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Introduction 
Use of substances with antimicrobial properties is known to 

have been common practice for at least 2000 years. Ancient 

Egyptians and ancient Greeks used specific molds and plant 

extracts to treat infection. More recently, microbiologists such 

as Louis Pasteur and Jules Francois Joubert observed 

antagonism for some bacteria and discussed the merits of 

controlling these interactions in medicine. In 1928, Alexander 

Fleming became the first to discover a natural powerful 

antimicrobial fungus known as Penicillium Rubens. The 

substance extracted from the fungus he named Penicillin and 

in 1942 it was successfully used to treat a Streptococcus 

infection (Zoetendal et al., 2016; Dokubo and Uba 2023; 

Ezenwata et al. 2022a; 2022b). But nowadays, all over the 

world treatment of using antimicrobial agents is currently 
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facing its own limitation, due to the development of resistance 

by the microbes over the period of time. Bacteria are involved 

in many aspects of ecology and health. It seems likely that all 

species both benefit and suffer from interactions with bacteria. 

For example, we use bacteria for making yoghurt, curd, cheese 

and other fermented foods and also large number of bacteria 

lives on the skin and in the digestive tract. The human gut 

contains more than 1000 bacterial species which are beneficial 

(cooper and Robert, 2013; Umeh et al., 2020; 2021; Ele et al. 

2025). 

 

Food spoilage is a metabolic process that causes foods and 

food materials to be undesirable or unacceptable for human 

consumption due to changes in sensory characteristics. 

Microbiological damages which lead to safety and quality 
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losses are very important due to two reasons: first, they 

constitute a hazard for consumers by the possible presence of 

microbial toxins or pathogenic microorganisms in the product, 

and second, by economic losses as a result of microbial 

spoilage. Environmentally friendly plant extracts agents have 

shown to be great potential as an alternative to synthetic 

fungicides. This is because, the plant extracts are cheap, 

locally available, non-toxic and easily biodegradable. The use 

of plant extracts to treat infection is practiced in the most part 

of the world, especially in developing countries, where there is 

a dependence on traditional medicine for a variety of diseases. 

Some plants contain components that are toxic to pathogens 

and when extracted from the plant and applied on infested 

crops, are called botanical pesticides or botanicals (Igbodika et 

al., 2014; Ubani et al. 2024a; 2024b; 2025).  

The use of natural antimicrobials helps in the reduction of pest 

and pathogen injury, with the use of resistant varieties or 

integrated cropping strategies in which plant secondary 

metabolites may improve crop protection. The use of natural 

antimicrobials as phytochemicals, organic acids, essential oils, 

or plant extracts could be a good alternative to ensure food 

safety (Mostafa et al., 2018; Uba 2018; 2019a; 2019b; Egurefa 

et al., 2020a; 2020b). The antimicrobial activities exhibited by 

plant extracts against food poisoning bacteria and fungi have 

been demonstrated by several researchers (Negi et al., 2012; 

Uba et al., 2016, Oso et al., 2018; Mostafa et al. 2018; Alisa 

et al., 2020; Uba et al. 2020a; 2020b Umennadi et al. 2026a; 

2026b). 

 

Soursop, also known as Annona muricata has gained 

tremendous fame owing to its rich nutritional profile (Menezes 

et al. 2019; Uba and Okonkwo, 2025; Okonkwo et al. 2026; 

Uba et al. 2026). The term Annona means annual harvest in 

Latin. It belongs to the Annonaceae family. This plant thrives 

in hot environments throughout the USA, Europe, India, and 

Africa. The soursop fruit is bright green, spiny, spherical, 

sweet, sour, creamy and delicious (Gyesi et al., 2019; Anukam 

et al., 2020a; Anukam et al., 2020b; Uba and Umennadi, 

2026). There are around 119 different species of this fruit 

found around the globe. Currently, seven species and one 

crossbreed of this fruit are globally cultivated for domestic 

purpose (Sanchez et al., 2018; Ekwenze et al., 2025; Mere et 

al., 2025; Ubajekwe et al., 2025).  

 

The fruit is gaining interest owing to bioactive compounds 

possessing nutraceutical properties. The soursop pulp is a 

wonderful source of fiber and contains several intriguing 

compounds that may have health advantages if consumed in 

moderation. The polyphenol found in the soursop, for 

example, are natural chemicals with antioxidant activity that 

defend cells against free radical damage (Gonzalez et al., 

2017; Uba et al., 2018a; 2018b; 2019a; 2019b; Uba and Anidu, 

2023; Uba and Obiefuna 2023). More than 200 different 

bioactive compounds have been found in this plant, the 

majority of which are alkaloids, phenols, and acetogenins 

(Gyesi et al., 2019; Uba et al., 2020c; 2020d; 2020e). The 

phytochemicals have been used in herbal therapy for a long 

time. They can be used to treat medical conditions, such as 

bacterial or parasite infections, fever, hyperglycemia, 

hypertension, inflammation, anxiety and cancer. Soursop 

extract has demonstrated antibacterial, anti-protozoan, anti-

inflammatory, antioxidant, and antitumor properties in 

different scientific intervention (Gyesi et al., 2019; Uba et al., 

2020f; 2018g; 2019h). Due to the medicinal features of this 

various fruits in the control/elimination of some diseases 

causing agents, it makes it possible to explore on this fruits to 

detect more of its inhibitory nature using silver trioxonitrate 

(IV) to form silver nanoparticles. The aim of this study is to 

evaluate the antifungal activities of hydro - ethanolic extract of 

soursop leaves against plant fungal pathogens. 

 

Materials and Methods 
Sample collection 

The fresh leaves of soursop as well as randomly selected 

fungal infected and blemished mango and tomato fruit and 

vegetable were purchased from Ogwashi Ukwu Delta State by 

adopting the method of Akintobi et al. (2011) and Mere et al. 

(2025).  

 

Isolation of test fungi from spoilt mango and tomato fruit 

Fruits were surface sterilized by exposing them in 1 min 90 % 

ethanol and then 3 min to 1% sodium hypochlorite and then 

rinsed three times in sterile distilled water. Segments (3 - 5cm) 

of tissues from the margins of the rotted areas were cut out 

with a sterile scalpel and serial dilutions were carried out with 

the spoilt parts dissolved in the water inside the test tube. The 

middle tube (10-2) of three tubes containing bad mangoes and 

bad (spoilt) tomatoes respectively was taken and 1 mL was 

dropped onto previously prepared Potato Dextrose Agar (three 

Petri-dishes respectively) and incubated at 28 ± 1oC for 5 days 

under 12 h photoperiod. After 3 - 5 days, emerging colonies 

were observed and was noted (Uba et al., 2016; Oso et al., 

2018; Uba et al., 2018c). 

 

Characterization and identification of the phytopathogens 

The fungal isolates were characterized using their colonial 

morphology on the plates. Parameters such as colour of the 

colonies, nature of the hyphae, appearance of the colonies, and 

the growth rates were considered for proper characterization 

of the isolates. Microscopic examination of the isolates was 

also carried out. Reproductive and vegetative structures were 

observed. Nature of spores, nature of sporangia, branching of 

the hyphae, and presence of septa were all considered during 

microscopy. Microscopic examination of the fungi was done 

following the procedures of Obunkwu et al. (2018). 

Appropriate text books and fungal colour atlas were also 

consulted for the identification of the fungal isolates (Barnett 

and Hunter, 1972; Willey et al., 2008; Oyeyiola et al., 2013). 

 

Preparation of the plant extract  
Fresh leaves of soursop were thoroughly washed with distilled 

water (sterile and air-dried at 28 °C for 2 hours). The washed 

leaves were cut into small pieces using a sharp sterilized knife. 

They were grounded into powder using pestle and mortar. 

Exactly 10 g of each of the pulverized soursop leaves were 

introduced into 100 mL of cold distilled water and 100 mL of 

ethanol for 48 hours at room temperature to allow for 

maximum extraction of the components. This was followed by 

evaporation of the filtrate to eliminate the solvent. The residue 
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was used as crude extract for each of the test plants (Wabale 

and Kharde, 2010). 

 

Inocula preparation  

Each fungal strain was sub-cultured overnight at 35 °C in 

Potato Dextrose Agar (PDA) slants. The fungal growth was 

harvested using 5 mL of sterile saline water; its absorbance 

was adjusted at 600 nm and diluted to attain viable cell count 

of 1.5 X 108 CFU/mL using spectrophotometer (Mostafa et al., 

2018). 

 

Antifungal sensitivity testing 

The disc diffusion method, according to the Clinical and 

Laboratory Standards Institute (CLSI M60-Ed1) performance 

standards was used for the antifungal susceptibility test (CLSI, 

2008). The viable cell counts of 1.5 × 108 CFU/mL for the 

selected phytopathogens were inoculated onto the surface of 

Potato Dextrose Agar (PDA) using sterile swab sticks. The 

antifungal agents tested were 1 mg/mL of fluconazole, 

griseofulvin, miconazole, itraconazole, ketoconazole and 

nystatin antifungal agents as constituted. These were 

aseptically placed on the surface of the inoculated agar plates 

against the respective test organisms. After 30 mins of 

applying the discs, the agar plates were inverted and incubated 

for 72 hrs at room temperature (Uba et al., 2018; Okoye et al., 

2024a; Okoye et al., 2024b). The clear zones that developed 

around each disc were measured as the zones of inhibition on 

the basis of CLSI guidelines. 

 

Antifungal assay against fungal phytopathogens 

The food poisoning technique was adopted in this study 

according to the description by Uba et al. (2016). Different 

concentrations of the extracts were prepared (5 % means 1 mL 

of extract + 19 mL PDA; 10 % means 2 mL of extract + 18 mL 

of PDA and 15 % means 3 mL of extract + 17 mL of PDA). 

The control contained 20 mL of PDA without addition of 

extracts, but contained the fungal pathogen. The agar extract 

mixture was allowed to solidify and then inoculated centrally 

with a 6 mm diameter mycelia disc obtained from the colony 

of 14 days old cultures of each of the test mycopathogens using 

a sterile cork - borer. The PDA plates inoculated with the test 

fungi but without the extract served as the control. All the 

plates were incubated at 27 °C after which the zones of 

inhibition were measured and percentage growth inhibition 

was determined using the formula below:  

 
                                                        

Where C= Growth of pathogen in control after incubation  

T = Growth of pathogen in treatment after incubation 

 

Data analysis 

The data was presented in tables and charts, and the means 

statistically analyzed using GraphPad Prism version 9.0 by 

adopting Analysis of Variance (ANOVA). Values less 0.05 are 

considered significant (Uba et al. 2024; 2025; Chude et al., 

2021). 

 

Results and Discussion 
The results of the morphological features of 

mycophytopathogens are presented in Table 1, while the 

results of the antifungal sensitivity patterns (mm) against test 

fungal phytopathogens are presented in Table 2. Additionally, 

growth inhibitions of Fusarium solani TOM1, Aspergillus 

niger TOM2 and Rhizopus stolonifera MAN1 by hydro-

ethanolic extracts of soursop leaves are presented in Tables 3, 

4 and 5, respectively.

 

Table 1: Morphological features of mycophytopathogens 
Isolate 

code 

 Culture morphology  Microscopic description  Tentative organism 

TOM1 Greyish - white thin hyphae and mycelia 

characterized with sluggish developing and 

evolving colonial growth 

Branched conidiophores formed with 

abundant elongated and ovoid micro - 

conidia 

Fusarium solani TOM1 

TOM2 White colonies gradually turned into brown 

and black hyphae and mycelia 

Bright yellowish - brown vesicles 

containing fastly developing phialides 

alongside the entire edges of the 

conidiophore. 

Aspergillus niger TOM2 

MAN1 Light grey fast emerging colonies 

characterized with confluent mycelia. 

Light brown, non – septate flat walled 

clusters of sporangiophore 

characterized with white to black no - 

motile aplanospores contained in a 

globose or sub-globose sporangia 

Rhizopus stolonifera 

MAN1 

 

Table 2: Antifungal sensitivity patterns (mm) against of the test fungal phytopathogens 
Antifungal agent Fusarium solani TOM1 Aspergillus niger TOM2 Rhizopus stolonifera 

MAN1 

Fluconazole 4.00±0.10 2.50±0.10 1.00±0.00 

Griseofulvin  13.10±0.70 11.00±0.50 9.00±0.20 

Itraconazole 13.00±0.40 13.00±0.20 7.00±0.10 

Miconaole 23.00±0.45 19.00±0.35 16.00±0.15 

Ketoconazole 25.50±0.45 20.50±0.60 18.50±0.35 

Nystatin 18.00±0.30 17.00±0.30 15.50±0.40 

Key: - = No zone of inhibition  
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Table 3: Growth inhibition of Fusarium solani TOM1 by hydro - ethanolic extract of soursop leaf  

 5% Conc.  

Average  

Colony  

Diameter (mm) 

Growth 

inhibition % 
10% Conc.  
 

Average Colony 

Diameter (mm) 

Growth 

inhibition % 
15% Conc.  

 

Average Colony 

Diameter (mm) 

Growth 

inhibition 

% 

 

 

 

Control 

11.33 

12.00 

8.00 

21.00 

46 

56 

14 

 

10.67 

6.67 

6.00 

27.67 

49 

75 

35 

8.00 

6.33 

4.33 

9.33 

61 

77 

53 

 

Table 4: Growth inhibition of Aspergillus niger TOM2 by hydro - ethanolic extract of soursop leaf   

 5 % Conc.  

Average  

Colony  

Diameter (mm) 

Growth 

Inhibition % 
10 % Conc. 
Average Colony 

Diameter (mm) 

Growth 

Inhibition % 
15 % Conc. 

Average Colony 

Diameter (mm) 

Growth 

Inhibition 

% 

 

 

 

Control 

18.00 

11.67 

19.67 

21.67 

17 

16 

29 

17.67 

8.00 

8.00 

14.00 

18 

42 

71 

 

10.00 

8.00 

7.00 

28.00 

53 

42 

75 

 

Table 5: Growth inhibition of Rhizopus stolonifera MAN1 by hydro-ethanolic extract of soursop leaf   

 5 % Conc.  

Average  

Colony  

Diameter (mm) 

Growth 

Inhibition % 
10 % Conc.  
 

Average Colony 

Diameter (mm) 

Growth 

Inhibition % 
15 % Conc.  
 

Average Colony 

Diameter (mm) 

Growth 

Inhibition 

% 

 

 

 

Control 

8.33 

19.67 

9.00 

12.33 

32 

2 

56 

8.00 

17.00 

8.33 

20.00 

35 

15 

60 

7.00 

4.33 

3.67 

20.67 

43 

78 

82 

 

Discussion 
The Table 1 presents the morphological features of 

mycophytopathogens, including culture morphology and 

microscopic descriptions. The isolates exhibited distinct 

morphological features, including differences in culture 

colour, hyphal structure, and conidiophore morphology. Based 

on morphological characteristics, the isolates were tentatively 

identified as Fusarium solani TOM1, Aspergillus niger TOM2 

and Rhizopus stolonifer MAN1. The results suggest that the 

morphological features observed can be used to identify and 

distinguish between different fungal species. These fungal 

strains have been implicated as potential fungal phytogens by 

several researchers (Okoye et al., 2016a; 2016b; Uba et al., 

2021; Anameze et al. 2023; Obiefoka et al., 2023; Ezeamama 

et al. 2025a; 2025b; Afulukwe et al. 2025). 

 

The Table 2 presents the antifungal sensitivity patterns of three 

test fungal phytopathogens (Fusarium solani TOM1, 

Aspergillus niger TOM2, and Rhizopus stolonifer MAN1) 

against six antifungal agents. The fungal phytopathogens 

exhibited varying sensitivity patterns to different antifungal 

agents. Ketoconazole and Miconazole showed the highest 

efficacy against all three fungal phytopathogens while 

fluconazole showed the lowest efficacy against all three fungal 

phytopathogens. The results suggest that the fungal 

phytopathogens exhibit different levels of resistance to various 

antifungal agents and corroborated with studies of Afulukwe 

et al. (2026); Okoye et al. (2020a); (2020b) and (2020c). 

 

The Table 3 presents the growth inhibition of Fusarium solani 

TOM1 by hydro-ethanolic extract of soursop leaf at different 

concentrations. The growth inhibition of Fusarium solani 

TOM1 increases with increasing concentrations of soursop 

leaf extract. At 15 % concentration, the growth inhibition is 

substantial, ranging from 53 to 77 %. The results suggest that 

the hydro-ethanolic extract of soursop leaf exhibits antifungal 

activity against Fusarium solani TOM1 and corroborated with 

studies of Okoye et al. (2013) and Okoye et al. (2014).  

 

The Table 4 presents the growth inhibition of Aspergillus niger 

TOM2 by hydro-ethanolic extract of soursop leaf at different 

concentrations. The growth inhibition of Aspergillus niger 

TOM2 increases with increasing concentrations of soursop 

leaf extract. At 15 % concentration, the growth inhibition is 

substantial, ranging from 42 % to 75 %. The results suggest 

that the ethanolic extract of soursop leaf exhibits antifungal 

activity against Aspergillus niger TOM2 and corroborated 

with studies of several researchers (Iheukwumere et al., 2012a; 

2012b; Mundi et al., 2013; 2014). 

 

The Table 5 presents the growth inhibition of Rhizopus 

stolonifer MAN1 by hydro-ethanolic extract of soursop leaf at 

different concentrations. The growth inhibition of Rhizopus 

stolonifera MAN1 increases with increasing concentrations of 

soursop leaf extract. At 15% concentration, the growth 

inhibition is substantial, ranging from 43 % to 82 %. The 

results suggest that the hydro-ethanolic extract of soursop leaf 

exhibits antifungal activity against Rhizopus stolonifer MAN1. 

The findings highlight the potential of soursop leaf extract as 
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a natural fungicide for controlling Rhizopus stolonifer 

infections. Similar trends of Uba et al. (2019c) reported that 

actinomycetes extracts of Actinomyces viscosus 2 had the 

strongest significant (P < 0.05) inhibition of 91.60 % on 

Penicillium digitatum O1 while Streptomyces yaneus MAB13 

had the weakest significant (P < 0.05) inhibition of 33.30 % on 

Fusarium solani T2 mycelial growths. 

 

Conclusion 
The presence of different fungal species highlights the 

diversity of mycophytopathogens that can infect plants. The 

selection of antifungal agents should be based on the specific 

fungal phytopathogen and its sensitivity pattern. The findings 

highlight the potential of soursop leaf extract as a natural 

fungicide for controlling Fusarium solani, Aspergillus niger 

and Rhizopus stolonifer infections. The study recommends that 

further research could confirm the identifies of the fungal 

isolates using molecular techniques such as DNA sequencing, 

and investigate the pathogenicity oof the isolates on specific 

plant hosts to understand their potential impact on plant health. 

In addition, optimizing the concentration of soursop leaf 

extracts for maximum growth inhibition and identifying the 

bioactive compounds responsible for the antifungal activity of 

soursop leaf extract are recommended. 
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