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The present study focuses on the preparation of green-synthesized zinc oxide 
nanoparticles (ZnO NPs) using Saccharomyces cerevisiae extract and evaluates their 
inhibitory effect on powdery mildew disease under laboratory conditions. Powdery 
mildew, caused by Erysiphe necator, is a major fungal pathogen that reduces crop yield, 
leaf quality, and overall plant vigor. Conventional fungicides are widely used to control 
this disease; however, their repeated application raises concerns regarding environmental 
safety, pathogen resistance, and chemical residues in food. Consequently, there is a 
growing interest in developing eco-friendly alternatives that combine effectiveness with 
sustainability. Nanotechnology, particularly the use of biologically synthesized 
nanoparticles, has emerged as a promising approach to plant disease management. In this 
study, ZnO NPs were synthesized using an eco-friendly biological method and 
characterized through various techniques, including Fourier-transform infrared 
spectroscopy (FTIR), scanning electron microscopy (SEM), X-ray diffraction (XRD), and 
UV-visible spectroscopy. These methods confirmed the morphology and crystalline 
structure of the nanoparticles. The antifungal activity of three concentrations 50, 100, 
and 150 ppm was evaluated against powdery mildew leaf spot symptoms to determine 
their effectiveness in controlling this plant disease. Results demonstrated that ZnO NPs 
exhibited inhibitory activity at all tested concentrations, with effectiveness increasing 
proportionally to the dosage. The minimum inhibitory concentration (MIC) was 
determined to be 50 µg/mL, indicating strong suppression of E. necator. The study 
provides valuable insights into the potential application of nanotechnology in plant 
protection and supports the development of sustainable agricultural practices. 
 

Contribution/Originality: This paper is distinctive because it employs Saccharomyces cerevisiae for the green 

synthesis of ZnO nanoparticles and evaluates their antifungal activity against Erysiphe necator, a major grapevine 

pathogen that is rarely studied in nanoparticle research. The study results indicate an effective concentration of 50 

µg/mL, highlighting the potential as sustainable alternatives to chemical fungicides. 

 

1. INTRODUCTION 

One of the most pervasive and harmful diseases in the world is powdery mildew. A significant portion of the 

damage caused by this disease is attributed to Erysiphe necator. Numerous plant species and cultivars have leaves and 
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fruits that are highly vulnerable to this disease [1]. Powdery mildew can grow in a variety of humidity levels, but it 

is most likely to flourish in a dry climate [2].  

Fruit productivity and quality could be significantly reduced due to Erysiphe necator's ability to infect all green 

tissues, including leaves, young bunches, inflorescences, and fruits. This is because Erysiphe necator can lower the 

assimilation rate by reducing the area of green leaf tissue and affecting gas exchange in other green tissues [3, 4]. 

In grapevines, the initial signs are small, chlorotic dots on the upper surface of the leaf, occasionally accompanied 

by shiny spots or a white web on the underside. On shaded leaves, however, the symptoms are the same on both sides 

[2, 5].  

It was once well acknowledged that several control methods, such as field sanitation and the use of appropriate 

fertilizers, may aid in preventing the spread of disease; nevertheless, these approaches eventually lose their ability to 

effectively eradicate the disease. Consequently, clever, effective, and efficient materials that are suitable for 

antimicrobial agents must be developed [6].  

Nanotechnology may address this issue by producing nanoparticle-based pesticides that can provide an affordable 

and ecologically beneficial solution for managing plant diseases and crop protection [7, 8]. Moreover, soil pollution 

is reduced, and soil microbial communities are preserved when nanomaterials are used in agriculture to ensure the 

minimal use of agrochemicals [8-10].  

Zinc oxide (ZnO) is a commonly used oxide due to its antimicrobial potential, demonstrated by its antifungal and 

antibacterial properties [11-13]. Numerous studies have shown that ZnO nanoparticles enhance antibacterial activity 

when doped with other metals such as chromium, silver, or gold. Additionally, it has been observed that at higher 

dosages, smaller nanoparticles exhibit more effective inhibition [14, 15]. 

This paper aims to provide information on the synthesis of ZnO nanoparticles using yeast extract and to investigate 

its impact on powdery mildew leaf spot disease. 

 

2. MATERIAL AND METHODS 

2.1. Synthesis of Different Nano-Particles Using Yeast Cells  

The synthesis of nanoparticles (NPs) by supplementing yeast with zinc oxide (ZnO) will be used to enhance 

Saccharomyces cerevisiae separately. Growth media (YEPD) consisted of glucose, peptone, and yeast extract. 

An incorporated strategy was employed to enrich the yeast with zinc oxide [16]. After 24 hours of incubation 

during the growth phase, the yeast will be inserted for integration in the second step. 

 

2.2. Measuring the Elements Level in the Yeast Cells  

A modified Demirci and Pometto [17] method was employed for sample preparation using Atomic Absorption 

Spectroscopy (AAS). After centrifuging the yeast sample at 10,000 rpm and 4°C for 15 minutes, the supernatant was 

removed. Cells were washed three times with 0.9% saline solution to remove all of the culture media adsorbed on 

their surfaces. A 300 mL Kjeldahl flask contained a 0.1 g dry yeast sample. The dried sample was treated with 5 mL 

of concentrated nitric acid and heated at 160°C until the vigorous reaction subsided. Subsequently, 2 mL of 

concentrated sulfuric acid was added, and heating continued while small amounts of concentrated nitric acid were 

added until the solution became colorless. Heating was maintained until dense sulfuric acid fumes were produced. 

After cooling, the contents were filtered into a 50 mL volumetric flask and diluted with distilled water to the specified 

volume. The sample's absorbance was measured using a Flame Atomic Absorption Spectrophotometer at 213.9 nm. 

 

2.3. Zn Nps Characterization 

2.3.1. Characterization Through Visuals 

The color change in the reaction mixture from white to yellowish (ZnO NPs) was used to characterize the 

nanoparticle production process. 
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2.3.2. Ultraviolet-Visible Spectroscopy 

To determine the surface plasmon resonance peaks of the biosynthesized nanoparticles, the different colloidal 

solutions were monitored using a UV-visible spectrophotometer (Carry 100 Ultraviolet-Visible Spectrophotometer, 

Agilent, USA) at a resolution of 1 nm within a wavelength range of 300 to 700 nm. 

 

2.3.3. HRTEM 

HRTEM (JEOL JEM-1200, Japan) was used to examine the size, shape, and selected area electron diffraction 

pattern (SAED) of the biosynthesized nanoparticles (NPs) at an operating voltage of 200 keV. Before examination by 

HRTEM, a drop of colloidal NPs was placed on a copper grid covered with carbon and allowed to dry in the air. 

 

2.3.4. DLS 

The particle size distribution was determined by analyzing the dynamic variations in light scattering intensity 

(DLS) caused by the particles' Brownian motion, using a Nano-Zeta Sizer (Malvern Instruments ZS-Nano, UK). The 

measurement provided several key parameters, including the zeta potential, the polydispersity index (PdI), which 

indicates the width of the particle size distribution, the average hydrodynamic diameter of the particles, and the peak 

values within the hydrodynamic diameter distribution. On the PdI scale, a value of 0 indicates a monodisperse sample, 

while a value of 1 indicates a highly polydisperse sample. All measurements were conducted at a scattering angle of 

90°, with a temperature equilibration time of 1 minute at 25°C, and each measurement was performed in triplicate to 

ensure accuracy and reproducibility. 

 

2.3.5. FTIR 

Separately, the synthesized nanoparticles (NPs) were combined with spectroscopy-grade potassium bromide 

(KBr) powder and pressed into 1% sample pellets for Fourier-transform infrared (FTIR) analysis. The FTIR spectra 

were recorded using a Jasco 600 FTIR spectrophotometer (Japan) with a resolution of 4 cm-1 and 32 scans, covering 

the spectral region from 4000 to 400 cm-1. 

 

2.4. Determination of the Infection Rate and the Effectiveness of the Proposed Materials for Controlling Powdery Mildew 

2.4.1. Isolation of Fungal Pathogens 

Grape was used as a sample of infected plant tissues with powdery mildew, obtained from the field and sorted 

separately. After slicing the infected plant samples into 3 mm pieces with a sterile razor blade and sterilizing their 

surfaces for two minutes in a 1% hypochlorite solution, they were placed on Potato Dextrose Agar (PDA) and 

incubated at room temperature for five days. After isolation, each colony was transferred to a fresh plate and 

maintained on PDA slants. 

 

2.4.2. Identification of Fungal Pathogens  

The pathogenic fungus identified was cultivated for seven days at 28°C on Czapek-Dox medium Robinson et al. 

[18]. Ainsworth [19] and Ainsworth et al. [20] state that the morphological analysis of the tested fungus, using 

bright field microscopy (Olympus CH40), was employed to identify the promising isolated fungus. 

 

2.5. Studying the Antimicrobial Activity for the Tested Agents 

The disc diffusion method was used to identify the zone of inhibition in order to investigate the antifungal activity 

of the synthesized nanoparticles (NPs) that were tested [21]. 

The pathogenic fungal isolates were cultivated for 10 days until sporulation on potato dextrose agar (PDA) slants 

at 27°C. To wash the spores, a sterile 0.01% Tween 80 solution was used. Each fungal species had approximately 

10^5–10^6 spores per milliliter in the final spore preparations, as observed under the microscope [22] 
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Testing for antifungal activity using the disc diffusion method: 

The disc diffusion method was employed to assess antifungal activity, which was quantified as the percentage 

inhibition of mycelium growth using the following formula. 

Inhibition (%) = (C - T) × 100 / C, where C and T represent the average mycelium growth (mm) of the control 

and treated discs, respectively. Each test was conducted three times to ensure accuracy and reproducibility. 

 

2.5.1. Minimum Inhibitory Concentration (MIC) Determination 

An agar plate dilution procedure was used to establish the MICs in accordance with the guidelines of the Clinical 

and Laboratory Standards Institute, as detailed in Kang et al. [23]. 

 

3. RESULTS 

3.1. Zinc Oxide Nanoparticles: Synthesis and Characterization 

As illustrated in Figure 1a, ZnO nanoparticles (NPs) powder exhibited a fluffy appearance and a white to 

yellowish tint. Using UV-visible spectroscopic absorbance analysis, it was observed that the biosynthesized colloidal 

ZnO NPs remained stable for up to five months when stored at 4°C. The spectra of ZnO nanoparticles are 

characterized by a local absorption peak at 300–325 nm and show significant absorption in the ultraviolet (UV) region, 

extending well into the UV spectrum (Figure 1b). 

  

 
Figure 1.  Characterization of ZnO NPs. (a) Bio-synthesized ZnO NPs. (b) UV image of ZnO NPs synthesized by green technology. (c, d) 
HRTEM micrograph image and SAED pattern of ZnO NPs, respectively. 
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The HRTEM method was used to examine the NPs' size, shape, and crystallinity. ZnO NP HRTEM micrographs 

revealed comparatively tiny spherical particles (10–23 nm) that were coagulated in sizable clusters (Figure 1c). By 

examining the selected area electron diffraction (SAED) pattern, which revealed fine patches in the ring pattern 

(Figure 1d), the polycrystalline structure of the tested ZnO nanoparticles was verified. 

 

 
Figure 2. (a) DLS of ZnO NPs showing the size distribution by number. (b) FTIR spectra of ZnO NPs. 

 

Table 1. DLS of the tested ZnO NPs. 

Parameter Tested ZnO NPs 

Peak 1 Peak 2 Peak 3 

Area % 98.0 2.0 0.0 
PdI 6.61 2.20 0.0 
Zeta potential (mv) -34.4 -13.0 0.0 

 

Dynamic light scattering (DLS) of the tested ZnO nanoparticles (NPs) showed three peaks with area percentages 

of 98.0%, 2.0%, and 0.0%, respectively, as shown in Figure 2a. Additionally, DLS indicated the polydispersity index 

(PdI) values of 6.61, 2.20, and 0.0, while the zeta potential measurements were -34.4 mV, -13.0 mV, and 0.0 mV, 

respectively (Table 1). 

Based on the peak value in the infrared spectrum, FTIR spectroscopy is used to determine the functional groups 

of the biomolecules encasing the NPs. Figure 2b displays the ZnO NPs' FTIR spectra. These nanoparticles were 

capped with a protein found in yeast cells, according to the ZnO NPs spectra, which displayed absorption bands at 

3209 cm-1, 1641 cm-1, 1536 cm-1, 1453 cm-1, 1138 cm-1, and 1045 cm-1. The peak, which was assigned to amide A's 

v(N–H) and overlapped with ν(O–H), appeared at an average wave number of 3209 cm-1. Additionally, the bending 

vibrations of the protein's amide I and amide II bands correlated with the band at 1641 cm-1. Furthermore, at 1045 

cm-1, a band indicative of C–C–O emerged [24]. 

 

3.2. Identification of Fungal Pathogens 

The morphological features of the fungal pathogen are as follows (Figure 3): After a gradual growth period, the 

colonies on Czapek's agar reached a diameter of 3 to 4 cm. The mycelium is amphigenous, generally scattered, and 

nearly permanent on the fruits. It features lobed or multilobed, single or paired appressoria, elliptic, solitary conidia 

devoid of fibrosin bodies. The conidiophore's foot cell experienced one or two twists. Four to six spores are observed 

in cleistothecia, which contain four to eight asci. The apex is not expanded, circinate loosely or tightly, and is rigid, 

brown throughout at least the basal part. Appendages, numbering 10-30, are equatorial, measuring 1-6 times the 

diameter. We verified that the fungal infection was caused by Erysiphe necator through both microscopic and 

macroscopic studies. 
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Figure 3. Micro-photographic images of powdery mildew Erysiphe necator: (a) Prolonged mycelia of fungi, (b) Fungal cleistothecia. 

 

3.3. Antifungal Activity and Minimum Inhibitory Concentration (MIC) of ZnO NPs 

It is well known that ZnO nanoparticles (NPs) are potential antimicrobial agents [25, 26]. The antifungal 

activity of ZnO NPs against plant pathogenic fungi, specifically Erysiphe necator, is reported here for the first time in 

this study. The inhibitory activity against the plant pathogen was observed at all tested concentrations, starting from 

the lowest one (50 µg/mL) of ZnO NPs. The minimum inhibitory concentration (MIC) of the tested ZnO NPs was 

found to be 150 µg/mL, with the lowest MIC observed for Erysiphe necator. 

 

4. DISCUSSION  

The distinctive surface plasmon resonance (SPR) of ZnO nanoparticles (NPs) contributes to their fluffy 

appearance and white to yellowish tint. The SPR absorbance of ZnO NPs was observed at 300-325 nm, representing 

the most significant absorption band identified through UV-visible spectroscopy. The absorption peaks of ZnO NPs, 

which range from 358 to 375 nm, are consistent with findings reported by other researchers [27, 28]. The 

nanoparticles were uniformly sized and spherical in shape. They appear to be evenly spaced and tend to form clusters. 

Various shapes of ZnO NPs, including spherical, pyramidal, rectangular, pentagonal, hexagonal, and irregular forms, 

have been documented in scientific literature [29, 30]. ZnO NPs were found to have a low zeta potential while 

remaining stable for approximately five months when stored at 4°C. This stability is primarily due to steric repulsion 

between the layers of biomolecules, as van der Waals forces are too weak at those distances to cause the particles to 

aggregate [31]. 

The FTIR data clearly demonstrated that the formation and stability of ZnO nanoparticles (NPs) were facilitated 

by fungal biomolecules, specifically proteins. It is well established that interactions between nanoparticles and 

proteins occur through electrostatic attraction involving free amino groups or cysteine residues in proteins, as well 

as negatively charged carboxylate groups in enzyme proteins [24]. Many researchers have reported that ZnO NPs 

were covered by protein molecules generated by microorganisms, which is consistent with these findings [31].  

Because pathogenic fungi are resistant to traditional treatments, there is a greater need to find innovative and 

affordable biocontrol agents. Since ZnO NPs have been shown to have excellent antibacterial activity against a variety 

of bacteria, viruses, fungi, and protozoa, it is widely recognized that they have the potential to be an antimicrobial 

agent [32-34]. The ZnO nanoparticles (NPs) under examination have a minimum inhibitory concentration (MIC) 

ranging from 50 to 150 µg/mL. For ZnO NPs, four established potential antibacterial mechanisms are recognized: 

(1) ZnO NPs lose their permeability feature when they adhere to the microorganism's surface membrane; (2) they 

penetrate the cell wall and disrupt biomolecules, leading to intracellular damage; (3) they induce cellular toxicity by 
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producing reactive oxygen species (ROS), which trigger oxidative stress within the cell; and (4) they interfere with 

the cells' signal transduction pathways [35, 36].  
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