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Abstract  

Rhizopus oryzae is work as a model study for evaluation fungal evolution. It represents as a dangerous 
infection characterized by fast angioinvasive growth. Furthermore, Azole resistance R. oryzae isolates 
represent an economic problem.  Green fabrication of silver nanoparticles is better than   chemical methods, 
as it is environmental and cheap-cost. In the present study, azole resistance R. oryzae isolates were 
collected from maize grains fields that had been sprayed with azole fungicides and then isolated. Thenm 
applied silver nanoparticles were synthesized by biological methods, using Aspergillus niger as a reducer. 
Silver nanoparticles were characterized by X-ray diffraction (XRD), Scanning Electron Microscopy (SEM), 
and Transmission Electron Microscopy (TEM), the antifungal activity of silver nanoparticles against Azole 
resistance R. oryzae isolates were collected from maize grains soil that had been remedied with azole 
fungicides was evaluated using the disc diffusion method, minimum inhibitory concentration (MIC). The 
physiochemical results emphasized the fabrication of Ag-NPs in spherical shapes with a diameter of 14 nm 
without any aggregation. MIC of Ag-NPs against azole resistance R. oryzae isolates from white and yellow 
maize was 62.5, 31.25 mg/mL, respectively. Finally, the goal of the report is utilize the silver nanoparticles 
as antifungal agents against Azole resistance Rhizopus oryzae isolates. 

Keywords: Rhizopus oryzae, silver nanoparticle, yellow and white corn, inhibition zone and minimum 
inhibition concentration (MIC). 

 
INTRODUCTION 

Rhizopus oryzae is belonging to the polyphyletic basal lineages which classify as the 
zygomycetes [1]. The zygomycetes is emerged spread filamentous which isolated from 
patients with mucormycosis, with a lethal infection in immunocompromised host [2]. More 
than 90% of rhinocerebral cases are caused by R. oryzae [3]. Rhizopus is ubiquitous in 
nature and many of their species enter in the food fermentation such as tempeh, ragi. 
Also, it enters in the fermentation to produce lactic acid and fumaric acid [4]. The analytic 
data of the R. oryzae genome refers to existence of multiple lines which demonstrated 
that the whole - -genome duplication (WGD), also, the result refer to the duplication of all 
protein complexes that including in the respiratory electron transport chain, the V-ATPase 
and the ubiquitin–proteasome system which confirmed that the genetic plasticity of R. 
oryzae may be lead rapid adaptation to adverse environmental conditions, including host 
immune  [5].Maize is economic crop which enter in the nutrients for human and livestock. 
It cultivate in many tropical area such as Australia, Africa and Middle East countries. It 
divided into three types (red, yellow and white) [6]. Nanoscience is a multidisciplinary 
science which interest in the brilliant properties of metal nanoscale. It concerned as 
convert the bulk material into nanosize (1-100 nm). Interestingly, it is contributing in many 
different fields such as industry and agriculture [7]. Nowadays, researchers are focus on 
the benefits of nanomaterial such as large surface are, optical and chemical properties. 
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Nanomaterials consist of many branches such as noble metal and metal oxide metal [8]. 
Metal nanoparticles have a wide variety of physicochemical properties. Nanomaterials 
have excellent properties due to their high surface energy, large surface area. In medical 
science [9], nanomaterials play an important role in a variety of applications [10]. Silver 
nanoparticles are promising materials in the fields of antibacterial, antitumor, and antiviral 
therapy [11-12]. Interestingly, Ag-NPs have a broad spectrum of antibacterial activity [11]. 
The antibacterial mechanism of silver nanoparticles depends upon liberated silver ions 
[12]. In this study, we Isolate of  Rhizopus oryzae from 100 samples from maize grains 
(50 samples from white maize  and 50 samples from yellow maize) and then investigate 
the Rhizopus oryzae susceptibility of isolates against antifungal drugs, determine MIC of 
the collected isolates and finally, utilized silver nanoparticles as fungicide against Azole 
resistance Rhizopus oryzae isolates. 
 
MATERIAL AND METHODS  

Sampling, isolation and identification of Rhizopus oryzae 

According to Alhazmi and Sharaf (2023), azole-resistant R. oryzae isolates were collected 
from corn grain soil that had been treated with azole antifungal [13]. 

Synthesis of silver nanoparticles using Aspergillus niger  

Aspergillus niger was used to synthesize silver nanoparticles in an environmentally 
friendly manner. According to Alhazmi and Sharaf (2023) [13]. 

Characterization of silver nanoparticle 

The silver nanoparticle was characterized using the following techniques: the Fourier 
transformed infrared (FT-IR) spectrum using the Nicolet 6700 apparatus (Thermo 
Scientific Inc., CA, USA), The crystalline nature and grain size were analyzed by XRD 
(D8 Advance X-ray Diffractometer, Bruker, Germany), and the morphology and 
visualization of zinc oxide nanoparticles were evaluated by transmission electron 
microscopy (TEM, JSM-2100F, JEOL Inc., Tokyo, Japan), and scanning electron 
microscopy (SEM, JSM-690, JEOL Inc., Tokyo, Japan). 

The susceptibility of Rhizopus oryzae isolates 

The antifungal susceptibility of all isolates investigated according to Clinical Laboratory 
Standard Institute M38-A2 reference method [14].  

Table1: The antifungal agent with their concentration 

Antifungal disc Concentration 

Terbinfine 100 ug/ml 

Fluconazole 25 ug/ml 

Ketoconazole 30 ug/ml 

Voricazole 1 ug/ml 

Amphotericin 100 ug/ml 

Nystatin 100 ug/ml 
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The anti-fungal activity of silver nanoparticle against Azole resistance R. oryzae 
isolates 

The Susceptibility Tests were determined according to NCCLS recommendations 
(National Committee for clinical laboratory Standards, 1993). The inhibition zone assay 
was carried out by the well diffusion method [15]. 

Results  

Isolation and identification of R. oryzae 

As table 2 summarized the total number of R. oryzae isolates were 2 out of 50 samples 
of white maize while the number of R. oryzae isolates that isolate from yellow maize was 
3 isolates. Figure 1 and 2 showed the R. oryzae from white and yellow maize respectively.  

Figure 1: displayed the Rhizopus oryzae on sabouraud dextrose agar. 

 

Table 2: Isolation and identification of R. oryzae 

The source of Azole resistance R. oryzae isolates No of isolate 

White corn 2 

Yellow corn 3 

Characterization of silver nanoparticle  

In this study, the silver nanoparticles were characterized by X-ray diffraction (XRD), SEM 
and TEM. The XRD patterns for Ag-NPs displayed that the presence of five characteristic 
peaks for Ag were observed at 2 Ɵ = 35.634, 43.415, and 65.264°, which are assigned 
to 111, 220, and 400, respectively. It was consistent with the standard silver diffraction 
pattern according to the Joint Committee on Powder Diffraction Standards (JCPDS-4-
0783 Diffraction Card), as Figure 2 showed. The SEM images, as shown in Figure 3, 
highlight the presence of silver nanoparticles in a spherical shape with a smooth surface. 
The TEM image displayed the silver nanoparticle with particle sizes of 14 nm, as shown 
in Figure 4, emphasizing the synthesis of silver nanoparticles in a spherical shape. 
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Figure 2. XRD of silver nanoparticles 

 

Figure 3: SEM images of silver nanoparticles 

 

 

Figure 4: TEM images of silver nanoparticles 
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The susceptibility of Rhizopus oryzae isolates against antifungal agents  

The antifungal susceptibility of all isolates investigated against different antifungal agents 
as table 3 display, there is any significance effect of the common antifungals agents 
against R. oryzae that isolated from white and yellow maize except Terbinfine against 
against R. oryzae which isolated from white corn and Amphotericin against R. oryzae 
which isolated from yellow corn.  

Table 3: The antifungals activity of common antifungals drugs against R. oryzae 
isolated from white and yellow corn. 

 

 

Figure 5A: The antifungals activity of common antifungals drugs against R. 
oryzae isolated from White corn, 

 

Figure 5B: The antifungals activity of common antifungals drugs against R. 
oryzae isolated from yellow corn 
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The susceptibility of Rhizopus oryzae isolates against silver nanoparticles 

Silver nanoparticle has a good anti-fungal activity against many funguses such as 
Candida Albicans, Aspergillus niger and Pestalotiopsis maculans [16]. As table 4 and 
figures 5 and 6 reveled. Silver nanoparticles which synthesized by reduction of silver ions 
by Aspergillus niger has a strong effect against both isolates of Azole resistance Rhizopus 
oryzae isolates. The inhibition zone of R.oryzae which isolated from white maize is 26 nm 
while, silver nanoparticle is less effect on R. oryzae isolated from yellow maize, the 
inhibition zone is 21 nm. Similarly, the minimal inhibition concentration of silver 
nanoparticles against Azole resistance R. oryzae isolated from yellow corn is better than 
white corn (62.5 and 31 mg) respectively. 

 

Figure 6: The antifungals activity of silver nanoparticles against R. oryzae 
isolated from white corn 

 

Figure 7: The antifungals activity of silver nanoparticles against R. oryzae 
isolated from yellow corn 
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Table 4: The antifungals activity of silver nanoparticles against R. oryzae isolated 
from white and yellow corn 

Tested microorganisms Inhibition Zone (nm) MIC (mg) 

R.oryzae (white corn) 26 nm 62.5 ± 2.1 

R.oryzae (yellow corn) 21 nm 31.25 ± 1.2 

 
DISCUSSION  

Rhizopus oryzae is related to the zygomycetes family. It causes a highly dangerous 
infection. The analysis data of the R. oryzae genome displayed the presence of the 
multiple lines which support the ancient whole-genome duplication (WGD).  Interestingly, 
the fungal infection diseases still represent a great threat for individuals’ health although 
novel antifungal have been developed [5]. The penetration and damage of endothelial 
cells lining blood vessels are occurred is the pathogenetic strategy of R. oryzae’s due its 
attached to and phagocytosis via endothelial cells [14]. The angioinvasion is an indiaction 
of zygomycotic infections. Previous study reported that R. oryzae spores and hyphae can 
be penetrate and damage HUVECs [15]. Nanotehnology is the modern technology in 
fabrication and utilization of structures of material in nanosize scale, it can be utilize as a 
modern route to create a novel, drug [16-17]. Ten years ago, the nanoscience has 
magnificent role in medicine for example, cancer diagnosis and therapy. It can be 
categorized into different division   such as noble metal or a metal oxide material. Also, it 
is typify into one dimension and two dimensions [18]. Silver nanoparticles are categorized 
as highly effective antimicrobial against a wide range of bacteria [19-20]. In this work, 
Azole resistance R. oryzae isolates were collected from maize grains soil that had been 
treated with azole fungicides and then isolated by pitt et.al (2009) method [12]. Followed 
by study the resistivity of the isolated against the common convention antifungal drugs. 
After that, the antifungal activity of silver nanoparticles, which synthesis by reduction 
method via Aspergillus niger as a reducer agent, against Azole resistance R. oryzae 
isolates from white and yellow by the inhibition zone and MIC method. The results showed 
that the total number of R. oryzae isolates were 2 out of 50 samples of white maize while 
the number of R. oryzae isolates that isolate from yellow maize was 3 isolates. The 
antifungal activity against Azole resistance R. oryzae isolates has no significance effect 
of the common antifungals agents against R. oryzae that isolated from white and yellow 
maize except Terbinfine against against R. oryzae which isolated from white corn and 
Amphotericin against R. oryzae which isolated from yellow corn as table 2 displayed. The 
physiochemical characterization of the silver nanoparticle with particle sizes of 14 nm. 
The inhibition zone of R.oryzae was 26 nm and 21 nm which isolated from white and 
yellow maize respectively. The mimium inhibition concentration (MIC) of R.oryzae was 
62.5 mg and 31.25 mg which isolated from white and yellow maize respectively. The 
antimicrobial activity and surface –volume ratio increase as the size of the nanoparticle 
decreased [21]. The noble metal such as silver and gold has highly antibacterial activity 
with low toxicity for animal cells [22]. Currently, the scientists are interests in silver 
nanoparticles, especially in the field of treating skin infections including dermatomycosis 
[23] whatever, nanoparticle work alone or association with other drug which increase their 
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impact against drug resistant microorganism (bacterial or fungus) [24]. The antimicrobial 
mechanism of the silver nanoparticle is release of silver ions throughout the accumulation 
of extracellular Ag-NPs which activate the penetration of Ag+ inside the cell [19]. Also, the 
attachment of Ag-NPs toward DNA and thiol groups of proteins with rectify with 
phosphorus- or sulphur-containing compounds inside DNA may lead to damage the 
yeasts by inhibiting DNA replication and protein inactivation [25]. Finally, silver 
nanoparticles are recommended as antifungal agents against Azole resistance Rhizopus 
oryzae. 
 
CONCLUSION 

In the present study, Azole resistance R. oryzae isolates were collected from maize grains 
fields that had been treated with azole antifungal agent and then isolated Followed by 
study the resistivity of the isolated against the common convention antifungal drugs. After 
that, the antifungal activity of silver nanoparticles, which synthesis by reduction method 
via A. niger as a reducer agent, against Azole resistance R. oryzae isolates from white 
and yellow by the inhibition zone and MIC method. The results showed that the total 
number of R. oryzae isolates were 2 out of 50 samples of white maize while the number 
of R. oryzae isolates that isolate from yellow maize was 3 isolates. The antifungal activity 
against Azole resistance R. oryzae isolates has no significance effect of the common 
antifungals agents against R. oryzae that isolated from white and yellow maize except 
Terbinfine against against R. oryzae which isolated from white corn and Amphotericin 
against R. oryzae which isolated from yellow corn as table 2 displayed. The 
physiochemical characterization of the silver nanoparticle with particle sizes of 14 nm. 
Also, the antifungal activities of silver nanoparticle against R. oryzae evidence those Ag-
NPs. The inhibition zone of R.oryzae was 26 nm and 21 nm which isolated from white 
and yellow maize respectively. The minimum inhibition concentration (MIC) of R.oryzae 
was 62.5 mg and 31.25 mg which isolated from white and yellow maize respectively. 
Finally, evidence that silver nanoparticles is a promising agent against Azole resistance 
R. oryzae isolates.   
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