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ABSTRACT 

     In this study, Antifungal potential of silver nanoparticles synthesized from 

by filtrate Ttichoderma harizanum on different pathogenic fungi was investigated. 10 

mL of filtrate Ttichoderma harizanum on was mixed with 90 mL of (1 mM ) and (2 

mM) aqueous AgNO3 and  heated at 70 °C for 10 min. A change color solution to 

dark brown color was observed .  

    Characterization using UV-VIS spectrophotometery. The UV-Vis spectral analysis 

showed silver surface plasmon resonance band at (299.5 – 435.5) nm in 2 mM 

aqueous AgNO3 . Antifungal activity against three fungi was tested using well 

Poisoned food method. The synthesized silver nanoparticles efficiently inhibited 

various pathogenic fungi in a dose dependent 

     The approach of dark brown synthesis seems to be cost effective, eco-friendly and 

easy alternative to conventional methods of silver nanoparticles synthesis. The 

powerful bioactivity demonstrated by the synthesized silver nanoparticles leads 

towards the clinical use as antifungal. 
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INTRODUCTION 

     Nanotechnology is the first major worldwide research initiative of the 21st century. 

Nanotechnologies are general purpose technologies that act as both the basis for 

technology solutions across a range of industrial problems or as a nexus for the 

convergence of other enabling technologies like biotechnologies, computational 

sciences, physical sciences, communication technologies, cognitive sciences, social 

psychology and other social sciences (1;2; 3; 4)  

    Accordingly, these environmentally-friendly biological systems may be considered 

as benign nanofactories. It must be pointed out that many such microorganisms are 

biologically poisonous to humans, animals and plants, and care must be taken in their 

choice for production of nanoparticles. 

     It is demonstrated that using the dissimilatory properties of an eukaryotic organism 

such as fungi may be used to biosynthesize and grow nanoparticles. It is shown that 

certain fungi have the ability of producing extracellular metabolites that serve as agent 

for their own survival when exposed to such environmental stresses like toxic 

materials (such as metallic ions), predators and temperature variations[5].  

   In the biosynthesis of metal nanoparticles by a fungus, the fungus mycelium is 

exposed to the metal salt solution. That prompts the fungus to produce enzymes and 

metabolites for its own survival. In this process the toxic metal ions are reduced to the 

none-toxic metallic solid nanoparticles through the catalytic effect of the extracellular 
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enzyme and metabolites of the fungus. The presence of hydrogenase in fungi, such as 

Fusarium oxysporum [6], Trichoderma reesei [7] and Trichoderma viride, was 

demonstrated with washed cell suspensions that had been grown aerobically or 

anaerobically in a medium with glucose and salts amended with nitrate [8]. The 

nitrate reductase was apparently essential for ferric iron reduction [9].  

    Many fungi that exhibit these characteristic properties, in general, are capable of 

reducing Au (III) or Ag (I) [10]. Besides these extracellular enzymes, several 

naphthoquinones [11-12] and anthraquinones [13] with excellent redox properties, 

were reported in Fusarium oxysporum that could act as electron shuttle in metal 

reductions [14-15]. Specifically the following results towards production of 

nanoparticles have been achieved using fungi: 

i. Biosynthesis of magnetite using the fungus Fusarium oxysporum and Verticillium 

species [16]. 

ii. Production of gold nanotriangles by actinomycete, which is a bacteria resembling 

fungi [17]; 

iii. Intracellular synthesis of gold and silver nanoparticles in Verticillium fungal cells 

[18, 19 , 20]. 
iv. Extracellular production of gold, silver and bimetallic Au-Ag alloy nanoparticles 

by the fungus Fusarium oxysporum [21-22]. It has been observed that the exposure of 

aqueous solutions of metal salts or a mixture of metal salts to Fusarium oxysporum 

resulted in extracellular formation of nanoparticles of dimensions 5–50 nm and alloy 

nanoparticles of dimensions 8–14 nm [23-24]. 

v. Extracellular production of silver nanoparticles using the fungus Aspergillus 

fumigatus [25]. 

vi. Production of silver nanoparticle as a result of the reduced state of pretreated 

fungus Phoma Species [26]. 

vii. Extracellular enzymatic reduction of MnO2, nitrate, selenite and ferric ions using 

fungus Trichoderma reesei [27]. 

   In the present paper we report extracellular production of silver nanoparticles using 

Trichoderma harizanum. In what follows, the main advantages of Trichoderma 

harizanum over other fungi are reported. 

 
MATERIALS AND METHODS 

Materials 

    The chemical silver nitrate (AgNO3)  fungus Trichoderma harizanum ,  Distilled water, 

Potato
'
s Dextrose Agar (PDA) . 

 

Preparation of the filtrate of the fungus Trichoderma harizanum  

    Filtrate of the fungus Trichoderma harizanum was prepared by It was growth in 

Distilled water  About 100 ml of about 5 days at 27 C °, That filtrate of the fungus 

Trichoderma harizanum were filtered with the help of filter paper , Then filtrate of the 
fungus Trichoderma harizanum was kept in refrigerator at   4 C ° for future experiments. 

 

Synthesis of silver nanoparticles 

   Aqueous solution of silver nitrate was prepared by adding 2mM of AgNO3 to 90 

ml of distilled water at room temperature. The aqueous solution was mixed with 10 

ml of filtrate of the fungus Trichoderma harizanum at a temperature of 70 °C while 

stirring magnetically at 1000 rpm for 10 min. The bio-reduced aqueous component was used 

for the UV–Vis spectroscopy characterization. 

 



Characterization of silver nanoparticles 

UV-Vis spectral analysis was done by using UV-Vis spectrophotometer (CE7200) 

UV/Vis spectrophotometer, England) from 200-900 nm at a resolution of 2nm. 

Evaluation of antifungal activity 

The silver nanoparticles synthesized using filtrate of the fungus Trichoderma harizanum 

was tested for  antifungal activity by Poisoned food method(28) against different pathogenic 

fungi  Aspergillus niger, Aspergillus ochraceus, Fusarium solani. The pure cultures of  fungi  

were sub cultured on PDA. Each fungi was transfer disk  from  colony of  fungi using 

Piercing cork diameter 7.5 on to each well on all plates . After incubation at 27◦C for 7 days, 

the diameter of  colony (radial growth) was measured in millimeter.  

 

 

Results and Discussion 

 

     Figure(1) shows a tube of filtrate of the fungus Trichoderma harizanum immersion  

in 1 mM AgNO3 solution and 2 mM AgNO3 solution. The pale brown color of the 

fungal cells can clearly be observed in Figure 1. A picture of the tube containing the 

fungal cells after immersion in 1M  AgNO3 solution for 10 min is shown in 

Figure1(A). The tube containing the fungal cells after immersion in 2M  AgNO3 

solution for 10 min is shown in Figure1(B). It can be observed that the previous 

yellow color of the reaction mixture is changed to the brownish color after 10 min of 

reaction. The appearance of a yellowish-brown color in solution containing the 

biomass is a clear indication of the formation of silver nanoparticles in the reaction 

mixture. The color of the solution is due to the excitation of surface plasmon 

vibrations (essentially the vibration of the group conduction  electrons) in the silver 

nanoparticles 

    Optical spectroscopy is widely used for the characterization of nanomaterials. In 

the present study we use three different spectroscopy techniques to fully characterize 

the silver nanoparticles we have produced. They include absorption UV-Visible light 

spectroscopy, fluorescence emission spectroscopy and Fourier transform infrared 

spectroscopy. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Picture of  tube containing filtrate of the fungus Trichoderma harizanum 

with aqueous AgNO3  (1m)(A1) before and (A2)  after  heated at 70 °C for 10 min 

and tube containing filtrate of the fungus Trichoderma harizanum with aqueous 

AgNO3  (2m)(B1) before and (B2)  after  heated at 70 °C for 10 min. 



 

 
 
Figure (2) UV/Vis absorption spectra of reduction of silver ions to silver nanoparticles 

after heating at 70 °C for 10 min 

 

 

 
    In this study, the application of silver nanoparticles as an antifungal agent was investigated 

and demonstrated that the zone of inhibition increased according to concentration of silver 

nanoparticles in all pathogenic  fungi Figure (4) , we have shown for the first time the use 

of Trichoderma in the extracellular synthesis of silver nanoparticles. In the 

biosynthesis of metal nanoparticle by a fungus, enzymes are produced which reduce a 

salt to its metallic solid nanoparticles through the catalytic effect. Compared to other 

filamentous fungus, the Trichoderma is considered to be the most efficient 

extracellular enzyme producer, and has a long history in the production of industrial 

enzymes( 29). 

    Extracellular secretion of enzymes offers the advantage of obtaining large 

quantities in a relatively pure state, free from other cellular proteins associated with 

the organism, and can be easily processed by filtering of the cells and isolating the 

enzyme for nanoparticles synthesis from cell-free filtrate. Our measurements indicate 

that extracellular biosynthesis of silver nanoparticle by Trichoderma harizanum 

have inhibitory ability of pathogenic fungi reached at Concentration 1M AgNo3 (1.85 

, 2.7 ,6.9 ) for F.solani ,A.ochraceous ,A.niger respectively Figure( 3,4) , While 

reached at Concentration 2M AgNo3  (1.25 ,1.4 , 1.55) for all fungi respectively 

Figure (3,4) ,While treatment comparison ( without addition ) (3.85 ,9.0 ,8.8 ) for all 

fungi respectively Figure (3 ,4). we compare the size ranges methods of AgNP 

produced through various fungi  together with the environmental biological and 

economical implications of the use of each fungus. According to biosynthesis of silver 

nanoparticles by fungus Trichoderma harizanum is preferred from the points of view 

of safety, economy and the large-scale production potential. As discussed above, we 



can biosynthesize silver nanoparticles on a large scale through Trichoderma 

harizanum, which is a major advantage over other fungus methods. It should be 

mentioned that Trichoderma harizanum is not known to be harmful to humans. 

According to previous studies on Trichoderma harizanum, the production of 

extracellular enzyme and nanoparticles in this fungus is more efficient than other 

fungi. It is also shown that Trichoderma harizanum has easier and cheaper cultivation 

requirements and higher growth rates on both industrial and laboratory scales, thereby 

having a lower cost in large-scale production. It should be pointed out that large-scale 

production of silver nanoparticles by other techniques, such as chemical vapor 

deposition, irradiation, and liquid solution reduction, usually produces particles larger 

than a few micrometers in size. These other techniques also involve lower production 

yields and higher expenses [30, 31, 32] compared to large-scale biosynthesis through 

Trichoderma harizanum Because of the significant commercial value of the findings  

 

 

 

Figure 3 : aqueous AgNO3 with filtrate of the fungus Trichoderma harizanum 

treatment had  significant  inhibited effect for growth of tested fungi 

C : Control ( without addition ) 

C1: (1 mM) aqueous AgNO3 with filtrate of the fungus Trichoderma harizanum 

C2:  (2 mM)  aqueous AgNO3 with filtrate of the fungus Trichoderma harizanum 

 

 

 

 



      

               (A)   Aspergillus niger                                         (B)  Aspergillus ochraceus   

 

 

 

  (C)  Fusarium solani 

 

Figure 4 : aqueous AgNO3 with filtrate of the fungus Trichoderma harizanum 

treatment had  significant  inhibited effect for growth of tested fungi(A ,B ,C ,) 
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راشح الفطر  بواسطة المتشكلة النانوية الفضة الفطرية لدقائق المضادة الفعالیة

Ttichoderma harizanum 
 معين نعمة أسماء    طيف هظهر هسلن الخالذي           كاظن الزيادي  الأمیر عبذ م.م صبا

 ةـــة القادسيـوم / جاهعـة العلـكلي    
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 الخلاصة :

تم فً هذه الدراسة اختبار الفعالٌة المضادة الفطرٌة لدقائق الفضة النانوٌة المتشكلة بواسطة راشح الفطر     
Ttichoderma harizanum  مل  01مل من راشح الفطر مع  01على بعض الفطرٌات الممرضة اذ تم مزج

 01مولاري( وتم تسخٌن المزٌج عند درجة حرارة  2مولاري و  0من محلول نترات الفضة المحضرة بتاكٌز )
ام دقائق فلوحظ تغٌر اللون من الاصفر الى البنً الداكن , ولتشخٌص القائق المتشكلة تم استخد 01ولمدة  ه م 

لتركٌز نانومٌتر   (435.5 – 299.5) ت حزمة التصوٌر الطٌفً عند قراءةاذ ظهر UV-VISالمقٌاس الطٌفً 
على ثلاث انواع فطرٌة ممرضة باستخدام طرٌقة الغذاء , كما درست الفعالٌة المضادة الفطرٌة مولاري  2

الممرضة المختبرة واعتمادا على المسموم واظهرت دقائق الفضة النانوٌة المتشكلة تثبٌط لمختلف الانواع 
تركٌزها وبذلك ٌعد تخلٌق دقائق الفضة النانوٌة بهذه الطرٌقة الباٌلوجٌة سهلة وغٌر مكلفة وٌمكن استخامها 

 سرٌرٌا كمضادات فطرٌة .
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