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[bookmark: _Toc214805664]ABSTRACT
The study was conducted to isolate and identify fungal pathogens responsible for the spoilage of some selected sliced fruits—pawpaw (Carica papaya), pineapple (Ananas comosus), and watermelon (Citrullus vulgaris)—sold in Kasuwar Daji Market, Sokoto, Nigeria. Fresh fruit samples showing signs of decay were collected and analyzed using Potato Dextrose Agar (PDA) as the culture medium. The fungal isolates were identified based on their macroscopic and microscopic characteristics. Results revealed three (3) different fungal species: Saccharomyces cerevisiae, Rhizopus oryzae, and Aspergillus fumigatus. Among these, Saccharomyces cerevisiae had the highest frequency of occurrence (50%), followed by Rhizopus oryzae (39.3%) and Aspergillus fumigatus (10.7%). The high rate of fungal contamination observed was attributed to poor handling, transportation, and storage conditions in the market. The study concludes that fungal spoilage significantly reduces the quality and shelf life of fruits and poses a risk to consumers. It is therefore recommended that proper hygiene, improved storage facilities, and the use of natural antifungal agents be encouraged to minimize post-harvest losses and ensure the safety of fruits for human consumption.
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[bookmark: _Toc214805667]CHAPTER ONE
[bookmark: _Toc132193160][bookmark: _Toc132811789][bookmark: _Toc186909872][bookmark: _Toc214805668]1.0			    BACKGROUND OF THE STUDY
[bookmark: _Toc214805669]1.1 Introduction
[bookmark: _Toc186909873]Contamination of fruits and other defects of fresh fruits are termed “market disease”. Losses due to market diseases amount to millions of naira in Nigeria, and molds are responsible. Although the surface of fresh fruits harbors large number of yeasts and molds, yeasts generally lack means to invade and infect plant tissue and therefore, secondary rather than primary agent of spoilage. Infection of fruits and subsequent rotting can occur in orchard and vineyard as well as during different marketing steps which include the harvest, grading, packaging, transport, storage and various manipulations in the wholesale and retail markets (Mukhtar M.F.‚Wusa N.R and Danladi U.I.‚ et al., 2019). Contamination of fruits during harvest as well as growth of fungi in lesions and other damaged areas is largely responsible for the large populations that are often observed. For example, commercially harvested concord grapes yield an average count of 68,000/g (mostly yeast) compare to the population of only 38,000/g in fruits that have been collected and transported under relatively specific condition3. Fruits play an important role in the diet of people by providing essential vitamins and minerals that aid in the smooth of body metabolic activities (Ishaya M. and Anzaku A.E.‚  et al., 2019). However, most fruits are seasonal, the product is easily attacked by microorganisms under common storage conditions; and hence the huge waste especially where storage facilities are poor or lacking. Lack of sound method of processing and poor harvesting techniques have resulted in the non availability of both fruits and associated products. Thus, deterioration of stored fruits is a major contributor to economic problems on an individual and to a larger extent, on a Natio (Sani et al.,2019). The recent scientific manipulation of factors necessary for delaying growing of microorganisms for preservation of fruits and fruit products has created a great impact in improving the standard of people. The goal of food microbiology is to develop ways of improving the quality of foods which basically means the control of chemical, physical and microbiological changes during storage and processing (Ogunoye O.O et al.,2023). Microbial spoilage of fruits and vegetables have been attributed to plant pathogens acting on roots, stems leaves, flower, fruits and other parts used as food and to saprophytic organisms which may be secondary invaders after the action of pant pathogens, or which may enter healthy fruits or vegetables or grow on its surface. Over 55% of the edible fruits sold in the fresh fruits market of Northern Nigeria are not cultivated in that region. They are continuously being imported from the Southern part of the Country where the climate and other environmental variables are conducive for their growth and cultivation. These fruits suffer from a lot of post – harvest handling damages. (Ishaya M. et al.,2019) reported that depending on the mode of transportation, the fruits are packed in baskets, cardboard, tins, boxes, wooden crafts and trays. In large area of production, motorized handling is usually needed. (Ogunoye et al., 2019)classified post-harvest losses based on the casual agent as mechanical, physiological, pathogenic and chemical. (Atolagbe B.et al., 2023 )observed that slight bruising creates favorable conditions for decay organisms to get established. Therefore, this study aims to isolate and identify the common fungal fruits sold in Kano metropolitan markets, to suggest some possible ways of reducing spoilage of fruits in Nigeria and also find out the most predominant fungal pathogen.
[bookmark: _Toc214805670]1.2 Statement of The Research Problem
Sliced fruits are suffering from several economically important diseases like fruit rot core, fusariosis, mealy bug wilt etc. Which are posing a serious threat to the successful large-scale cultivation. In light to all these, the current sought to isolate, identify and provide solutions on how to control this fungal pathogen that causes fruit rot disease of  some sliced fruits. There is, therefore, a need to study the fungi  that are responsible for these losses to strategize control measures to reduce the negative effect to farmers, dealers, and consumers of fruits (Buah J.D and Ebermu N. et al.‚2024).
[bookmark: _Toc214805671]1.3 Justification of The Study  
Pineapple, paw paw and water melon are not only been very popular around the world, but are among  the most important agricultural produce, not only because of  there economic importance, but also for there nutritional value, mainly due to the fact that they are an excellent source of beneficial compounds and antioxidant compounds. they have been used by majority of Nigerian households and industries (medicinal, beverages etc.) as part of their dietary and raw material respectively.. There is, therefore, a need to study the fungi that are responsible for these losses to strategize control measures to reduce the negative effect to farmers, dealers, and consumers of fruits. (Buah J.D and Ebermun N. et al.‚2024). The demand for these fruit are rapidly increasing and there is need for their great increase in production.
[bookmark: _Toc214805672]1.4 Aim
The aim of this study is to isolate and identify the fungal pathogens associated with the spoilage of these sliced fruit (paw paw, pineapple, and watermelon)
[bookmark: _Toc214805673]

1.5 Objectives
The research objectives were to:
1. Isolate and identify the fungi responsible for the spoilage of some sliced fruit (paw paw, pineapple, and watermelon)
2. Determine the prevalence of the fungal pathogen in relation to each fruit
[bookmark: _Toc214805674]
CHAPTER TWO
[bookmark: _Toc214805675]2.1				LITERATURE REVIEW
Fruits are naturally contaminated by a wide variety of microorganisms, including diseases like fungus. They provide the body with the proper amounts of vitamins, lipids, minerals, and oil needed for human growth and development. Nevertheless, despite the enormous advantages of fruits, a number of issues, including pests, fungal attacks, inadequate rainfall, and climate change, pose a threat to their survival. Fruits are very appealing to microbiological degradation because they have low pH values, high sugar and nutritional content, and both. These fruits are typically exposed to additional microbial infections in addition to those linked to the fruit surface and those from nearby sick fruits while being displayed for potential buyers in open markets on benches and in baskets until they are sold.
[bookmark: _Toc214805676]2.2 The Fungi associated With Fruit Spoilage
In dealing with fresh fruits and vegetables as food materials it is important to recognize that they are living tissues and fungal invasion of these tissues requires that the fungi overcome the many barriers that plants have evolved to keep them at bay. This often means that there is a degree of specificity between a particular commodity and the mould species which have overcome these barriers to produce overt spoilage. The low pH of most fruits, as low as 2.2 in the case of lemons, leads to the spoilage of this group of plant products being predominantly by fungi. Vegetables, in contrast and as well as fungi, bacteria play a significant role in their spoilage. Those genera and species of fungi associated with the spoilage of fruits and vegetables are extensively described by (Wu W.et al 2022) and Bento de carvalho T. et al, 2024).
[bookmark: _Toc214805677]2.2.1 Botrytis 
It is difficult to believe that anyone who enjoys fresh fruits, especially strawberries, has not met grey mould (Botrytis cinerea). The hyaline tip of the dark, almost metallic, conidiophores branches repeatedly and eventually each branch tip swells and they all synchronously produce a mass of colourless blastospores which are readily dispersed by wind and insects. This species of Botrytis can also produce sclerotia and, when two compatible mating types come together, a stalked apothecium of the ascomycete sexual stage Sclerotinia (Botryotinia) fuckeliana. This life cycle and the biology of this mould are clearly described by (Garuba T. and Atolagbe 2020) and (Yusuff R.A and Lawal B. Y et al.‚2023)
[bookmark: _Toc214805678]2.2.2 Penicillium 
The genus Penicillium is an important and extensively described genus (see Pitt 1979) with both beneficial and spoilage species. Among the most commonly encountered species causing spoilage of fruit are Penicillium italicum, associated with the blue rot of citrus, Penicillium digitatum causing a devastating and rapid green rot of citrus, and Penicillium expansum the blue rot of apples and pears. Apart from the possibility of allergic response to the enormous numbers of dry air-borne spores produced by P. italicum and P. digitatum, especially the latter, there are no special health risks associated with these species as the rotten fruit will usually be discarded. This is not always the case with P. expansum which produces the mycotoxin patulin.
[bookmark: _Toc214805679]2.2.3 Rhizopus and Mucor
Some species of these well-known members of the Zygomycota are frequently associated with the spoilage of fresh fruits and vegetables. Rhizopus stolonifer and Mucor piriformis are responsible for the rapid decay of soft fruits such as raspberries and loganberries and these moulds can spread rapidly especially on commodities stored at temperatures above 20 C. M. piriformis has been described as a destructive pathogen of strawberries (Amaechi G.et al.‚2024) and a number of species of Rhizopus, especially Rhizopus sexualis, are pathogenic to strawberries causing a soft rot (Prashanth Kumar and Kumar B.et al 2023)


[bookmark: _Toc214805680]2.3.0 Factors Affecting the Fungal Growth and Spoilage 
The growth of Fungi is categorized into primary and secondary growths. In primary growth, organic compounds are required for the biomass synthesis and production of energy needed to drive chemical reactions to produce the primary metabolites that are essential for growth; secondary growth takes place after the phase of maintained growth and may, sometimes, lead to sporulation and secondary metabolites production. The secondary metabolites, including mycotoxins, have no significant impacts on the fungal growth, but appear to be produced as a result of the excess accumulation of the precursors of primary metabolites, as a means to reduce their concentrations in the fungi. Temperature, relative humidity, and water activity
Environmental factors play significant roles in determining the occurrence of fungi; the fungal activities and colonization are predominantly determined by conditions such as temperature and humidity. These factors influence the mycotoxigenic fungal prevalence, development, frequency, distribution, and survival, and their subsequent accumulation of toxin. Also, humidity and temperature affect plant growth, health, strength, and influence the mycotoxigenic fungal competitiveness. Due to differences in growth requirements and the environmental factors, fungal development and production of mycotoxin differ from one geographical region to another‚ Before harvest, on the field, fungi Fusarium species mostly dominate since they are hygrophilic and require at least 90% relative humidity (RH) to germinate/grow. Whereas after harvest, the hygrophilic fungi are not seen, as xerophylic and mesophilic fungi, such as Penicillium spp. and Aspergillus spp‚germinate and grow, leading to mycotoxins production at 80% or less RH and 80 to 90% RH, respectively. In storage, if the surrounding environment’s RH is more than the food’s equilibrium RH, the food gains moisture and its aw increases. Increased aw during storage increases the food vulnerability to fungal invasion, germination, growth, and production of mycotoxin.
For temperature requirement, most fungi are mesophilic and grow in range of temperature between 5 and 35°C, with optimal growth occurring around 25–30°C. In addition, there are species of fungi called psychrophiles (tolerant to low temperatures) and thermophiles (can bare high temperatures). When there is shift in optimal temperature range (see Table 1), it may lead to a halt in growth. The conditions that encourage the growth of fungi may not necessarily result in the production of mycotoxins. However, temperatures of 25–30°C, aw above 0.78, and RH of 88–95% favor fungal growth and production of mycotoxin fungal strains
There is variation in the toxicity of Fungal species and their mycotoxins production may usually depends on species, strains, and/or genera. The production of mycotoxin is influenced by strain stability, variation, and specificity‚ Strains of the same species can have different optimum conditions required for growth and production of mycotoxins; also, strains of the same species can produce one or more different mycotoxins. For instance, while Aspergillus flavus can thrive within 15 to 44°C and produce aflatoxin B1 (AFB1), Aspergillus carbonarius thrives at 8 to 40°C and produce ochratoxin A (OTA).
[bookmark: _Toc214805681]2.3.1 PH
The surrounding medium and its pH influence the development of fungi and production of mycotoxins. pH of the surrounding medium affects fungal growth either by direct or indirect actions on cell surfaces or on nutrient availability respectively. Fungi can modulate the pH of the surrounding medium through secreting alkali or acids; species of Aspergillus and Penicillium can acidify the surrounding through citric and gluconic acids secretion‚ The ability to control the pH provides fungi a better possibility of surviving in their host. In addition, the pH can have influence on the interactions of temperature and aw, as it affects metabolic processes, including morphogenesis and sporulation.

[bookmark: _Toc214805682]2.3.2 Substrate
Mycotoxigenic fungi grow on several substrates, however, the major reason for their predominate on some foods has not been sufficiently established. The nutrients needed for the fungal growth, mostly nitrogen and carbon, are commonly found in foods, especially those rich in carbohydrates, molds are found in many foods. Substrates that encourage the growth of fungi may not necessarily be support mycotoxin production, as conditions that promote the production of mycotoxins are usually different from those needed for fungal growth (see Table 1 and Figure 1). Generally, mycotoxins production is greatly influenced by the interactions between many factors in substrate, such as temperature, aw, pH, and composition (e.g. simple sugars). The substrate’s osmotic pressure affects the growth of fungi and the production of mycotoxin, and several studies reported that it can aid in evaluating fungal physiological responses, as well as can affect the secondary metabolites biosynthesis such as mycotoxins biosynthesis. On the other hand, upon osmotic stress fungal species adjust their physiological responses to enhance their survival and adaptation.
[bookmark: _Toc214805683]
CHAPTER THREE
[bookmark: _Toc214805684]3.0 			      MATERIALS AND METHODS
[bookmark: _Toc214805685]3.1.0 STUDY AREA
The study will be carried out at Kasuwar daji Sokoto, Sokoto state is in the extreme Northwest of Nigeria between longitude 05° 11¹ to 13° East and latitude 13° 00¹ to 13° 06¹ North. The state shares borders with the Republic of Niger to the North, Kebbi to the West and Southeast and Zamfara to the east. The state covers a land area of about 60.33km², and based on 2006 census, the state has a population of 3,696,999. Sokoto state has an annual average temperature of 28°C (82.9°F). Sokoto is, on the whole, a very hot area. However, maximum daytime temperatures are most of the year generally under 40°C (104.0°F). The warmest months are February to April when the daytime temperature can exceed 45°C (113.0°F). The rainy season starts from June to October during which showers are a daily occurrence, although rarely last long compared to that of the wet tropical regions. There are two major seasons; wet and dry which are distinct. The indigenous inhabitants of the area are the Hausas and Fulani’s. Other ethnic group residents in the area include Igbo, Yoruba, Ebira, Igala, as well as Buzus from the neighboring Niger Republic. Hausa is the commonly spoken language. Farming and crop production is the major occupation of the people living in the study area. Major crops grown include millet, sorghum, groundnut, cowpea and tobacco. Livestock reared include cattle, sheep, goat, donkey, camel, horses and poultry (Garba et al., 2019).
[bookmark: _Toc214805689]3.3 Sample Collection
A total of three (3) fresh fruits consist of pawpaw (Carica papaya),pineapple (Ananas comosus), and watermelon (Citrullus vulgaris) fruits were collected from Kasuwar Daji of Sokoto the samples collected were placed in a sterile polythene bags and labeled appropriately then transported to to Mycology Laboratory, Botany Unit, Department of Biological Sciences, Usmanu Danfodiyo University Sokoto, Sokoto State for identification and authentication. 
[bookmark: _Toc214805690]3.4 Preparation of Media 
Potato dextrose agar (PDA) was the medium to used for the isolation of fungi. The medium was prepared by dissolving 39 gram of the media and antibiotic in 1000 mil distilled/purified water. The prepared medium was transfered into a conical flask then cover with cotton wool and then cap with aluminum foil. The suspension was heated to dissolve completely. It was then autoclave for sterilization at 120°C for 15 minutes. The medium was then allowed to cool down to 47°C, then brought out and allowed to cool further then pour into sterilized Petri dishes and allow to solidify for a period of 24 hours at room temperature (Yusuf H.Z et al.‚2022).
[bookmark: _Toc214805691]3.5.0 Isolation of Fungi
[bookmark: _Toc214805692]3.5.1 Incubation
Each of the infected fruit were surface sterilized with cotton wool soaked in 99% alcohol, the fruits was then cut out into small segments (2 mm diameter) using sterilized needle, the segment of the infected fruits were then be place on solidified PDA aseptically, substrate/plates was incubated at 25°C for 5 days (Muhammad M.H and Abubakar M.I et al.‚2024).
[bookmark: _Toc214805693]3.5.2 Inoculation of the pathogens fungi
From the incubated plate the different fungal was isolated with difference coloration observe.  which  was signify the occurrence of different fungal colonies. The fungal colonies that emerge was  continuously sub-culture in order to obtain a pure culture of the fungal isolates (Yusuff R.A et al.‚2023)
[bookmark: _Toc214805694]3.5.3 Subculture
After 5 days, other petri-dishes containing fresh medium (PDA) was be  use in the incubating room for subculture, the inoculating needle was burnt until red hot and allow to be  cool for a while and use to transfer fungal mycelia and spores to the petri-dish containing fresh medium, and different fungal mycelia was sub cultured on the fresh (PDA) medium (Onuorah et al.‚2023).The isolates was then observed and the cultural characteristics of the colonies as well as that of the reserve, presence of absence of aerial growth, rate of growth will be  use (Serag and Atolani et al.‚2022).
[bookmark: _Toc214805695]3.6 Fungi Identification 
The fungal isolates was identified using cultural and morphological features such as colony growth pattern, conidial morphology and pigmentation, the identification was achieved by placing a drop of the stain on clean slide with the aid of a mounting needle where a small portion of the aerial mycelia, the inoculating needle will be burnt until red hot; A drop of lacto phenol cotton blue will be place on the center of the clean slide, the inoculating needle will be  use to transfer a portion of the fungal colonies and spread the 2mm of mycelia growth to prepare a smear on the glass slide and then will be cover with cover slip; the smear will be  mount under the light microscope and examine using X 10 objective lens, the nature of the mycelia, the type of fruit bodies, and spores structure serve as criteria for identification of isolates, The isolate will be identify  using standard mycological atlas (Yapi Y.E et al.‚2021).
[bookmark: _Toc214805696]3.7 Determination of Percentage Occurrence of Isolates
This was done to determine the percentage occurrence of the different fungal isolates. The number of occurrence for each of the isolates was recorded and calculated using the formula as described by Fan Z (2020). % Frequency = Number of identified fungi/Total number of fungi x100  (Abubakar et al.,2019) 

[bookmark: _Toc214805697]
CHAPTER FOUR
[bookmark: _Toc214805698]4.0 					 RESULTS
Are our my three sample for this study total three (3) different fungi spp were isolated. the isolated fungi species are; Sacccharomyce cerevisiae‚ Rhizopus Oryzae and Aspergillus fumigatus.
[bookmark: _Toc214805699]4.1 Morphological Characteristics of The Identified Fungi
Show the total of three (3) fungi species. Saccharomyces cerevisiae‚ Rhizopus Oryzae and Aspergillus fumigatus were isolated from sample‚ they were identified by studying their macroscopic and microscopic characters‚ as show in table 1 below.
[bookmark: _Toc214805700]4.2 Pacentage Frequency of Occurrence of the Fungi Identified from the Sample. 
Saccharomyce cerevisiae
 This fungal spp was observed six (6) time at sample A (kasuwar daji market). It also occurred five (5) time in sample (B) and three (3) time in sample (C) respectively. this represented 50% as indicated in table 2  below



Rhizopus oryzae
 This fungal spp was observed three (3) time at sample A (kasuwar daji market). It also occurred four (4) time at both sample B (4) and C (4) respectively. this represented 39.3% as indicated in table 2 below
Aspergillus fumigatus
This fungal spp was observed Zero (0) at sample A (kasuwar daji market) and B (0) both of them are absence‚ but is present in sample C (3) time respectively.the total pacentage of obseved was 10.7% as indicated in table 2 below

TABLE 1: Colon and Morphological Characteristics of The Fungi Isolates   
	 Isolated
	Macroscopy
	                    Microscopy

	Saccharomyce cerevisiae
	The colonise grow rapindly clusters of cells‚flat‚smooth and moist glistering or dull plate which is cream to tannish cream in colour
	Diameter of 2-3 um and lenth of 3-4 cell buds‚lave globose‚hypha absent and elongated in shape

	Rhizopus Oryzae
	Non septate‚long and branched mycellium with terminal club shape
	Sporulated within two days with initial white colour which later turned to black

	Aspergillus fumigatus 
	Colony attaining a diameter of more than 9cm in 5days or less hyaline ‚whitish-green‚ into conidial area
	Conidiaphore‚ pyranidally branched that is longs repeatedly branched leterals below with short branched near apex


        





TABLE 2: Fungal Species and Percentage of Occurrence
	Observed Isolate
	A
	B
	C
	Totals
	 % of Occurrences

	Saccharomyce cerevisiae
	6
	5
	3
	14
	      50.00

	Rhizopus oryzae
	3
	4
	4
	11
	      39.30

	 Aspergillus fumigatu
	O
	0
	3
	3
	      10.70

	
	9
	9
	10
	28
	         100


Note 
          A- Sample pineapple kasuwar daji market
          B- Sample pawpaw kasuwar daji market
          C- Sample watermelon kasuwar daji market







[image: ]Plate 1: three tissue fruit collection from thesame market (kasuwar daji) in sterile PDA plate


[image: ]Plate 2: Microscopic view of Saccharomyces cerevisiae showing oval budding yeast cells arranged singly or in clusters.
Stain: Lactophenol cotton blue





[image: ]
Plate 3: Microscopic view of Rhizopus oryzae showing broad, non-septate hyphae with round sporangia at the tips of sporangiophores.
Stain: Lactophenol cotton blue. 



[image: ]
Plate 4: Microscopic view of Aspergillus fumigatus showing septate hyphae with conidiophores bearing spherical conidial heads.
Stain: Lactophenol cotton blue.
[bookmark: _Toc214805701]
CHAPTER FIVE
[bookmark: _Toc214805702]5.0                                                    DISCUSSION
This study was conducted to determine the fungal species associated with the some sliced fruits specifically watermelon, pineapple, and pawpaw. From the laboratory analysis, three fungal species were isolated and identified: Saccharomyces cerevisiae, Rhizopus oryzae, and Aspergillus fumigatus.
The result of this study contrasts with the findings from Kasuwar Daji Market, where a total of seven fungal species were isolated, with Tsohuwar Kasuwa having six representatives among the isolates. Similarly, the current finding differs from the work of Mustapha et al.‚2019), who reported a total of nine fungal species associated with fruit spoilage. It also disagrees with the study conducted by Ezekiel and Sombie (2014) in Ogun State, Nigeria, where eleven (11) fungal pathogens were identified on watermelon fruits.
The observed differences in the number and type of fungal species isolated may be attributed to variations in climatic and environmental conditions, such as high temperature and air humidity, which are known to favor the growth of fungi and other microorganisms (Abubakr and Bashar et al.‚2019). Fruits are rich in sugars and nutrients, and their low pH values make them particularly susceptible to fungal invasion (Ibrahim et al.‚2020).
The current study revealed that Saccharomyces cerevisiae had the highest prevalence (50%), followed by Rhizopus oryzae (39.9%) and Aspergillus fumigatus (10.7%). These findings are contrary to the report of Mustapha et al. (2019), where Aspergillus flavus recorded the highest frequency of occurrence (23.53%) while Scopulariopsis brevicaulis had the lowest (3.53%). Similarly, Mustapha et al. also reported Colletotrichum musae as the most frequently occurring fungus isolated from fruit samples, with 35.71% occurrence in Kasuwar Daji and 20% in Tsohuwar Kasuwa.
In relation to fruit type, Saccharomyces cerevisiae showed the highest occurrence in pineapple (6) and pawpaw (5), while Aspergillus fumigatus showed no occurrence in pineapple (0) and pawpaw (0). This contrasts with the findings of Samuel et al. (2017), who reported that Aspergillus niger had the highest occurrence across various fruits, including pineapple, watermelon, oranges, pawpaw, and tomatoes, with a frequency of 38%. Fusarium avenaceum followed with 31%, while Penicillium digitatum and Rhizopus stolonifer had the least frequency (4%) each in tomato and orange, respectively. Other fungal species identified included Saccharomyces spp. (10%), Fusarium solani (8%), and Aspergillus flavus (5%).
Furthermore, this study disagrees with the reports of Alhaji Y et al.‚2020), I Lema et al. (2020), and Mailafiya et al. (2019), who found Aspergillus niger to be the predominant fungal species responsible for fruit spoilage.
The differences observed between this study and previous research could be linked to environmental variations, handling practices, market hygiene, and storage conditions. These factors can significantly influence the diversity and prevalence of fungal species associated with fruit spoilage.
[bookmark: _Toc214805703]5.1 CONCLUSION
Based on the result of this study, Three fungal genera have been successfully isolated and identified from the sample (watermelon, Paw Paw and Pineapple) Sokoto. including Saccharomyces Cerevisiae, Rhizopus Oryzae and Aspergillus fumigatus species. The finding of this study implies tough the realities for the farmers in guaranteeing safe produce and require an adaptation appropriate control measures against farms infection during the harvesting and postharvest in order to avoid cut and reduce losses. Researchers should also embark on similar related studies so as to improve the economy of the farmers and country at large.

[bookmark: _Toc214805704]5.2 RECOMMENDATION
1. Regular cleaning of market stalls, trays, baskets, and display tables should be enforced to minimize cross-contamination from decayed fruits and fungal spores.
2. Consumers should be sensitized on the health risks of eating visibly spoiled fruits, especially those contaminated with fungi capable of producing harmful mycotoxins.
3. Health and agricultural authorities should conduct routine inspections of fruits sold in markets to detect fungal infection early and take preventive action.
[bookmark: _Toc214805705]
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