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The global fungal pathogen Alternaria alternata causes economically significant yield 

losses in various crop varieties through symptoms like leaf blight and seed rot. Because 

green synthesis of nanoparticles is safe, environmentally friendly, and cost-effective, it 

is preferred over other methods of synthesis. The purpose of this work was to evaluate 

the potential role of zinc oxide nanoparticles, or ZnO-NPs, and Lactobacillus plantarum 

crude extract in improving plant tolerance against A. alternata attack. ZnO nanoparticles 

were biosynthesized with water extract from dandelion roots and leaves. Atomic force 

microscopy (AFM) for ZnO nanoparticles were 87.62 nm in size, and scanning electron 

microscopy showed that they were spherical. FTIR spectroscopy for ZnO nanoparticles 

revealed functional groups which demonstrated formation of the ZnO structure and its 

purity, and UV-visible absorption spectrum showed a distinct peak at 355 nm. With a 

76% inhibition rate, ZnO nanoparticles exhibited the highest antifungal activity against 

Alternaria alternata at a concentration of 200 mg/ml. Lactobacillus plantarum crude 

extract inhibited Alternaria alternata at 72%, but when ZnO nanoparticles and 

Lactobacillus plantarum crude extract were combined, the activity against Alternaria 

alternata increased to 93%. These findings support the use of that combination to combat 

a variety of plant-infecting pathogenic fungi. 
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1. INTRODUCTION

Alternaria is a widespread genus of microfungi that are 

found in soil as normal parts of the microflora. In the field and 

during the postharvest phase, they can infect a broad range of 

crops, leading to significant losses from fruit and vegetable 

rotting [1]. They are also responsible for the spoilage of these 

goods during refrigerated storage and transportation since they 

can proliferate even at low temperatures [2]. 

There are already around 70 secondary metabolites of 

Alternaria that are harmful to plants, but only a tiny percentage 

of these phytotoxins have been chemically identified and 

shown to act as mycotoxins in both humans and animals [3]. 

The most significant species of Alternaria fungus that 

produces mycotoxin is Alternaria alternata, which primarily 

infects fruits and vegetables [3, 4]. 

The existence of an endophyte alone or a specific strain of 

A. alternata posing concern to food safety must be determined

by plant pathologists [5] due to the fact that the pathogen is

present on numerous significant crop plants and coexists with

many plants as an endophyte in asymptomatic symbiosis [4].

Due to the prevalence of endophytic A. alternata [2],

conservationists also need to understand if changes in abiotic

environment could lead to asymptomatic A. alternata

infections developing into parasitism, further stressing

delicate plant populations [4, 5].

There are many pharmacologically active compounds in 

dandelion. Flavonoids, luteolin, apigenin, and chlorogenic 

acid are all present in dandelion extract [6]. Vitamins A, C, K, 

and B complex, minerals, calcium, potassium, magnesium, 

iron, and zinc, and micronutrients are all found in dandelion 

roots and leaves [7].  

There are three types of nanotechnology that are currently 

causing a lot of excitement: physical, chemical, and biogenic 

[8]. Environmental contamination, high temperatures, high 

pressures, and costly equipment are all associated with the 

chemical and physical processes [9]. Rather, green 

nanoparticle production is increasingly being done via 

biological methods [8]. They are environmentally friendly, 

economical, and typically have one-step protocols, which are 

just a few of their many benefits over other methods. Plant 

diseases are becoming more common and pose serious risks to 

social and economic stability worldwide. These plant 

pathogens include bacteria, fungus, viruses, nematodes, and 

parasitic plants [8, 9].  

ZnO nanoparticles (ZnNP) are believed to be safe, non-

toxic, and biocompatible. As a result, they have attracted 

special attention. ZnO nanoparticles also have UV filtering 

properties, optical, catalytic, electrical, and antibacterial 

properties [10]. Due to its involvement in numerous enzymatic 

and physiological processes, for plants to grow and flourish, 

metallic zinc is an essential mineral [11]. In metabolism of 

macromolecules, zinc functions as an enzyme component, a 

catalyst, or structural cofactor. Along with biosynthesis of 
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chlorophyll and the production of energy, it also plays a role 

in the synthesis of proteins, carbohydrates, and nucleic acids 

[11]. 

Zinc increases the pace at which seeds germinate, 

encourages the quick growth of radicles, impacts the ability to 

transport and absorb water and protects against harmful effects 

of drought, high temperatures, and salt stress. Additionally, the 

production of plant hormones like auxins and gibberellins 

depends on zinc [12, 13]. Few researches have been done to 

examine the cytogenic effects in plants as well as the dual 

impacts of biosynthesized ZnO nanoparticles on various plant 

diseases. ZnO nanoparticles are among the most often created 

nanoparticles worldwide; however, they are not as common as 

silver NP, carbon nanotube, titanium dioxide NP, and gold 

nanoparticles [14].  

In order to combat Alternaria alternata, an endophyte 

disease of numerous plants, this study aims to explore the 

inhibitory effect of Alternaria alternata through green 

synthesis of ZnO nanoparticles and combined with 

Lactobacillus plantarum extract, with a view to providing 

information for the control of plant pathogenic fungi. 

2. MATERIALS AND METHODS

2.1 Preparation of plant extract 

In a homogenized blender, blend 200 milliliters of 

deionized water with 20 grams of fresh dandelion plant 

material (leaves and roots) for three minutesat 60℃. The 

extract was filtered via gauze and then filter paper after boiling 

for ten minutes. They removed the residue. Furthermore, the 

filtrate was used right away for the biosynthesis of 

nanoparticles.  

2.2 Biosynthesis of ZnO nanoparticles 

A flask containing 100 milliliters of produced plant extract 

and 2.5 milligrams per milliliter of zinc chloride reagent 

(ZnCl2) (a granulated zinc dissolved in a minimum amount of 

2 M HCl, then the purified water was added) was placed on a 

magnetic stirrer hot plate set at 50 degrees Celsius and 500 

revolutions per second for five hours. After letting the 

solutions cool to ambient temperature, the final product was 

filtered, deionized water was added to the nanoparticles, and 

centrifugation was performed many times for ten minutes at 

3000 rpm. Following each centrifugation, after being washed 

with deionized water, the pellet was put in a hot air oven set at 

40 degrees for eight hours, or until it was fully dry [15]. The 

dry weight of the powdered ZnO nanoparticles produced via 

biosynthesis was estimated. 

2.3 Characterization of ZnO nanoparticles 

2.3.1 AFM 

The ZnO nanoparticles' size, surface, topography, and 

granularity volume distribution were all examined using 

atomic force spectroscopy. A thin layer of the sample was 

created by dropping 100 microliters of it onto a glass slide. Let 

it dry for five minutes. A scan of the slide was made [16]. 

2.3.2 SEM 

ZnO nanoparticles were examined using a scanning electron 

microscope (SEM). Standard protocol was followed in the 

preparation of the SEM sample. 

2.3.3 FTIR spectroscopy 

ZnO nanoparticles' different functional groups were 

determined using the FTIR spectrum (4000-400 cm-1) was 

used to identify the functional groups, using the KBr 

technique.The peaks were compared with the standard ZnO 

nanoparticle. 

2.3.4 UV-visible spectroscopy 

ZnO nanoparticles' UV-vis absorption spectra were 

captured using a spectrophotometer and they have a resolution 

of 1 nm in the 200-800 nm range. 

2.4 Preparation of Lactobacillus plantarum extracts 

In addition to microscopic and biochemical analyses, the 

Lactobacillus plantarum isolate was obtained from a milk 

buffalo sample using Lactobacillus MRS-agar and was 

diagnosed based on the morphological characteristics of the 

colonies, such as their size, shape, color, texture, opacity, and 

margin [17]. The supernatant was obtained as crude extract 

after an overnight bacterial culture, containing up to 1.5 × 108 

CFU/ml, was centrifuged for 1 minute at 14000 × g. 

2.5 Replication of Alternaria alternata fungus 

A 1.5 cm diameter mycelium disc is inoculated in the 

middle of each Petri dish; Alternaria alternata isolate was 

duplicated and cultivated in potato dextrose agar. It was then 

cultured for seven days at 25℃ [15]. 

2.6 Evaluation of the ZnONP efficiency in the growth 

inhibition of Alternaria alternata 

ZnO nanoparticles' antifungal properties against Alternaria 

alternata growth was assessed by adding varying 

concentrations of ZnONP (200, 20, 2, 0.2) mg/ml to the potato 

dextrose agar culture medium. Once the ZnO nanoparticles 

had been ultrasonically treated to guarantee their dispersion in 

medium, they were put into Petri dishes and left to harden. 

Four millimeters of fungal plugs were used to inoculate the 

middle of Petri dishes and incubated at 25℃ for 7 days. Using 

the following formula [18], the radials, colony growth, and 

percentage of mycelia growth inhibition were computed. 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑀𝑦𝑐𝑒𝑙𝑖𝑎𝑙 𝐺𝑟𝑜𝑤𝑡ℎ (%) =  
(𝐶 − 𝑇)

𝐶
×  100 

where, C is diameter of colony in control plates and T is colony 

diameter in treated plate. 

2.7 Evaluation of Lactobacillus plantarum crude extracts 

efficiency in the growth inhibition of Alternaria alternata 

By adding various concentrations of Lactobacillus 

plantarum crude extract with 5%, 10%, and 15% to the culture 

medium potato dextrose agar, the antifungal activity of the 

extract against the growth of Alternaria alternata was assessed. 

The experiment was then repeated as previously described, 

and the percentage of fungal inhibition was noted.
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2.8 Evaluation of the combination of ZnO nanoparticles 

and Lactobacillus plantarum crude extract efficiency in the 

growth inhibition of Alternaria alternate 

After mixing culture media with 200 mg/ml of ZnO 

nanoparticles and 15% crude extract of Lactobacillus 

plantarum, the same procedure was carried out to ascertain the 

effectiveness of the growth inhibition of Alternaria alternata. 

2.9 Statistical analysis 

Three duplicates of the experiment were conducted. The 

mean ± standard deviation (SD) is used to record the results.  

3. RESULTS AND DISCUSSION

3.1 Biosynthesis of ZnO nanoparticles from plant extract 

The ZnO nanoparticles were biosynthesised using the crude 

extract from dandelion (Taraxcum officinale) by reducing the 

ZnCl2 reagent with the extract. ZnO nanoparticle production 

and transformation were revealed by formation of white 

precipitate at the bottom of the universal tube. ZnO 

nanoparticles are made via biosynthesis using dandelion plant 

extracts, which is a straightforward, inexpensive, and an eco-

friendly capping and lowering agent. 323 mg of ZnO 

nanoparticles were generated per 100 milliliters. 

The hazardous and/or detrimental consequences often 

associated with wet chemical procedures are effectively 

eliminated by the green synthesis method [19]. ZnO 

nanoparticles, or biosynthesized zinc oxide nanoparticles, 

have grown in significance due to its numerous uses and 

environmental friendliness where by a one-pot process can 

produce ZnO nanoparticles without the need for an additional 

stabilizing and reducing agent [20]. Utilizing a variety of plant 

extracts, recent studies have examined the ecologically benign 

synthesis of zinc oxide nanoparticles (ZnO NPs). Royal jelly, 

Cassia fistula, Melia azadarach, and Limoniumbruinosum L. 

chaz are some of these extracts. Depending on the particular 

plant extract utilized, the produced zinc oxide nanoparticles 

(ZnO NPs) size and shape can vary [21]. 

3.2 Characterization of ZnO nanoparticles 

3.2.1 AFM 

Atomic force microscopy analysis of the generated ZnO 

nanoparticles revealed that their average size was 87.62 nm. 

According to Figure 1, the average particle size and roughness 

rose as the density of ZnO nanoparticles increased. 

3.2.2 SEM 

The spherical shape of the biosynthesized ZnO 

nanoparticles must be seen in the scanning electron 

microscope picture, as shown in Figure 2. The creation of 

smaller aggregations was shown in this image, and the 

structure confirms that the material is densely packed together, 

demonstrating good film adhesiveness.

Figure 1. Atomic force microscopy pattern for biosynthesized ZnO nanoparticles by dandelion extract 
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Figure 2. Scanning electron microscope image for biosynthesized ZnO nanoparticles by dandelion extract 

3.2.3 FTIR spectroscopy 

The spectroscopy method known as FTIR is based on how 

atoms in molecules vibrate. The primary Ir characteristics of 

pure ZnO biosynthesized by dandelion (Taraxcum officinale) 

extract were displayed in Figure 3. One feature of the hydroxyl 

functional group in the spectra is the strong, broad peak at 

3444.27 cm−1. The carbonyl and ethylene groups are 

represented by the peaks at 1640.12 and 1588.14 cm−1, 

respectively. It is the protein amine bands that caused the peak 

at 1523 cm-1 in the sample. The detected band at 1020 cm−1 

was caused by C-N stretching vibrations. These peaks, that 

show development and purity of ZnO structure, are caused by 

ZnO stretching mode. 

Figure 3. FTIR spectroscopy analysis for biosynthesized 

ZnO nanoparticles by dandelion extract 

Despite using organic substances to synthesize the ZnO 

nanoparticles, It is evident that the bending band at 1626 cm-1 

contains water molecules, while band at 3482 cm-1 has 

hydroxyl groups, as well as that there are no bands that may 

be linked to the solid's organic phase [22].  

Figure 4. UV-visible absorption analysis for biosynthesized 

ZnO nanoparticles by dandelion extract 

3.2.4 UV-visible spectroscopy 

The generated nanoparticles' UV-visible absorption spectra 

validated the earlier ocular observation. They confirmed their 

synthesis with a distinct peak at 355 nm (Figure 4), which is a 

feature of ZnO nanoparticles [4]. 

3.3 Evaluation of the ZnO nanoparticles efficiency in the 

growth inhibition of Alternaria alternata 

The findings showed that the Alternaria alternata fungus 

was inhibited in its growth as the concentration of ZnO 

nanoparticles increased, with the highest inhibition of 76% 

occurring at 200 mg/ml of ZnO nanoparticles (Figure 5(b) and 

Table 1). 

Table 1. Effect of ZnO nanoparticles on mycelial growth of 

Alternaria alternataat different concentrations 

Concentration of 

ZnO Nanoparticles 

(mg/ml) 

Diameter of A. 

Alternata Disc. 

(mm) 

Percentage of 

Mycelia 

Inhibition (%) 

200 16 76 

20 22 62 

2 37 52 

0.2 44 37 

Figure 5. Antifungal activity of (a) Control, (b) ZnO 

nanoparticles alone, (c) Lactobacillus plantarum crude 

extract alone, (d) Combination of ZnO nanoparticles and 

Lactobacillus plantarum crude extract against Alternaria 

alternata 

For bacteria to be affected, ZnO nanoparticles nanofluid 

concentration may need to be lower. But, since the 

nanoparticles' modes of action on bacteria were more varied 

and numerous than those on fungi, it's also plausible that fungi 

require higher amounts to be suppressed [20].  

3.4 Evaluation of Lactobacillus plantarum crude extracts 

efficiency in the growth inhibition of Alternaria alternata 

The findings showed that employing varying concentrations 

of Lactobacillus plantarum cell-free supernatant (5%, 10%, 
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and 15%) inhibited the growth of Alternaria alternata fungus 

progressed with increasing crude extract concentrations, 

reaching a maximum inhibition of 72% at concentrations of 

15% in Figure 5(c) and Table 2. 

Table 2. Inhibition of mycelial growth of Alternaria 

alternata by Lactobacillus plantarum crude extract at 

different concentrations 

Concentration of 

Lactobacillus Plantarum 

Crude Extract (%) 

Diameter of A. 

Alternata Disc 

(mm) 

Percentage of 

Mycelia 

Inhibition (%) 

15 18 72 

10 27 62 

5 35 47 

2.5 49 32 

Numerous bacteriocins, lipopeptides, organic acids, 

diacetyl, proteases, lipases, hydrogen peroxide, amylases, 

ethanol, and other antibacterial compounds have been found 

to be abundant in Lactobacillus species. These substances are 

produced during the lactate fermentation of Lactobacillus 

species [23]. Lactic acid, the main byproduct of LAB, is made 

from glucose and substances that impede development such 

bacteriocins, hydrogen peroxide and diacyls that stop food 

spoilage bacteria and pathogens from growing [24]. Lactic 

acid generation, the primary end metabolic product of 

carbohydrate fermentation, is what distinguishes them [25]. 

3.5 Evaluation of the combination of ZnO nanoparticles 

and Lactobacillus plantarum crude extract efficiency in the 

growth inhibition of Alternaria alternata 

The findings demonstrated that the diameter of Alternaria 

alternata fungus growth was reduced when cell free 

supernatant of Lactobacillus plantarum and ZnO 

nanoparticles were present together, as opposed to when ZnO 

nanoparticles and Lactobacillus plantarum cell free 

supernatant were present separately, as illustrated in Figure 

5(d). The fungus growth diameter reached 9 mm, while the 

inhibition percentage was 93%. 

Because ZnO nanoparticles make it easier for antibiotics to 

enter cells, boost their antibacterial effectiveness, and allow 

access to their target inside cells, they can have a synergistic 

or additive impact. The synergy between ZnO nanoparticles 

and the filtrate of Lactobacillus plantarum has been attributed 

to ZnO nanoparticles destabilizing the cell membrane, 

encouraging the cell to internalize the compounds in the 

filtrate while also increasing the microbicidal activity [15]. 

The cytoplasmic contents were liquefied by ZnO 

nanoparticles, which reduced the electron density of the 

cytoplasm and led the fungal cell wall to noticeably separate. 

When examining the mechanism of ZnO nanoparticles action 

on harmful, disease-causing fungus, these results should be 

further investigated because they might turn out to be typical 

[26]. 

The electrostatic interaction between metal ions and the 

microbial cell membrane may account for the prepared 

nanoparticles' mode of action. Subsequent steps increase the 

inhibitory activity of the nanoparticles by damaging the 

intracellular organelles and cell membrane [27, 28]. By 

interacting with the electron transport chain, breaking 

phosphate and hydrogen bonds in DNA, denaturing proteins 

by changing their tertiary structure, and causing mitochondrial 

death through oxidative stress, nanoparticle penetration into 

microbial cells promotes microbial inhibition [29]. Cell 

damage is caused by reactive oxygen species that are created 

as a result of interactions between inorganic metal and metal 

oxide nanoparticles [29, 30]. The treatment of fungal plant 

diseases is one of the many uses for environmentally produced 

inorganic metal and metal oxide nanoparticles in agriculture. 

4. CONCLUSIONS

Over the past few decades, the research community has 

been eager to build green, economical, and environmentally 

acceptable nanoparticles. This is because green sources serve 

as both stabilizing and reducing agents, which helps create 

shape- and size-controlled nanoparticles that may be used to a 

variety of processes. In this study, we used dandelion 

(Taraxcumofficinale) to manufacture ZnO NPs. Utilizing 

AFM, FTIR, SEM, and UV-visible spectroscopy, the 

nanoparticles were described. The results of the investigation 

showed that the plant extract contained biomolecules that 

might have been essential to the development of zinc oxide 

nanoparticles. Higher inhibition against Alternaria alternata 

was shown by ZnO nanoparticles and Lactobacillus plantarum 

crude extract than by ZnO-NPs and Lactobacillus plantarum 

crude extract alone. In the field of agriculture, this 

combination may be utilized as a promising antifungal agent. 
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