


[bookmark: _Hlk219988778]Molecular Characterization of Fungal Communities Associated with Postharvest Spoilage of Irvingia gabonensis Fruits and Seeds

Abstract
Irvingia gabonensis is an economically important fruit tree native to the tropical rainforest regions of West and Central Africa. However, microbial infestation during postharvest storage significantly threatens its quality, safety, and shelf life.This study aimed to identify and molecularly characterize fungal pathogens associated with postharvest spoilage of I. gabonensis fruits and seeds.Fruits and seeds of I. gabonensis were obtained from Sagana Market (Mile 1) and Creek Road Market in Port Harcourt, Rivers State, Nigeria. Fungi were isolated and purified on potato dextrose agar (PDA). Genomic DNA was extracted from pure cultures using the ZymoBIOMICS DNA MicroPrepMicroprep Kit. Polymerase chain reaction (PCR) amplification of the internal transcribed spacer (ITS) region was performed, and amplicons were sequenced using the Sanger sequencing method. The obtained sequences were aligned and compared with reference sequences in the National Center for Biotechnology Information (NCBI) database. Phylogenetic analysis was conducted to determine genetic relationships.Phylogenetic analysis revealed eight distinct fungal strains associated with postharvest deterioration of I. gabonensis. The seed samples yielded Aspergillus awomori (JTF1), Penicillium choerospondiatis (JTF2), Talaromyces pinophilus (JTF3), Trametes polyzona (JTF4), Aspergillus flavus (JTF5), and Lentinus squarrosulus (JTF6). The fruitFruit samples yielded Penicillium citrinum (JTF7) and Trametes polyzona (JTF8).The findings demonstrate that I. gabonensis fruits and seeds harbor diverse fungal pathogens that may contribute to postharvest spoilage. Their presence raises concerns regarding food safety and potential public health risks associated with consumption.
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[bookmark: _Hlk191842780]1.0	INTRODUCTION
Fruits are important components of human nutrition, providing essential nutrients and bioactive compounds that reduce the risk of cardiovascular diseases, aid in diabetes management, and delay the onset of chronic illnesses 1. Beyond their nutritional benefits, fruits hold cultural significance and, arebeing incorporated into religious and traditional ceremonies worldwide. Postharvest diseases, particularly those caused by fungi, are major contributors to fruit spoilage, responsible for losses of approximatelyabout 50% of the total production, with fungal invasion accounting for approximately 70% of the deterioration 2. Fungal pathogens induce physiological and biochemical changes in fruits, including tissue rot and reduced shelf life, by utilizing sugars, proteins, lipids, and vitamins 3. Toxin-producing fungi have been identified and isolated from spoiledspoiling fruits inby previous studiesresearchers 4. In addition to compromising fruit quality, some spoilage fungi produce mycotoxins that pose significant health risks to consumers. Toxin-producing fungi have been identified and isolated from spoiledspoiling fruits inby previous studiesresearchers 4.
Irvingia gabonensis (Aubry-Lecomte ex. O'Rorke) Baill is commonly known as African mango, African bush mango, bush mango, dika nut, dika bread tree, dikka, odika, ogbono, iba-tree, or sweat bush mango.Irvingia gabonensis (Aubry-Lecomte ex. O'Rorke) Baill is widely known by several common names, including African mango, African bush mango, bush mango, dika nut, dika bread tree, dikka, odika, ogbono, iba-tree, and sweet bush mango. 5. It has also been reported that I. gabonensis (the sweet variety of Irvingia spp) pulp is used to makefor making jam, jelly and juice 6. The seeds, valued for their nutritional and medicinal properties, contain soluble dietary fibre and bioactive compounds that may help regulate blood sugar, improve lipid profiles, and support renal and hepatic functions 4. Typically, the fruits are harvested from trees or the ground, softened or processed immediately, and the seeds are sun-dried for preservation, enabling storage for over one year 7.
Both fruitsthe fruit and seeds are crucial for food security and nutrition, particularly in rural regions of West and Central Africa. In Nigeria, the seeds are commonly used as a staple soup condiment 8. However, they are highly susceptible to postharvest fungal contamination. Previous studies have reported that seeds sold in Nigerian markets are often colonized by spoilage fungi such as Aspergillus flavus and A. parasiticus, which produce aflatoxins that are harmful to human health 9. This contamination not only reduces product quality but also poses significant public health risks and threatens food security in the country.
Although fungal contamination of fruits and seeds is well documented, comprehensive characterization of the mycoflora associated with I. gabonensis, particularly using both morphological and molecular approaches, remains limited. Accurate identification of fungal pathogens is essential to understand their diversity, prevent spoilage, and minimize health risks. Molecular tools, including polymerase chain reaction (PCR) and DNA sequencing, have become indispensable for uncovering hidden microbial diversity, providing precise classification, and enabling the rapid identification of microbial species 10. DNA-based analysis focusing on the internal transcribed spacer (ITS) region is particularly effective for the accurate and timely identification of spoilage-causingspoilage fungi.
This study aimed to isolate, identify, and characterize the mycoflora associated with the fresh fruits and dried seeds of I. gabonensis using morphological and molecular techniques. The findings provide valuable information on fungal diversity and, their potential impact on fruit quality and consumer health, thereby proffering strategies to mitigatemitigating postharvest losses, and simultaneously promotepromoting food safety and security.
2.0	MATERIALS & METHODS 
2.1	Study Area and Sample Collection 
[bookmark: _Hlk217817698]Irvingia gabonensis fruits with disease symptoms were sourced from Sangana local market in Mile 1, while the diseased seeds were obtainedgotten from Creek Road market, Port Harcourt, Rivers State, Nigeria(lat. 4.7924° N, long. 7.0010° E) and Creek Road market (Latlat. 4.7588° N, long. 7.0261° E) in September 2024, respectively.

[bookmark: _Hlk217818124] A total of 20 fruits and 45 seeds were placed in separate Ziploc bags and transported to the Regional Centre for Biotechnology and Bioresources Research (RCBBR) Laboratory, University of Port Harcourt, Choba, Rivers State, Nigeria. Upon arrival, the samples were washed with distilled water to remove adhering contaminants and endophytic organisms before being culturedculturing at the RCBBR laboratory. DNA extraction, purificationPurification, and sequencing of the PCR products were performed at MyAfroDNA, Port Harcourt, Rivers State, Nigeria. The Irvingia gabonensis fruit and seeds used in thisthe study are presented in Figure 1. 

2.2	Sample used for the study
The Irvingia gabonensis fruits and seeds used in thisthe study are presented in Figure 1. The Irvingia gabonensis fruits areappear medium-sized and spherical with yellow-green skins, which is typical of the the species morphology. However, theThe fruit showshowever show prominent dark, irregular patches indicative of possible disease, bruising, or fungal contamination, suggestingsuggestive of compromised fruit quality and potential microbial activity on the rind. The seeds were pale to light brown and flattened, with visible signs of discoloration and surface speckling, indicative reflective of internal contamination or deterioration associated with the affected fruits. 

[image: ]    
Figure 1:  Diseased Irvingia gabonensis fruits and seeds used in the study. A: fruit; B: seeds.

2.3	Isolation of Fungi from Irvingia gabonensis Fruits and Seeds
Fungal organisms were isolated from the visibly damaged fruits and seedsIrvingia gabonensis fruits and seeds with visible damage and signs of Irvingia gabonensisdisease. Segments of the affected area or tissues of the diseased fruits were cut out using a sterile scalpel and treated with a 1% sodium hypochlorite solution for 3 min, washed with distilled water, and then placed at the centre of the Petri dishes containing potato dextrose agar (PDA). Petri dishes were incubated for 7 days and the plates were observed for morphological characteristics including colour, texture, and colony formation 11. Frequent re-isolationre-isolations waswere performed to preserve the purity of the strains. Freshly made PDA was used to grow the pure isolates, which were incubated at 28±2°C for seven days, and then stored at 4°C before DNA extraction. 

2.4	DNA extraction, PCR & Sequencing
DNA extraction was performed using the ZymoBIOMICS DNA Microprep Kit (Zymo Research, USA) with the ZR Bashing Beads at MyAfroDNA Laboratory in Port Harcourt, Nigeria. Samples were transferred into the bead bashing tube, and bead beating was performed using a vortex mixer for optimal cell lysis. Subsequent steps, including lysis, DNA binding, washing, and elution, were performed according to the manufacturer’sfollowed the kit instructions. The elutedEluted DNA was maintained at -20°C until further analysis. DNA concentration and purity were determined using a Nanodrop spectrophotometer (Thermo Fisher Scientific, USA). Absorbance readings at 260 nm were used to calculate DNA concentration, while the 260/280 nm and 260/230 nm ratios were assessed for purity. The eluted DNA was either processed immediately or stored at -20°C for downstream applications.
2.5	Fungi DNA isolation
[bookmark: _Toc181568439]Fungal DNA was amplified using the internal transcribed spacer (ITS) region with the universal primer pair ITS1 (Forward: 5′-CTTGGTCATTTAGAGGAAGTAA-3′) and ITS4 (Reverse: 5′-TCCTCCGCTTATTGATATGC-3′). The PCR reaction mixture consisted of DNA template (2 µL), forward and reverse primers (1 µL each), and PCR master mix (4 µL), with nuclease-free water added to make up the final reaction volume. The thermal cycling conditions included an initial denaturation step, followed by 35 cycles of denaturation, annealing, and extension, and a final extension step. The amplified PCR products were visualized using agarose gel electrophoresis.
2.6	Gel Electrophoresis
Gel electrophoresis, a common method for separating DNA based on length, was performed to visualizevisualise the quality of the amplicons generated byfrom PCR. A 2% agarose gel was prepared by dissolving 0.6 g of agarose powder in 30 ml 1X Tris-Borate-EDTA (TBE) buffer. Safe Green dye (30 µl) was added for visibility of the bands. Wells were made on the gel using a comb and PCR products (4 µl) were loaded into the wells with a DNA marker loaded into the first lane of the well. Electrophoresis was performedconducted, and the gel was visualized usingunder a UV transilluminator (Clever Scientific, England). Positive bacterialbacteria samples were expected to show a band size of approximatelyaround 300-500bp following the partial 16S PCR or 200-420bp following partial ITS PCR.
[bookmark: _Toc181568440]2.7	Sanger sequencing
For Sanger sequencing, PCR products were purified, and sequencing reactions were set up using the BigDye™ Direct Cycle Sequencing Kit ( by Applied Biosystems,  (Thermo Fisher Scientific, USA). SequencingThe sequencing primers tagged with M13 sequencing primers, were employed. Sequencing reactions were purified and loaded onto a Genetic Analyzer for capillary electrophoresis. The sequencing data obtained were then analyzedanalysed to confirm and identify the species. The resulting sequences were subjected to a BLAST search on the NCBI database to reveal the species identity of the isolates. ITS sequences were then deposited in GenBank for the assignment of accession numbers. 
2.8	Phylogenetic analysis
The evolutionary history was inferred using the Neighbor-Joining method. AnThe optimal tree was used. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) isare shown next to the branches. The tree was drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Jukes-Cantor method and are expressed in termsin the units of the number of base substitutions per site. Evolutionary analyses were conducted usingin MEGA X 12.
[bookmark: _Hlk224562815]3.0	RESULTS
[bookmark: _Hlk220145850]3.2	Cultural and microscopic characterization of the fungal isolates
Eight fungal isolates (JTF1–JTF8) showed distinct cultural and microscopic variabilityclearly displayed cultural and microscopic variability that distinctly differentiated them. Colony morphologies ranged from black or green cottony growth to green lawn-like or white fluffy textures, with reverse pigmentation varying from yellow and brown to milk-white and pink. Microscopically, all isolates possessed septate hyphae; however,, however there werewas significant differencesdifference inbetween conidial development. Isolates JTF1, JTF2, JTF3, JTF6, JTF7 produced conidia with distinct arrangements, including round heads, columnar clusters, chain-like bunches, and canoe-like shapes. Meanwhile, isolates JTF4, JTF5, JTF8 showed spores without visible conidia. 










Table 1: Colonial and microscopic characteristics of the fungal isolates
j[image: ]Legend: Isolates JTF1-JTF6 were recovered from seed while JTF7-JTF8 were recovered from the fruits.

2.3	High quality DNA from fungal isolates
[bookmark: _Hlk220080882]High quality DNAs were extracted from all samples. Spectrophotometric analysis indicated the following concentrations: JTF1: 14.2, JTF2: 37.2, JTF3: 105.4, JTF4: 33.5, JTF5: 19.4, JTF6: 1.1, JTF7: 48.4 and JTF8: 39.2. Agarose gel electrophoresis displayed distinct and sharp bands, confirming the integrity of the extracted DNA.
2.4	Fungal DNA successfully detected via PCR
PCR amplification of the target DNA successfully amplified the ITS regions of the fungal DNA. Agarose gel electrophoresis of the PCR products revealed distinct bands at the expected sizesizes of ~200-420bp for ITS. The uniformity and intensity of the bands indicated robust and consistent amplification. Gel electrophoresis results confirmed the quality and size of the PCR products. Bands corresponding to the expected sizes were observed, validating the specificity of the amplification.[image: ]
Figure 2. Representative gel of fungi positive samples. Lane M is 100 bp Ladder, samples positive for are indicated with a band size of ~300bp. Lanes S1 to S8 represent isolates JTF1-JTF8.
[bookmark: _Hlk220148200][bookmark: _Hlk224563433]2.5	Phylogenetic tree analysis of the ITS gene sequences retrieved from fungal isolates
Phylogenetic tree analysis placed the isolates intoin various fungal genera. JTF1 falls within a mixed Eurotiales clade containing Aspergillus and Penicillium. This is closely related to Aspergillus awamori and Penicillium viridicatum (moderate bootstrap ≥50%), suggesting an Aspergillus-related lineage. JTF2 clustered within Penicillium and was, closely related to P. choerospondiatis and P. umkhoba strains (bootstrap 63%) and, positioned among plant-associated Penicillium species. JTF3 wasis placed in Talaromyces, closely related to T. pinophilus and T. sayulitensis (bootstrap ≥65%), confirming its membership in this plant/soil-associated lineage. JTF4 wasis grouped with Trametes polyzona (bootstrap 59–80%), a ligninolytic white-rot basidiomycete. JTF5 falls firmly within the Aspergillus flavus species complex (bootstrap 100%), confirming its identity as a soil and postharvest fungus. JTF6 aligned with Lentinus squarrosulus (bootstrap 56–88%), a saprobic basidiomycete associated with wood decay. JTF7 clustered in the Penicillium citrinum complex (bootstrap 100%), confirming its identity as a widely distributed plant-associated fungus. JTF8 wasis strongly associated with Trametes polyzona (bootstrap 78%), similar to JTF4, indicating ligninolytic potential.
Phylogenetic  tree analysis  revealed that the recovered isolates belonged to different fungal genera. The evolutionary relationships of the isolates with closely related reference sequences retrieved from GenBank are shown in Figure 3a–h.
Isolate JTF1 clustered within a mixed Eurotiales clade containing Aspergillus and Penicillium species (Fig. 3a). The isolate showed close relatedness to Aspergillus awamori and Penicillium viridicatum, with moderate bootstrap support (≥50%), suggesting that JTF1 belongs to an Aspergillus-related lineage within Eurotiales.
The isolateIsolate JTF2 was grouped within the genus Penicillium and, clusteredclustering closely with Penicillium choerospondiatis and Penicillium umkhoba strains (Fig. 3b) with a bootstrap value of 63%. This placement indicates that the isolate belongs to plant-associated Penicillium species.
The phylogenetic tree also placed JTF3 within the genus Talaromyces (Fig. 3c). The isolate clustered closely with Talaromyces pinophilus and Talaromyces sayulitensis with bootstrap support ≥65%, confirming its affiliation with this plant- and soil-associated fungal lineage.
Isolate JTF4 was positioned within the Trametes polyzona clade (Fig. 3d), withshowing bootstrap values ranging from 59% to –80%. This clustering indicates that the isolate belongs to a ligninolytic white-rot basidiomycete commonly associated with wood decomposition.
Similarly, JTF5 clustered strongly within the Aspergillus flavus species complex (Fig. 3e) with a bootstrap value of 100%, confirming its identity as Aspergillus flavus, a fungus commonly associated with soil, plant materials, and postharvest contamination.
Isolate JTF6 aligned with Lentinus squarrosulus reference strains (Fig. 3f) with bootstrap support ranging from 56% to –88%, indicating its close relationship with this saprobic basidiomycete involved in lignocellulosic degradation.
The phylogenetic analysis also showed that JTF7 clustered within the Penicillium citrinum complex (Fig. 3g) with strong bootstrap support (100%), confirming its identity as Penicillium citrinum, a widely distributed fungus associated with plants, soil, and stored products.
Finally, JTF8 clustered strongly with Trametes polyzona reference sequences (Fig. 3h) with a bootstrap value of 78%, similar to isolate JTF4, suggesting that this isolate also belongs to a ligninolytic basidiomycete with potential roles in wood decay and organic matter decomposition.

[image: ]
Figure 3. Neighbor-Joining phylogenetic tree of fungal isolates with Genbank related taxa (500 bootstrap replicates).

4.0	Discussion
Fungal contamination is a major issue inwhen it comes to the preservation of fruits and stored seeds. Despite their ecological significance, the accurate identification of fungi remains challenging, becauseas morphological characteristics are often ambiguous and may not reliably reflect true evolutionary relationships, particularly at the species level. Furthermore, pathogen genomics involves the study of the genetic material of organisms and is crucial in plant pathology for understanding the pathogenspathogen responsible for postharvest losses. By analyzing pathogen genomes, researchers can identify virulence factors, resistance genes, and infection mechanisms, enabling the development of targeted diagnostics, treatments, and preventive strategies that enhance plant disease management, nutrition and food security.
[bookmark: _Hlk219290501][bookmark: _Hlk219294410]The study revealed several fungal organisms associated with post-harvest spoilage of fruits and seeds of I. gbonensis. The result of the nucleotide sequence analysis revealed 8 fungi associated with the postharvest spoilage of seeds and fruits of African bush mango.  Aspergillus awomori, Penicillium choerospondiatis, Talaromyces pinophilus, Trametes polyzona, Aspergillus flavus, and Lentinus squarrosulus were found in the seeds, whereas the fruits containedrevealed Penicillium citrinum and Trametes polyzona. Similar findings have been reported from mycological investigations of Irvingia gabonensis seeds and fruits sold in Nigerian markets, where several studies have demonstrated that I. gabonensis kernels displayed for sale were contaminated with spoilage fungi 9,13.
The findings of this study align with earlier reports on fungal spoilage of Irvingia species. 14  identified Rhizopus stolonifer, Aspergillus flavus, Aspergillus niger, and Penicillium italicum in rotted seeds while 15 reported the isolation of Aspergillus, Penicillium, Rhizopus, and Mucor from fruits of both Irvingia gabonensis and I. wombolu. 
The genus Aspergillus comprises several important plant pathogens that affect crops both in the field and postharvest and they arehave been commonly associated with diseases such as corn ear rot, cotton boll rot, peanut yellow mold, black mold of onion and garlic, and fruit rots of grapes, pomegranates, olives, citrus, and apples 16. In addition to causing pre-preharvest and post-harvestpostharvest diseases, many strains produce significant quantities of toxic compounds known as mycotoxins, which are toxic to mammals when consumed , when consumed, are toxic to mammals 17.A number of significant plant diseases, including corn ear rot, cotton boll rot, peanut yellow mold, black mold of onions and garlic, and fruit rots of grapes, pomegranates, olives, citrus, and apples, are frequently linked to the genus Aspergillus16. Many strains not only cause preharvest and postharvest contamination and diseases, but they also produce large amounts of toxic chemicals called mycotoxins that are hazardous to mammals when ingested17.

Oğuz (2017) reported that A. flavus produces aflatoxins (B1, B2), with reported carcinogenicity, hepatotoxicity, teratogenicity, suppression of the immune system, alteration of DNA structure, hepatitis, hemorrhage, and renal lesions in humansOğuz (2017) indicated that A. flavus synthesizes aflatoxins (B1, B2), which are associated with carcinogenicity, hepatotoxicity, teratogenicity, immune system suppression, DNA structural change, hepatitis, bleeding, and kidney lesions in humans. 
. In 2021, a study of 8reported Aspergillus flavus as the most prevalent fungusfungi associated with seeds. 19 isolated Aspergillus flavus and Penicillium sp. from ogbono seedsfrom seeds from ogbono, which is similar to the findings of this study.
Aspergillus awamori was previously classified as a member of the black Aspergillus group (black kōji) used in the fermentation of awamori and shōchū; however, based on international taxonomic studies conducted in 2013, the black kōji employed in these fermentations is now formally recognized as Aspergillus luchuensis 20. Aspergillus awomori has been reported to contaminate and cause postharvest spoilage in fruits and seeds as well as mycotoxin production 21,22. However, Aspergillus awamori has been widely utilized for beneficial industrial, agricultural, and veterinary purposes. Aspergillus awomori inoculation enhances plant growth and stress tolerance by improving root and shoot development, increasing biomass accumulation, promoting the uptake of essential minerals (K, Ca, and Mg), reducing sodium accumulation, and elevating antioxidant enzyme activities (SOD, POD and CAT), thereby mitigating oxidative stress in plants 23. 24 reported that incorporating A. awomori and A. niger into broiler diets can enhance growth performance and improve meat quality.
[bookmark: _Hlk220530802]Aspergillus awomori (MTCC-548) can be effectively utilized to decolorize and detoxify wastewater containing Rose Bengal Dye, offering an eco-friendly and sustainable solution for industrial effluent treatment 25.
[bookmark: _Hlk219322024]The genus Penicillium, comprising over 200 species, is one of the largest and most diverse groups of fungi and is particularly well known as a source of antibiotics. Species of Penicillium are ubiquitous, occurring in almost all habitats, and exhibit beneficial, neutral, or harmful interactions with plants, existing in both epiphytic and endophytic associations with plants. Penicillium choerospondiatis is a notable pathogen responsible for significant postharvest losses, particularly in Phyllanthus emblica fruits, also known as amla or Indian gooseberry 26. The primary health risk associated with P. choerospondiatis is likely indirect, resulting from food spoilage and reduced availability of nutritious fruitfruits. While specific mycotoxins from P. choerospondiatis have not been documented, many Penicillium species produce harmful secondary metabolites 27. This study represents the first report of P. choerospondiatis associated with postharvest spoilage of Irvingia gabonensis seeds, highlighting its potential role in fruit deterioration and food safety concernsemphasizing its possible contribution to fruit spoilage and food safety issues
.
Talaromyces pinophilus, formerly designated Penicillium pinophilum, is a filamentous fungus known for producing biomass-degrading enzymes such as α-amylase 28, cellulase, xylanase, and α-galactosidase 29. Fungal strains belonging to the genus Talaromyces and the family Trichocomaceae, Formerly called Penicillium pinophilum, Talaromyces pinophilus is a filamentous fungus that produces enzymes that break down biomass, including cellulase, xylanase, α-amylase 28, and α-galactosidase 29. strains of fungi from the family Trichocomaceae and genus Talaromyces,
T. pinophilus synthesizessynthesize a variety of bioactive secondary metabolites, including terpenoids, alkaloids, polyketides, tetraenes, esters, lactones, and furanosteroids 30,31. Studies have shown that T. pinophilus produces gibberellic acid (GA), a plant hormone that promotes growth and stimulates GA accumulation in Triticum aestivum. When used as an endophytic inoculant in sewage sludge-amended soils, it enhances plant growth parameters, photosynthetic pigments, osmolytes (soluble proteins, sugars, and total amino acids), enzymatic antioxidants (catalase, superoxide dismutase, and peroxidase), and essential mineral uptake (K, Ca, Mg), while reducing Na, the Na/K ratio, and heavy metals (Cd, Ni, Cu, Zn) in both growth media and plant tissues 32. The fungus is also a known producer of funicone-like compounds, including pinophilones A and B, which exhibit cytotoxic and antiproliferative effects on human cells 33  It reduces Na, the Na/K ratio, and heavy metals (Cd, Ni, Cu, Zn) in both growth media and plant tissues while increasing plant growth parameters, photosynthetic pigments, osmolytes (soluble proteins, sugars, and total amino acids), enzymatic antioxidants (catalase, superoxide dismutase, and peroxidase), and essential mineral uptake (K, Ca, and Mg) in sewage sludge-amended soils 32. Additionally, the fungus is known to producecreate chemicals that resemble funicones, such as pinophilones A and B, which have antiproliferative and cytotoxic effects on human cells 33.
. While these metabolites have potential pharmaceutical applications, their presence in food may pose toxicological risks, warranting their evaluation as potential mycotoxins 33. Additionally, T. pinophilus produces medically useful metabolites, such as 3-O-methylfunicone, which inhibits mesothelioma cell motility 34, and Talaromycolidestalaromycolides 1–3, 5, and 11, which inhibit the growth of methicillin-resistant Staphylococcus aureusmethicillin-resistant Staphylococcus aureus growth 30. Talaromyces pinophilus has shown potential as a biological control agent, with strain HD25G2, isolated from healthy wheat seeds, significantly inhibiting Fusarium culmorum, a major causal agent of root and crown rot in soft wheat 35. This study is the first to report the identification and association of T. pinophilus with postharvest spoilage of Irvingia gabonensis seeds, highlighting its potential role in both fungal diversity and fruit spoilage in Nigerian markets.
[bookmark: _Hlk219322069][bookmark: _Hlk219324636]There are no reports of Trametes polyzona as a pathogen causing postharvest rot of Irvingia gabonensis. However, 36 reported that T. polyzona was the most prevalent fungus in spoiled apple samples from Nigeria, highlighting its role in the spoilage of fruitsfruit spoilage. Similarly, 37 stated T. polyzona in the African staple food, Garrigarri. However, 38 reported the potential use of T. polyzona as a biopreservative for tomatoes, where its extracts inhibited spoilage bacteria and extended the shelf life. Despite these beneficial applications, T. polyzona posescan also pose health risks, as it has been reported to cause serious pulmonary infections in immunocompromised individuals 39. This study represents the first report of Trametes polyzona associated with I. gabonensis seeds and fruitfruits.
Lentinus squarrosulus, a white-rot basidiomycete of the Polyporaceae family that grows on decaying tropical wood,; it is an edible and medicinal mushroom, rich in protein, fiberfibre, B vitamins, and minerals, low in fat, and presents minimal toxicological risk 40. Acute toxicity studies in rats have shown no adverse effects at doses up to 5,000 mg/kg body weight 41, supporting its safety for consumption. This study represents the first report of Trametes polyzona associated with I. gabonensis seeds.
[bookmark: _Hlk219324835]Penicillium citrinum is a food-contaminating ascomycete known for producing large amounts of the nephrotoxic mycotoxin citrinin, which has detrimental effects on the kidneys and immune system 42 and may contribute to antibiotic resistance due to its antimicrobial properties. In addition to citrinin, P. citrinum produces various extrolites, including tanzawaic acids A–D, ACC, mevastatin, quinocitrinines A and B, quinolactacins, asteric acid, and compactin 43. AlthoughWhile generally a contaminant, it can cause serious pulmonary infections in critically ill or immunocompromised individuals. This study represents the first report of Trametes polyzona associated with the postharvest spoilage of I. gabonensis fruits.
5.0	Conclusion
This study provides a detailed molecular characterization of fungi associated with postharvest fruits and seeds of Irvingia gabonensis, revealing a diverse mycobiota dominated by species of Aspergillus, Penicillium, Talaromyces, Trametes, and Lentinus. Seeds were more heavily colonized than fruits, highlighting their increasedunderscoring their heightened susceptibility to fungal contamination during storage. The identification of toxigenic species such as Aspergillus flavus and Penicillium citrinum highlights potential food safety risks. At the same time, the detection of fungi with known industrial and biotechnological applications reflects the ecological complexity of postharvest fungal communities. Importantly, this study reveals several fungi for the first time in association with I. gabonensis, thereby expanding current knowledge of its postharvest mycobiota. These findings highlight the need to develop improved postharvest handling, storage, and monitoring strategies to mitigate fungal spoilage, reduce health risks, and enhance food security in West Africa.
[bookmark: _Hlk220069436]
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