm. Generally T. viride 
showed the maximum spectrophotometric absorbance for the colloidal nanoparticles at 55 oC at different 
wavelengths e.g. 350, 400, 420, 450 and 500 nm. While, Ch. globosum showed increase in AgNPs biosynthesis 
with increasing temperature till 25 oC and then decreases with a maximum biosynthesis at 25 oC. Results prove 
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that there is a significant difference between T. viride and Ch. globosum in optimisation conditions especially in 
temperature parameter and the difference were proven statistically using two-way-analysis-of-variance at 
different temperature level (Table 6). 
 
Table 4: Production of silver nanoparticles (AgNPs) by thirteen screened taxa. 

Species Source Intensity of colour 
Alternaria alternate Ah - 
Aspergillus flavus Cm - 
Aspergillus niger Af - 
Chaetomium globosum Ts +++ 
Curvularialunata Ts + 
Eurotiumchevalieri Os - 
Fusariumoxysporum Tp - 
Nigrosporaoryzae Ts - 
Penicillium chrysogenum Ah + 
Stachbotryschartarum Os - 
Talaromyceswortmannii Af + 
Trichoderma viride Cm ++++ 
Ulocladiumatrum Af - 

*Where: Af= Achilleafragrantissima, Ah= Artemisia herba-alba, Cm= Chiliadenus montanus, Ts=Tanacetum sinaicum, 
Os=Origanumsyriacum and Tp=Teucriumpolium. 
 

 
 
Fig. 1: UV-Visible spectrum showing the absorption of AgNPs biosynthesis AgNPs at different wavelengths. 
 
3.5. Photostimulation:  
 Assessment of two different photostimulation methods for enhancing the production of silver myco-
nanoparticles based on NADPH-dependent nitrate were carried out using different irradiation doses (1, 5 and 
30) of monochromatic red polarized light and red light emitting diodes (LED). 
 Monochromatic red polarized light with wavelength 632.8 nm induced a significant increase in the 
biosynthesis if AgNPs from T. viride cell extract based on both colour changes and UV-Visible 
spectrophotometry. In Ch. globosum, monochromatic red polarized light didn’t affect AgNPs biosynthesis 
significantly, and the relation with increasing doses of polarized light were negative i.e. showing decreased 
biosynthesis of AgNPS with increasing doses of monochromatic red polarized light (Table, 8). The differences 
in AgNPs biosynthesis in both species were found to be significant at different wavelengths of UV-Visible 
spectrophotometry. 
 Red light emitting diodes of wavelength ranges from 620 to 660 nm and maximum wavelength of 635 nm 
induced a significant increase in the AgNPs biosynthesis especially for T. viride. Doses of 1, 5 and 30 minutes 
irradiation with red LED light induced increase in the AgNPs biosynthesis (Table 9). While, Ch. globosum 
doses of 1 minute had a promising effect on AgNPs biosynthesis.  
 Both fungi showed different responses to photostimulation by monochromatic red polarized light and red 
LED-light which was significant as resulted by analysis of variance test (Tables 8, 9). T. viride showed 
promising results in both optimization and photostimulation especially for polarized light. Further study on 
Trichoderma viride would be recommended. 
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 The production and biosynthesis of silver nanoparticles were improved by monochromatic red polarized 
light with wavelength 632.8 nm and dose of 30 minutes exposure time in case of T. viride. A dose of 1 minute 
was found to be slightly stimulatory in Ch. globosum and further exposure causes decrease in silver 
nanoparticles biosynthesis. On the other hand, almost all doses of Red LED light (1, 5, 30 minutes) of 
wavelength ranging from 620 to 660 nm were found to have stimulatory role on T. viride. The optimum 
conditions for AgNPs production by Ch. globosum were found to be as follow: presence of inducer AgNO3 
(AgNO3, 1.5 mM), pH (pH, 6-8) and temperature (T, 25 oC), while for T. viride the optimum condition were: 
presence of inducer AgNO3 (AgNO3, 2 mM), pH (pH, 5-6) and temperature (T, 30 and 55 oC). 
 
Table 5: UV-Absorbance of Silver nanoparticles mediated by two endophytic fungi Trichoderma viride (AgNPs-T) and Chaetomium 

globosum (AgNPs-C) at different wavelengths (350, 400, 420, 450 and 500 nm) after reaction mixture treatments with different 
substrate concentration (0.5,1,1.5 and 2mM) Each value is the mean of 3 replicates ± standard error. 

 
** Correlation is significant at the 0.01 level (2-tailed). 
 
Table 6: UV-Absorbance of Silver nanoparticles mediated by two endophytic fungi Trichoderma viride (AgNPs-T) and Chaetomium 

globosum (AgNPs-C) at different wavelengths (350, 400, 420, 450 and 500 nm) after reaction mixture treatments with different 
temperatures (10.0, 25.0, 30.0 and 55.0 ◦ C) Each value is the mean of 3 replicates ± standard error. 

 
** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed). 
 
Table 7: UV-Absorbance of Silver nanoparticles mediated by two entophytic fungi Trichoderma viride (AgNPs-T) and Chaetomium 

globosum (AgNPs-C) at different wavelengths (350, 400, 420, 450 and 500 nm) after reaction mixture treatments with different 
pH (3, 5, 6 and 8) Each value is the mean of 3 replicates ± standard error. 

 
** Correlation is significant at the 0.01 level (2-tailed). 
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Table 8: UV-Absorbance of Silver nanoparticles mediated by two endophytic fungi Trichoderma viride (AgNPs-T) and Chaetomium 
globosum (AgNPs-C) at different wavelengths (350, 400, 420, 450 and 500 nm) after reaction mixture treatments with different 
doses (exposure times: 1,5 and 30 min) of Monochromatic Red Polarized Light (632.8 nm). Exposition time 0 represents the 
controls. Each value is the mean of 3 replicates ± standard error. 

 
**Correlation is significant at the 0.01 level (2-tailed). 
 
Table 9: UV-Absorbance of Silver nanoparticles mediated by two endophytic fungi Trichoderma viride (AgNPs-T) and Chaetomium 

globosum (AgNPs-C) at different wavelengths (350, 400, 420, 450 and 500 nm) after reaction mixture treatments with different 
doses (exposure times: 1,5 and 30 min) of Red (Led) Light emitting diodes (660 nm). Exposition time 0 represents the controls. 
Each value is the mean of 3 replicates ± standard error. 

 
** Correlation is significant at the 0.01 level (2-tailed). 
 

 
 
Fig. 2: Regression trendline showing the in UV Spectroscopy show absorption peak of Chaetomium globosum 
      biosynthetic AgNPs with different pH reaction conditions at different wavelengths. 
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4. Discussions: 
 Data of the present study regarding endophytic fungi showed that counts of fungal populations are 
relatively moderate, similar observations on moderate count associated with medicinal plants in Saint Katherine 
Protectorate were recorded by several investigators e.g. Selim et al. [48-49] Abdel-Azeem and Salem [31], 
Salem and Abdel-Azeem [50]. In comparison with endophytic taxa isolated from Saint Katherine Protectorate 
our data indicates that some fungi are common to some species of medicinal plants e.g. Chaetomium globosum, 
Alternaria alternata and Nigrospora oryzae. This sociability may be referred to the chemical constituents of the 
plants [31,50]. The ability of some of these species to live under water stress and various chemical compounds 
has been proven by El-Shatoury et al.[51] on endophytic actinomycetes and by Salem and Abdel-Azeem [50] on 
endophytic fungi in Saint Katherine protectorate. The possibilities of isolating hundred of endophytic fungal 
species from a plant were generally mentioned by Tan and Zou [52]. Focus on the molecular study level of 
endophytes is required including the optimisation of fermentation conditions to enhance the production and 
production of biologically active secondary metabolites by endophytes proven to be an interesting and 
promising [52]. 
 Our results show that the effect of increasing temperature on biosynthesis of AgNPs by T. viride are in 
accordance to the results published by Rajaratheinam and Kalaichelvan [53], as they reported that increasing 
temperature from 0°C to 100°C results in increasing number of silver nanoparticles due to Surface Plasmon 
Resonance (SPR). In the case of Ch. globosum produced decreasing number of silver nanoparticles when 
changing reaction temperature from 30◦ C to 55 °C and this results in agreement with Safekordi et al. [54] who 
reported decrease of number of nanoparticles when increasing temperature from 5°C to 90 °C. 
 

 
 
Fig. 3: UV Spectroscopy show absorption peak of Trichoderma viride biosynthetic AgNPs with different     
      temperature reaction conditions at different wavelengths. 
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 In this study, increasing substrate concentration (double) always led to increase AgNPs biosynthesis, which 
is in agreement with Nayak et al. [55] who observed that formation of silver nanoparticle increases with 
substrate concentration increase up to 1.5 mM, but not 2 mM (double) as in our study. Nayak et al. [55] reported 
that substrate concentration increased as high as 5 mM after 1.5 mM to get appreciable amount of silver 
nanoparticle. This gives our taxa a great credit to be considered a native source for industrial production of 
silver nanoparticles. We observed no silver nanoparticles formation by Ch. globosum at pH 3 and pH 5 and 
AgNPs biosynthesis was optimized at alkaline pH, these results come in accordance to what reported by 
Krishnaraj et al. [56]. 
 Using photostimulators via monochromatic red polarized laser found to enhance the metabolism and 
enzymes [56] and to stimulate the biosynthesis of silver nanoparticles in both fungal species under investigation 
and biosynthesis of AgNPs by T. viride and Ch. globosum under monochromatic red polarized light were 
improved as previously proved by Popov et al. [58]. 
 
Conclusion: 
 Present research demonstrated the production of silver nanoparticles from endophytic fungi from selected 
medicinally important plant species at South Sinai, Egypt. About 13 species were screened for the production of 
Silver nanoparticles, five of which were found to be positively biosynthesizing nanoparticles. Intensive 
optimization and photostimulation studies were carried out on two of the five species namely, Chaetomium 
globosum and Trichoderma viride. The production and biosynthesis of AgNPs were improved and were detected 
by colour inspection and UV-Visible spectrophotometric study by monochromatic red polarized light with 
wavelength 632.8 nm and dose of 30 minutes exposure time in case of T. viride. In Ch. globosum a dose of 1 
minute was found to be slightly stimulatory and further exposure causes decrease in silver nanoparticles 
biosynthesis. On the other hand, almost all doses of Red LED light (1, 5, 30 minutes) of wavelength ranging 
from 620 to 660 nm were found to have stimulatory role on T. viride. The optimum conditions for Ch. globosum 
were found to be as follow: presence of inducer AgNO3 (AgNO3, 1.5 mM), pH (pH, 6 -8) and temperature      
(T, 25 oC), while for T. viride the optimum condition were: presence of inducer AgNO3 (AgNO3, 2 mM), pH 
(pH, 5-6) and temperature (T, 30 and 55 oC). Results showed the improved biosynthesis of AgNPs in T. viride 
and Ch. globosum under monochromatic red polarized light and moderately to red LED light.  Application of 
monochromatic red polarized light in the field of bio-nanotechnology for enhancing green synthesis of AgNPs 
would be recommended.  
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