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1.0 Introduction
Plantain (Musa paradisiaca), a member of the Musaceae family, stands as a cornerstone of food security and economic livelihood for millions of people across tropical and subtropical regions, particularly in Africa, the Caribbean, and Latin America. It is a versatile and vital staple crop, contributing significantly to the caloric intake of many populations. Unlike its sweeter relative, the dessert banana, plantain is typically consumed cooked, whether fried, boiled, roasted, or processed into flour, making it an integral part of diverse culinary traditions. The nutritional profile of plantain is noteworthy, providing essential carbohydrates, vitamins (especially A and C), and minerals, which are crucial for human health (Olagoke et al., 2018).
Despite its importance, the journey of plantain from farm to fork is fraught with challenges, the most significant being post-harvest spoilage. As a climacteric fruit, plantain continues to ripen after being harvested, undergoing physiological changes that make it increasingly susceptible to microbial attack. This high perishability leads to substantial post-harvest losses, with some reports indicating that losses in Nigeria can be as high as 60% (Salami et al., 2023). These losses are not merely a waste of food but represent a significant economic blow to farmers and traders who depend on the crop for their income. The primary drivers of this spoilage are bacteria and fungi, which colonize the fruit, leading to rot, decay, and the production of undesirable metabolites, ultimately rendering the plantain unfit for consumption.
The microbial contamination of plantain can occur at various stages, including during growth, harvesting, transportation, and storage. Poor handling practices, inadequate storage facilities, and environmental factors create a conducive environment for these spoilage microorganisms to thrive. While spoiled plantains are visibly unappealing, they also pose potential health risks due to the possible production of mycotoxins by certain fungal species, such as Aspergillus flavus, which are known to be carcinogenic (Olorunjuwon et al., 2024).
Conversely, unspoiled or healthy plantains are not sterile; they host a natural community of microorganisms, known as a microbiome, which can include endophytic and epiphytic bacteria and fungi. Some of these microorganisms may be beneficial, potentially playing a role in protecting the fruit from pathogens. Understanding the microbial composition of both spoiled and unspoiled plantain is therefore crucial. It can provide a clearer picture of the specific organisms responsible for spoilage and those that constitute the natural flora of a healthy fruit.
1.1 Statement of the Problem
Plantain is a critical staple food, but its high perishability results in significant post-harvest losses, estimated to be between 35% and 60% in producing regions like Nigeria (Salami et al., 2023). These losses are primarily driven by microbial spoilage, which degrades the quality of the fruit, reduces its market value, and threatens the livelihoods of farmers and vendors. Furthermore, the consumption of microbially contaminated plantain poses a public health risk due to the potential presence of pathogenic bacteria and mycotoxin-producing fungi (Ozoude et al., 2024).
While it is known that bacteria and fungi cause this spoilage, there is often a lack of specific, localized data identifying the precise microorganisms responsible for decay in a given area. Additionally, little is known about the natural microbial community of healthy plantains and whether it contains beneficial organisms that could inhibit spoilage. Without a clear understanding of which microbes cause spoilage and which are part of the fruit's natural flora, it is difficult to develop effective and targeted strategies to extend shelf life and ensure food safety. This study aims to address this knowledge gap by systematically identifying and comparing the microbial communities of spoiled and unspoiled plantains.

1.2 Aim of the Study
The main aim of this study is to isolate, identify, and characterize the bacteria and fungi associated with both spoiled and unspoiled plantain in order to distinguish spoilage agents from the natural microbial flora.

1.3 Objectives of the Study
The specific objectives are to:
1.  Isolate bacteria and fungi from the surfaces and internal tissues of spoiled plantain samples.
2.  Isolate bacteria and fungi from the surfaces and internal tissues of unspoiled (healthy) plantain samples.
3.  Identify the isolated bacteria and fungi using morphological, microscopic, and biochemical characterization techniques.









1.4 Literature Review
1.4.1 Microbial Spoilage of Plantain
Post-harvest spoilage of fruits is a major global issue, leading to significant economic losses and food wastage. Fruits like plantain are particularly vulnerable due to their high moisture and nutrient content, which provides an ideal substrate for microbial growth (Shokri and Heidari, 2024). Spoilage is primarily caused by the enzymatic activities of bacteria and fungi, which degrade the fruit's complex carbohydrates, proteins, and fats, resulting in undesirable changes in texture, flavor, color, and aroma. Fungal spoilage, in particular, is common in fruits because their typically acidic pH favors fungal growth over bacterial growth. The process of spoilage often begins with the contamination of the fruit surface. Microorganisms can gain entry into the plantain's tissue through natural openings or mechanical injuries sustained during harvesting and handling. Once inside, these microbes proliferate, leading to the characteristic signs of decay.
1.4.2 Bacteria Associated with Plantain Spoilage
Several studies have identified the bacterial species involved in the spoilage of plantain. Research has shown that both Gram-positive and Gram-negative bacteria are implicated. A study by Umeh et al. (2018) on spoiled ripe plantain fruits isolated a range of bacteria from the pulp, including Lactobacillus sp., Streptococcus sp., Staphylococcus sp., Bacillus sp., and Proteus sp. From the peels, Streptococcus sp., Enterobacter sp.,and Pseudomonas sp.were identified. The presence of organisms like E. coli and Klebsiella spp. , often points to poor hygiene and handling practices during processing and sale (Ajayi, 2018).



1.4.3 Fungi Associated with Plantain Spoilage
Fungi are major culprits in the deterioration of plantain. Their ability to produce a wide array of extracellular enzymes allows them to break down the complex tissues of the fruit, leading to various forms of rot. The most frequently isolated fungal genera from spoiled fruits include Aspergillus, Penicillium, Fusarium, Rhizopus, and Mucor.   A recent investigation by Olorunjuwon et al. (2024) identified several fungal species from ripe plantains, including Aspergillus flavus, Aspergillus niger, Penicillium chrysogenum, Saccharomyces cerevisiae, Fusarium spp.,and Rhizopus stolonifer. The study highlighted the public health risk associated with some of these fungi, particularly Aspergillus flavus and Aspergillus niger, which are capable of producing harmful aflatoxins. These findings are consistent with other research on fruit spoilage, which frequently reports these genera as the primary agents of decay (Yadav et al., 2019).

1.4.3 Microbial Community of Unspoiled Plantain
While much of the focus has been on spoilage organisms, healthy plants, including plantain, harbor a diverse community of microorganisms known as the microbiome. This microbiome can exist on the surface of the plant (epiphytes) or within its tissues without causing disease (endophytes). These microbes can play various roles, some of which are beneficial to the host plant, such as nutrient acquisition and protection against pathogens. Research into the subterranean microbiome of plantain has revealed a rich diversity of bacteria and fungi, including beneficial microbes like Acinetobacter, Bacillus, and Pseudomonas species, which are known for their plant growth-promoting and biocontrol capabilities (Yedidia et al., 2018). Understanding the natural microbiome of the fruit itself is an emerging area of interest, as these native microbes could potentially be harnessed as biocontrol agents to inhibit the growth of spoilage pathogens.
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