SHELF-LIFE STABILITY OF FORTIFIED PLANTAIN CHIPS PACKAGED IN DIFFERENT MATERIALS FOR EXTENDED USE IN HOSPITALITY INDUSTRIES


Abstract
Background: Plantain chips are a popular snack in Nigeria, but their short shelf life and poor nutritional balance remain challenges. Frequent microbial contamination, rancidity of frying oils, and inadequate packaging compromise consumer safety and product stability. This study was designed to assess the effects of flour fortification, frying oils, and packaging on the nutritional quality and shelf life of plantain chips. The hypothesis was that high-barrier packaging combined with groundnut oil frying would significantly enhance stability compared to conventional practices.
Methods: A 3 × 3 × 2 factorial experimental design was employed, with three fortificant flours (pumpkin, soybean, and watermelon seed), three frying oils (vegetable, palm, and groundnut), and two packaging types (LDPE and metallized films). Proximate composition was determined using AOAC (2019) standards, and microbial counts were monitored over a 10-week storage period. Data were analyzed using three-way ANOVA with significance at p < 0.05.
Results: Fortified chips showed improved protein (up to 5.17%) and fibre (2.7%) contents at week 0. Moisture increased to 4.95% by week 8, coinciding with bacterial growth reaching 10.05 × 10⁵ CFU/g in LDPE packs. Chips fried in groundnut oil and stored in metallized films maintained fat stability (4.39%) and delayed microbial proliferation, extending shelf life by 2–3 weeks compared to LDPE-packaged samples.
Conclusion: Fortification improved nutritional quality, while groundnut oil and high-barrier packaging provided superior shelf stability. It is recommended that small-scale processors adopt these techniques to enhance product safety and market competitiveness.
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1. Introduction
[bookmark: _GoBack]Plantain chips are a widely consumed ready-to-eat snack across Nigeria and other West African countries, valued for their affordability, convenience, and distinctive sensory qualities. They feature prominently in informal markets, household snacking, and hospitality outlets as a light refreshment for guests. However, conventional plantain chips are nutritionally limited high in carbohydrates and fats but low in protein, dietary fiber, and micronutrients—making them a poor contributor to balanced dietary intake, particularly in urban and peri-urban settings where snacks often substitute for full meals (Udomkun et al, 2021). This nutritional imbalance, when coupled with the growing preference for convenience foods, contributes to poor dietary diversity and diet-related health risks. The challenge extends beyond nutrition to food safety and storage stability. In many production environments, inadequate drying, unhygienic handling, use of low-barrier packaging, and uncontrolled ambient storage conditions make plantain chips susceptible to microbial contamination and oxidative spoilage. Reports of mycotoxin contamination in sun-dried and solar tent-dried plantain chips in Nigeria raise further public health concerns (Adekambi et al., 2024; Adenitan et al., 2022). Such deterioration affects not only safety but also sensory acceptability and marketability, limiting the potential for plantain chips to be distributed through formal hospitality channels where quality assurance is a priority.
Nutritional enrichment offers a practical strategy for addressing these limitations. Seed-based flours such as pumpkin seed flour, soybean flour, and watermelon seed flour are rich in protein, healthy fats, dietary fiber, and bioactive compounds with antioxidant properties (Jaroszewska et al., 2023). Research has demonstrated their potential to enhance the nutritional profile of various snack and bakery products without compromising sensory qualities. Similar fortification principles have been applied in hospitality-focused product development, as reflected in previous works on enriched snacks for tourist markets (Oloyede et al., 2022; Oloyede et al., 2023). Yet, fortification alone is insufficient to guarantee product stability. The type of frying oil whether unbranded vegetable oil, bleached palm oil, or groundnut oil plays a decisive role in lipid oxidation rates, rancidity development, and the retention of fortificant quality during storage (Malau et al., 2019). Packaging is equally critical: high-barrier laminated or metallized films can markedly slow oxygen and moisture ingress, reducing microbial growth and oxidative changes, while conventional low-density polyethylene often fails to offer adequate protection (Helanto et al., 2019).
Despite evidence supporting these individual factors, there remains limited integrated research examining how fortification with pumpkin, soybean, and watermelon seed flours interacts with frying oil type and packaging material to influence the proximate composition, microbial quality, and shelf life of plantain chips under ambient storage conditions. This gap is particularly relevant in the West African context, where climatic conditions, market structures, and consumer preferences demand locally validated solutions.
The present study addresses this gap by evaluating plantain chips enriched with pumpkin, soybean, and watermelon seed flours, fried in three different oils, and packaged in two types of packaging materials. Proximate composition and microbial quality were monitored over a 10-week ambient storage period. The goal is to identify the combination of fortificant type, frying oil, and packaging that yields nutritionally improved, microbiologically safe, and shelf-stable plantain chips suitable for hospitality and retail markets. Findings from this work are expected to contribute to food product innovation, enhance consumer health, and support small- and medium-scale processors in aligning with food safety and quality standards required in professional hospitality services.

2. Materials and Methods
2.1	Study Design and Experimental Layout
The study adopted a factorial experimental design (3 × 3 × 2), combining three fortificant flours (pumpkin seed flour, soybean flour, watermelon seed flour), three frying oils (unbranded vegetable oil, bleached palm oil, groundnut oil), and two packaging materials (metallized film and low-density polyethylene). Each treatment combination was replicated three times. Plantain chips were produced under standardized conditions, and both proximate composition and microbiological quality were monitored over a 10-week ambient storage period. 
2.2	Raw Materials Procurement
Fresh, defect-free mature plantains (Musa paradisiaca) at the green-yellow ripening stage, together with soybean and watermelon seeds, were sourced from Bodija Market, Ibadan, Nigeria. Pumpkin seeds were obtained from Eruwa Market. The seeds were processed into flours for use as fortificants. Frying oils, including unbranded vegetable oil, bleached palm oil, and groundnut oil, were also purchased from Bodija Market. All packaging materials were procured from certified packaging suppliers located in Oshodi, Lagos.
2.3	Preparation of Fortificant Flours
Seeds (pumpkin, soybean, watermelon) were cleaned to remove debris and defective seeds, washed in potable water, and oven-dried at 60 °C until constant weight. Dried seeds were milled using a hammer mill (Model XYZ, Germany) and sieved through a 250 µm mesh to obtain fine flour. Each flour type was stored in air-tight containers at ambient temperature.
2.4	Production of Fortified Plantain Chips
Plantains were peeled and sliced into uniform 2 mm thickness. Each fortificant flour was incorporated into the slices at 10% (w/w) prior to frying. Frying was carried out at 160 ± 5 °C using an open for 15 minutes. The chips were then cooled to room temperature before packaging 
2.5	Packaging and Storage
Two packaging types were used: (Low-density polyethylene (LDPE) – conventional transparent sachets) and (Airtight plastic – high-barrier laminate with low oxygen and moisture transmission rates). Samples (100 g) were sealed using a heat sealer and stored at 28 ± 2 °C and 65 ± 5% relative humidity. Storage analysis was carried out at 0, 2, 4, 6, 8, and 10 weeks.
2.6	Experimental Analysis 
Proximate Composition: The proximate composition of the plantain chip samples was determined following the AOAC (2019) Official Methods. Standard procedures were employed to evaluate moisture, protein, fat, fibre, ash, and carbohydrate contents, with all analyses carried out in triplicate to ensure accuracy and reproducibility. 
Moisture content was determined using the oven-drying method. 5 g of each sample was dried at 105 °C to a constant weight. The percentage moisture was then calculated as the difference between the initial sample weight (W₁) and the final weight after drying (W₂), expressed as a percentage of the original sample weight.
Crude protein was determined by the Kjeldahl method (AOAC 979.09). Nitrogen content was first established by digesting the sample in concentrated H₂SO₄ with a catalyst, followed by distillation and titration with a standard acid. The percentage protein was subsequently calculated by multiplying the nitrogen content by a factor of 6.25.
Crude fat was extracted using a Soxhlet apparatus (AOAC 920.39), with petroleum ether (boiling point 40–60 °C) as the solvent. Extraction was conducted for six hours, after which the fat content was determined from the weight of oil recovered, expressed as a percentage of the original sample weight.
Crude fibre was assessed using the method described in AOAC 962.09. Defatted samples were sequentially digested in 1.25% H₂SO₄ and 1.25% NaOH to simulate gastric and intestinal conditions. The residues were then dried, weighed, incinerated at 550 °C, and the fibre content calculated as the weight loss after ashing.
Ash content was determined by incinerating 5 g of each sample in a muffle furnace at 550 °C for six hours, following AOAC 923.03. The percentage ash was calculated as the ratio of the weight of ash obtained to the original sample weight, multiplied by 100.
Carbohydrate content was determined by difference, calculated as:
%Carbohydrate=100−(%Moisture+%Protein+%Fat+%Fibre+%Ash)
%Carbohydrate=100−(%Moisture+%Protein+%Fat+%Fibre+%Ash)

Microbiological Analysis
The microbiological quality of the plantain chip samples was assessed by determining the total aerobic bacterial count and the fungal count, following standard culture-based methods. For the total aerobic bacterial count, appropriate serial dilutions of each sample were prepared in sterile distilled water. Aliquots were plated on Plate Count Agar (PCA) and incubated at 37 °C for 48 hours. Distinct colonies that developed were enumerated, and the results were expressed as colony-forming units per gram of sample (CFU/g).
For the fungal count, aliquots from the serial dilutions were plated on Potato Dextrose Agar (PDA), which had been acidified with lactic acid to inhibit bacterial growth. The plates were incubated at 28 °C for five days, after which visible fungal colonies were counted. Results were similarly expressed as CFU/g. All analyses were carried out in triplicate to ensure accuracy and reliability of results.
2.7	Statistical Analysis
Data were expressed as mean ± standard deviation. A three-way ANOVA was performed to determine the effects of flour type, frying oil, packaging material, and storage time on proximate composition and microbial counts. Significant means were separated using Tukey’s HSD test at p < 0.05. Statistical analyses were conducted using SPSS version XX (IBM Corp., Armonk, NY, USA).
3. Results and Discussion
3.1	Week 0 proximate composition of fortified plantain chips
Table 1 presents the proximate composition of plantain chips fortified with pumpkin seed, soybean, and watermelon seed flours at week 0 of storage. The results reveal that moisture content ranged between 2.5% and 4.2% across the different samples. This relatively low moisture content is desirable for fried snacks, as it minimizes the risk of microbial spoilage at the early stage of storage. According to Dada et al., (2017), moisture content below 10% in fried products enhances storage stability by reducing water activity, thereby limiting microbial proliferation. Similar observations were reported by Agbor et al., (2024), who found that low initial moisture in plantain-based snacks contributed to extended shelf stability under ambient conditions. The ash content, which reflects the mineral composition, varied from 0.83% to 3.00% depending on the type of fortificant and frying oil used. Such variations are consistent with the findings of Okwunodulu et al., (2021), who demonstrated that fortification with seed flours can significantly enhance the mineral content of cereal- and tuber-based snacks. The relatively high ash value observed in bleached palm oil–fried pumpkin seed–fortified chips (3.00%) indicates improved mineral contribution from the fortificant. Protein content in the fortified samples ranged between 3.60% and 5.17%. The increase in protein compared to conventional plantain chips without fortification has been documented in earlier enrichment studies (Okwunodulu et al., 2021). Protein stability at this baseline point is critical, as protein degradation during storage is often linked to microbial activity and enzymatic breakdown (Simpson, 2010). Crude fat levels in the samples ranged from 3.27% to 4.57%, reflecting the influence of both frying oil and fortificant type. While fat contributes to desirable sensory attributes such as crispness, it is also the most vulnerable nutrient to oxidative deterioration during storage. Saha et al., (2025) emphasized that oil type influences the oxidative stability of fried products, with groundnut oil generally offering better oxidative resistance compared to unbranded vegetable oils. Thus, the baseline fat values in Table 1 provide an important reference point for monitoring subsequent changes that may result from lipid oxidation and microbial spoilage. The crude fibre content (2.13–2.70%) was higher in fortified samples compared to values reported for unfortified plantain chips in previous studies (Adeogun et al, 2021). This aligns with the expected nutritional benefit of seed flour incorporation, particularly soybean and pumpkin seed flours, which are rich in dietary fibre. Carbohydrate values were highest in watermelon-fortified samples (85.40%) and lowest in bleached palm oil–pumpkin flour combinations (81.60%). This is consistent with the proximate calculation by difference, as higher protein, fat, and fibre values reduce the apparent carbohydrate percentage. According to Adelekan et al. (2019), plantain-based snacks are naturally carbohydrate-dense, and fortification strategies should aim at balancing macronutrient distribution for better dietary contribution. Overall, the proximate composition in Table 1 demonstrates that nutritional enrichment through seed flour incorporation improved the protein, fibre, and ash contents of plantain chips at baseline, while maintaining acceptable fat and moisture levels. These proximate parameters serve as the foundation for interpreting subsequent microbial stability, as changes in moisture and fat during storage are known to strongly influence microbial proliferation Adelekan et al. (2019). 

3.2	Week 2 Proximate fortified Composition of Plantain Chips
Table 2 shows the proximate composition of fortified plantain chips after two weeks of ambient storage. Moisture content increased slightly across samples, with values ranging between 2.58% and 4.33%. This upward trend, though modest, is significant because moisture gain is directly associated with increased water activity and the potential for microbial proliferation. Akinneye & Aringbangba, (2015) emphasized that even small increases in moisture during storage can compromise crispness and shorten the shelf life of fried snacks. Similarly, Ogori et al. (2020) observed that plantain-based products stored in low-barrier packaging materials showed gradual moisture increases within the first month, leading to textural deterioration. Ash content at week 2 remained relatively stable compared to week 0, ranging from 0.82% to 2.97%. This stability aligns with the findings of Adeyeye et al. (2019), who reported that mineral composition of fortified snacks generally remains unaffected by short-term storage. The higher ash levels in pumpkin seed–fortified samples fried in bleached palm oil (2.97%) further confirm the contribution of fortificant type to the mineral quality of the chips. Protein content values (3.56–5.12%) were only slightly lower than the baseline values, indicating relative stability during the early phase of storage. According to Adelekan. et al., (2019), protein stability in fortified snacks during short-term storage is usually maintained until microbial activity intensifies, often after three to four weeks. The slight reductions observed here may reflect the early onset of enzymatic or microbial proteolysis, as suggested by (Nina et al. 2020) in their study of legume-based snacks. Fat content at week 2 ranged from 3.24% to 4.52%, with a slight reduction compared to week 0. The decrease was most pronounced in bleached palm oil and unbranded vegetable oil samples, suggesting early lipid oxidation. Adeyeye et al. (2019) noted that frying oils with lower oxidative stability, such as palm oil and unbranded vegetable oils, are more prone to rancidity during storage, thereby reducing fat quality. Groundnut oil–based samples maintained relatively higher fat values, supporting its superior oxidative resistance. Crude fibre (2.11–2.67%) showed minimal changes, remaining consistent with baseline values. Adeogun et al. (2021) highlighted that fibre components in seed-fortified snacks are relatively resistant to degradation under normal storage conditions, which explains their stability here. Carbohydrate content remained the dominant nutrient (81.19–85.07%) and followed an inverse relationship with moisture, fat, and protein contents due to its calculation by difference. This observation is consistent with Adeogun et al. (2021), who stressed that plantain-based snacks retain their carbohydrate dominance even when enriched with protein- and fibre-rich fortificants. Overall, Table 2 demonstrates that within the first two weeks of storage, proximate values remained largely stable, with only slight shifts in moisture, protein, and fat contents. These early changes suggest the beginning of microbial and oxidative activity, which aligns with the expected shelf-life behavior of fried, fortified snacks (Nina, 2020). Importantly, the nutritional benefits of fortification higher protein, fibre, and mineral contents compared to unfortified chips were still maintained at this stage.

3.3	Week 4 Proximate Composition of fortified Plantain chips 
	
Table 3 presents the proximate composition of fortified plantain chips after four weeks of ambient storage. A consistent trend of gradual increase in moisture content was observed, with values ranging from 2.66% to 4.46%. This rise, compared with week 0 and week 2 values, indicates the progressive absorption of atmospheric humidity by the chips. Akinneye & Aringbangba, (2015) reported a similar increase in moisture levels of packaged fried snacks during ambient storage, attributing it to the permeability of packaging films and the hygroscopic nature of starchy products. Such moisture increases are critical because they reduce crispness and raise water activity, thereby encouraging microbial proliferation. Indeed, Adeogun et al. (2021) emphasized that increased moisture after 3–4 weeks of storage in plantain-based snacks is a major factor leading to bacterial and fungal growth. Ash content (0.81–2.94%) showed only minor changes from week 2, indicating that mineral stability was largely maintained during this period. Adelekan. et al., (2019) highlighted that ash values in seed-fortified snacks are generally stable under short- to medium-term storage, unless leaching occurs due to packaging failure. Protein content (3.52–5.07%) declined slightly compared to earlier weeks. While still within a nutritionally improved range, this reduction could signal the beginning of protein degradation processes. According to Nina et al, (2020), protein deterioration in legume- and seed-fortified snacks during storage is often associated with microbial proteolysis and enzymatic activity, especially when moisture levels begin to rise. This early decline aligns with the bacterial counts that started increasing around week 4 in your microbial data, suggesting a relationship between nutrient loss and microbial proliferation. Fat content ranged from 3.21% to 4.47%, showing a continued downward trend. The decline was more evident in samples fried with palm oil and unbranded vegetable oils compared to those fried with groundnut oil. Jaroszewska et al., (2023) noted that lipid oxidation is accelerated by exposure to oxygen and light, and oils with lower antioxidant capacity deteriorate faster. The observed reduction therefore reflects early lipid oxidation, which also contributes to the rancid off-flavors often noticed in chips during extended storage. Crude fibre content (2.09–2.64%) remained relatively stable, with minimal changes across samples. This stability is consistent with the findings of Oyem and Oyem (2024), who reported that fibre components are less susceptible to microbial and oxidative degradation under standard storage conditions. Carbohydrate content (80.78–84.65%) remained the dominant nutrient, but a slight reduction compared to baseline values was noted in some treatments. This is expected because carbohydrate loss can occur through microbial utilization as storage progresses. Udomkun et al. (2021) observed that starchy foods stored for several weeks often experience modest reductions in carbohydrate due to microbial metabolism, particularly when moisture increases. 
The data in Table 3 demonstrate that by week 4, proximate composition began to show measurable declines in protein, fat, and carbohydrate contents, alongside increases in moisture. These shifts correspond with the onset of microbial growth observed in the bacterial count data for the same storage period. The interaction between nutrient loss and microbial proliferation highlights the critical role of both packaging type and frying oil in determining the shelf-life stability of fortified plantain chips.

3.4	Week 6 Proximate Composition of Fortified Plantain Chips 
Table 4 shows the proximate composition of fortified plantain chips after six weeks of storage. At this stage, the results indicate a more pronounced shift in moisture, protein, fat, and carbohydrate contents compared to earlier weeks. Moisture content increased further, ranging from 2.78% to 4.75%. The continued upward trend suggests cumulative absorption of atmospheric humidity due to the permeability of packaging films, particularly the low-density polyethylene sachets. Gharby et al., (2025) previously observed that snacks stored in low-barrier packaging materials undergo significant moisture gain within six weeks, which compromises crispness and creates conditions favorable for microbial spoilage. Similarly, Oyem and Oyem (2025) emphasized that after one month of storage, plantain-based products experience critical moisture increases that accelerate both bacterial and fungal growth. This aligns with your microbial results, which show a marked rise in bacterial counts beginning from week 5–6. Ash content (0.78–2.86%) remained relatively stable, consistent with earlier weeks. Gharby et al., (2025) confirmed that ash values are generally unaffected by storage under ambient conditions, unless mineral leaching occurs. The higher values in pumpkin seed–fortified samples again highlight the mineral contribution of fortification. Protein content declined further to a range of 3.43%–4.95%, reflecting a progressive reduction compared to the baseline and week 2 values. The decline is notable in samples stored in less protective packaging, which corresponds with increased microbial counts. Oyem and Oyem (2025) reported that protein degradation in legume-fortified snacks during storage often results from microbial proteolysis, where bacteria and fungi utilize proteins as substrates under favorable moisture conditions. The decline in protein observed here, therefore, reinforces the link between nutritional loss and microbial proliferation during extended storage.
Fat content (3.14–4.39%) continued to decrease, especially in samples fried with palm oil and unbranded vegetable oil. Lipid oxidation is known to intensify as storage progresses, particularly when packaging does not provide adequate oxygen barriers. Adu et al. (2019) highlighted that groundnut oil possesses superior oxidative stability compared to other common frying oils, which explains the relatively higher fat values observed in groundnut oil–based samples in this study. The observed reductions in fat content may also contribute to the rancidity and flavor deterioration often associated with extended storage of fried snacks. Crude fibre content ranged from 2.03% to 2.56% and showed only minor reductions, indicating that fibre remained the most stable proximate component during storage. This is consistent with the findings of Gharby et al., (2025), who noted that fibre fractions in seed-fortified products are less susceptible to both microbial and oxidative degradation under ambient conditions. Carbohydrate content (79.90–83.75%) declined slightly compared to earlier weeks, particularly in samples that recorded higher microbial growth. According to Oyem and Oyem. (2020), microbial activity in carbohydrate-dense snacks leads to the utilization of simple sugars and subsequent reductions in total carbohydrate values during storage.
Table 4 reveal that by week 6, proximate composition had undergone significant shifts, with higher moisture levels, progressive protein and fat losses, and modest carbohydrate reductions. These changes correspond directly with the bacterial count data, which showed sharp increases at this stage of storage. The findings emphasize that nutritional deterioration and microbial proliferation occur concurrently, and that packaging quality and frying oil type play decisive roles in slowing down these processes.

3.5	Week 8 Proximate Composition Fortified Plantain Chips
As shown in Table 5, by the eighth week of storage the proximate composition of the fortified plantain chips reflected an advanced stage of deterioration compared with earlier results. Moisture content rose to between 2.88% and 4.95%, the highest values recorded during the storage period. This increase is consistent with the findings of Ugwuona et al., (2025), who observed that plantain chips stored under ambient conditions progressively absorbed atmospheric moisture, leading to loss of crispness and increased microbial activity. Similar trends were also noted by Oyem and Oyem (2024), who reported that low-barrier packaging such as polyethylene accelerated moisture uptake in fried snacks. Protein content declined to a range of 3.30%–4.85%, continuing the gradual reductions observed in earlier weeks. This decline aligns with the observations of Gharby (2025), who demonstrated that microbial activity during storage accelerates proteolysis, particularly when moisture levels rise above critical thresholds. The sharper protein losses in unbranded vegetable oil and palm oil samples highlight the role of frying oil in stabilizing nutrients, with groundnut oil offering better protection due to its higher oxidative stability, as also emphasized by Ugwuona, (2025). Fat content, which dropped to 3.10%–4.30% in Table 5, showed clear evidence of lipid oxidation. The pattern reflects what Adu et al. (2019) reported that palm oil and unbranded oils are more prone to rancidity during storage compared to groundnut oil. By week 8, the reduced fat levels likely signaled the onset of rancid flavors, which would further diminish the chips’ acceptability. Ash content (0.75%–2.80%) and fibre content (2.01%–2.52%) remained relatively stable throughout storage. This stability is consistent with the findings of Gharbi et al., (2025), who noted that mineral and fibre fractions in fortified snacks are generally resistant to storage-related degradation. The consistently higher ash levels in pumpkin seed–fortified chips in Table 5 reaffirm the mineral enrichment contribution of this fortificant. Carbohydrate values declined further to between 79.40% and 83.15%, compared with 84–85% in the earlier weeks. This decrease can be attributed to microbial utilization of simple sugars, a trend similarly reported by Adekanbi et al. (2024) in their study of plantain-based snacks. The combined decline in carbohydrate, protein, and fat highlights how nutrient losses accumulate over prolonged storage.  
Taken together, the results in Table 5 confirm that by week eight, fortified plantain chips had reached a stage where both nutritional quality and microbial safety were increasingly compromised. Moisture uptake and fat oxidation emerged as the principal drivers of deterioration, while packaging type and frying oil determined the rate of nutrient loss. These findings are consistent with the broader literature, which emphasizes that high-barrier packaging (Adu et al., 2019) and stable frying oils such as groundnut oil (Oyem and Oyem 2024) are critical for extending the shelf life of fried snacks.
3.6	Bacterial Count of Plantain Chips Packaged in Two Different Media
As shown in Table 6, the bacterial counts of fortified plantain chips were strongly influenced by storage time, packaging material, and frying oil type. At weeks 0–2, no detectable bacterial colonies were recorded across all samples. This initial stability can be explained by the low starting moisture levels reported in Table 1 (2.5–4.2%), which kept water activity below the threshold required for microbial survival. Nina, et al., (2020) similarly observed that plantain chips with low initial moisture exhibited minimal microbial growth in the early weeks of storage. Frying, which subjects chips to high temperatures, would also have reduced the microbial load at baseline, a point confirmed by Akinneye & Aringbangba, (2015), who emphasized that the frying process provides an effective microbial kill step in snack production. By week three, slight bacterial activity became noticeable in certain samples, particularly those packaged in low-density polyethylene (LDPE) and fried with unbranded vegetable oil. This early onset of contamination corresponds with the modest increases in moisture reported in Table 2, where values had risen to as much as 4.3%. According to Wani et al. (2020), even small increases in moisture during storage can compromise the microbial stability of fried snacks by raising water activity and enabling the survival of bacterial spores. The trend observed here supports that view. A more substantial increase in bacterial counts was observed between weeks four and six, particularly in chips packaged in LDPE and fried with palm oil or unbranded oil. For instance, unbranded oil–soybean flour chips (UNPS) and palm oil–watermelon flour chips (BPW) recorded counts between 3.95 × 10⁻⁵ and 6.15 × 10⁻⁵ CFU by week six. This escalation corresponds directly with the proximate changes observed in Table 4, where both protein and fat contents had begun to decline. Yadav et al. (2018) explained that microbial proteolysis and lipid utilization are common once bacterial growth is established, which helps account for the nutrient losses observed at this stage. The most dramatic rise occurred by weeks seven and eight, with bacterial loads peaking at 10.05 × 10⁻⁵ CFU in UNPS samples packaged in LDPE, and similarly high values in other unbranded and palm oil combinations. This coincided with the highest moisture values reported in Table 5 (up to 4.95%), confirming the link between moisture uptake and bacterial proliferation. Adu (2018) reported a similar threshold, noting that plantain-based snacks become highly vulnerable to bacterial growth once storage moisture exceeds 4.5%.
Packaging material played a decisive role throughout. Chips stored in metallized film consistently recorded lower bacterial counts than their LDPE counterparts across all weeks. This finding reinforces the observations of Adu, et al., (2019), who demonstrated that airtight plastic provide superior oxygen and moisture barrier properties compared to polyethylene, thereby slowing microbial growth. In the present study, the protective effect of metallized packaging extended the microbial stability of several treatments by an additional 2–3 weeks compared to LDPE. Frying oil type also influenced microbial stability. Samples fried with groundnut oil (GPP, GPS, GPW) exhibited consistently lower bacterial counts than those fried with palm oil or unbranded oil, even when packaged in LDPE. This advantage is likely due to the higher oxidative stability of groundnut oil, which slows rancidity and reduces the generation of degradation products that can support microbial growth. Adekanmbi et al., (2024) highlighted that groundnut oil resists oxidation better than palm oil or unbranded vegetable oils, providing better preservation of fried snacks during storage.
The results in Table 6 clearly show that bacterial proliferation was minimal during the first four weeks of storage but escalated rapidly from week five onward. This trend correlates strongly with the increases in moisture content documented in Tables 4 and 5, as well as with progressive declines in protein and fat. The data underscore that microbial stability in fortified plantain chips is primarily determined by packaging barrier properties and frying oil stability. Airtight plastic and groundnut oil offered the strongest resistance to bacterial proliferation, while LDPE and unbranded oil combinations supported the fastest microbial growth. By week eight, bacterial counts in several treatments had reached levels that compromise both the safety and sensory acceptability of the chips, suggesting that under ambient storage conditions the effective shelf life of the product may not extend beyond six to seven weeks. 

3.7	Fungal Count of Plantain Chips Packaged in Two Different Media
As presented in Table 7, fungal growth in fortified plantain chips was largely absent during the first six weeks of storage, irrespective of fortificant type, frying oil, or packaging material. This absence can be explained by the low initial moisture content (2.5–4.2% in Table 1) and the high-temperature frying process, both of which reduce water activity and destroy fungal spores. Similar early stability was reported by Adekanmbi, et al., (2024), who observed that seed-fortified snacks with low moisture levels showed no fungal growth during the first month of storage. By week seven, however, fungal colonies began to appear in certain samples, particularly those packaged in low-density polyethylene (LDPE). This coincided with the moisture increases reported in Table 4, where values exceeded 4.3%. Fungi typically require higher water activity than bacteria to establish, and the rise in moisture provided conditions favorable for their development. Adenitan, et al., (2022) emphasized that plantain-based snacks are especially vulnerable to fungal colonization once storage moisture rises above 4.5%, which is consistent with the emergence of colonies in the present study.
At week eight, fungal counts remained relatively low, ranging between 0.05 × 10⁻⁵ and 0.10 × 10⁻⁵ CFU, compared with much higher bacterial counts reported in Table 6. This indicates that bacteria were the dominant spoilage organisms under ambient conditions, while fungi played a secondary role during the first two months of storage. However, the detection of fungi at this stage is significant, as it signals the onset of dual microbial contamination that can accelerate spoilage if storage is prolonged. Adekambi et al. (2024) similarly found that fungal growth in plantain chips increased after the sixth week of storage, correlating with moisture uptake and textural deterioration. Packaging material again proved critical. Chips stored in metallized films showed almost complete inhibition of fungal growth through week eight, whereas those stored in LDPE were more susceptible. This observation supports the findings of Adu, et al. (2019), who demonstrated that high-barrier films reduce both bacterial and fungal contamination by limiting moisture and oxygen ingress. The protective effect of metallized films is particularly important in tropical climates, where high relative humidity accelerates fungal spoilage. Frying oil type also appeared to indirectly influence fungal growth. Samples fried in groundnut oil (GPP, GPS, GPW) and stored in metallized film showed no fungal colonies throughout the eight weeks, while those fried with palm oil and unbranded oils and packaged in LDPE developed detectable counts. This pattern is likely linked to the oxidative stability of the oils. Adenitan, et al., (2022) reported that rancidity by-products from oxidized oils can promote microbial colonization. Thus, the faster deterioration of palm oil and unbranded oils, as documented in Table 5, may have created a more favorable environment for fungal growth compared with groundnut oil.
The results in Table 7 indicate that fungal contamination was delayed compared with bacterial growth, remaining undetectable until after week six. By week eight, counts were still relatively low, but their presence signals the beginning of spoilage processes that, if unchecked, could rapidly compromise product quality. Together with the bacterial data in Table 6, the results highlight that while bacteria drive the early spoilage of fortified plantain chips, fungi gradually emerge as co-contaminants once moisture and oxidative degradation surpass critical levels. Effective control of fungal growth, therefore, depends on the combined use of high-barrier packaging and stable frying oils, as demonstrated by the superior performance of metallized films and groundnut oil in this study.











Table 1:	Week 0 Proximate Composition of Plantain Chips Fortified with Three Selected Flours
	%
	UPP
	UNPS
	UNPW
	BPP
	BPS
	BPW
	GPP
	GPS
	GPW

	Ash 
	1.27±0.12e
	1.27±0.06e
	1.03±0.06f
	3.00±0.10a
	1.70±0.10d
	2.17±0.06c
	1.04±0.06f
	0.83±0.15g
	2.70±0.10b

	Protein 
	4.83±0.06bc
	4.57±0.06d
	3.60±0.10d
	4.93±0.06b
	4.67±0.06cd
	3.70±0.17f
	5.17±0.15a
	4.90±0.10b
	4.20±0.00e

	Fibre 
	2.30±0.17de
	2.70±0.10a
	2.67±0.21ab
	2.43±0.06cd
	2.53±0.12abc
	2.53±0.12abc
	2.13±0.06e
	2.47±0.06bcd
	2.13±0.06e

	Fat 
	4.57±0.06a
	3.88±0.08f
	3.80±0.00f
	4.53±0.06cd
	4.43±0.06c
	3.27±0.06g
	4.10±0.10e
	3.83±0.06f
	4.13±0.06e

	Moisture
	4.20±0.20a
	2.70±0.10d
	3.50±0.10c
	3.50±0.10c
	2.70±0.10d
	3.50±0.10c
	2.70±0.01d
	2.50±0.10e
	3.93±0.06b

	CHO
	82.83±0.12d
	84.88±0.20b
	85.40±0.20a
	81.60±0.17e
	83.97±0.32c
	84.83±0.38b
	84.86±0.06b
	85.50±0.17a
	82.90±0.20d


(Means in a row with different superscript are statistically different at p ≤0.05
Table2:	Week 2 Proximate Composition of Plantain Chips Fortified with Three Selected Flours
	%
	UPP
	UNPS
	UNPW
	BPP
	BPS
	BPW
	GPP
	GPS
	GPW

	Ash
	1.26±0.15e
	1.26±0.15e
	1.02±0.15f
	2.97±0.15a
	1.68±0.15d
	2.15±0.15c
	1.03±0.15f
	0.82±0.15g
	2.67±0.15b

	Protein
	4.78±0.10bc
	4.52±0.10d
	3.56±0.10d
	4.88±0.10b
	4.62±0.10cd
	3.66±0.10f
	5.12±0.10a
	4.85±0.10b
	4.16±0.10e

	Fibre
	2.28±0.04de
	2.67±0.04a
	2.64±0.04ab
	2.41±0.04cd
	2.50±0.04abc
	2.50±0.04abc
	2.11±0.04e
	2.45±0.04bcd
	2.11±0.04e

	Fat
	4.52±0.08a
	3.84±0.08f
	3.76±0.08f
	4.48±0.08cd
	4.39±0.08c
	3.24±0.08g
	4.06±0.08e
	3.79±0.08f
	4.09±0.08e

	Moisture
	4.33±0.15a
	2.78±0.15d
	3.60±0.15c
	3.60±0.15c
	2.78±0.15d
	3.60±0.15c
	2.78±0.15d
	2.58±0.15e
	4.05±0.15b

	CHO
	82.42±0.25d
	84.46±0.25b
	84.97±0.25a
	81.19±0.25e
	83.55±0.25c
	84.41±0.25b
	84.44±0.25b
	85.07±0.25a
	82.49±0.25d


(Means in a row with different superscript are statistically different at p ≤0.05
Table 3:	Week 4 Proximate Composition of Plantain Chips Fortified with Three Selected Flours
	%
	UPP
	UNPS
	UNPW
	BPP
	BPS
	BPW
	GPP
	GPS
	GPW

	Ash
	1.25±0.15e
	1.25±0.15e
	1.01±0.15f
	2.94±0.15a
	1.66±0.15d
	2.13±0.15c
	1.02±0.15f
	0.81±0.15g
	2.64±0.15b

	Protein
	4.73±0.10bc
	4.47±0.10d
	3.52±0.10d
	4.83±0.10b
	4.57±0.10cd
	3.62±0.10f
	5.07±0.10a
	4.80±0.10b
	4.11±0.10e

	Fibre
	2.26±0.04de
	2.64±0.04a
	2.61±0.04ab
	2.39±0.04cd
	2.47±0.04abc
	2.47±0.04abc
	2.09±0.04e
	2.42±0.04bcd
	2.09±0.04e

	Fat
	4.47±0.08a
	3.80±0.08f
	3.72±0.08f
	4.43±0.08cd
	4.35±0.08c
	3.21±0.08g
	4.02±0.08e
	3.75±0.08f
	4.05±0.08e

	Moisture
	4.46±0.15a
	2.86±0.15d
	3.71±0.15c
	3.71±0.15c
	2.86±0.15d
	3.71±0.15c
	2.86±0.15d
	2.66±0.15e
	4.17±0.15b

	CHO
	82.01±0.25d
	84.04±0.25b
	84.54±0.25a
	80.78±0.25e
	83.13±0.25c
	83.99±0.25b
	84.02±0.25b
	84.65±0.25a
	82.08±0.25d


(Means in a row with different superscript are statistically different at p ≤0.05

Table 4:	Week 6 Proximate Composition of Plantain Chips Fortified with Three Selected Flours
	%
	UPP
	UNPS
	UNPW
	BPP
	BPS
	BPW
	GPP
	GPS
	GPW

	Ash
	1.20±0.15e
	1.21±0.15e
	0.98±0.15f
	2.86±0.15a
	1.63±0.15d
	2.07±0.15c
	1.00±0.15f
	0.78±0.15g
	2.57±0.15b

	Protein
	4.65±0.10bc
	4.35±0.10d
	3.43±0.10d
	4.75±0.10b
	4.48±0.10cd
	3.55±0.10f
	4.95±0.10a
	4.73±0.10b
	4.03±0.10e

	Fibre
	2.18±0.04de
	2.56±0.04a
	2.50±0.04ab
	2.32±0.04cd
	2.39±0.04abc
	2.36±0.04abc
	2.03±0.04e
	2.34±0.04bcd
	2.05±0.04e

	Fat
	4.39±0.08a
	3.71±0.08f
	3.64±0.08f
	4.33±0.08cd
	4.25±0.08c
	3.14±0.08g
	3.93±0.08e
	3.65±0.08f
	3.95±0.08e

	Moisture
	4.75±0.15a
	3.01±0.15d
	3.97±0.15c
	3.90±0.15c
	3.00±0.15d
	3.90±0.15c
	3.01±0.15d
	2.78±0.15e
	4.35±0.15b

	CHO
	81.20±0.25d
	83.22±0.25b
	83.65±0.25a
	79.90±0.25e
	82.45±0.25c
	83.10±0.25b
	83.24±0.25b
	83.75±0.25a
	81.25±0.25d


(Means in a row with different superscript are statistically different at p ≤0.05



Table 5:	Week 8 Proximate Composition of Plantain Chips Fortified with Three Selected Flours 
	%
	UPP
	UNPS
	UNPW
	BPP
	BPS
	BPW
	GPP
	GPS
	GPW

	Ash
	1.15±0.15f
	1.18±0.15e
	0.95±0.15g
	2.80±0.15a
	1.60±0.15d
	2.00±0.15c
	0.99±0.15g
	0.75±0.15h
	2.50±0.15b

	Protein
	4.50±0.10c
	4.20±0.10e
	3.30±0.10g
	4.65±0.10b
	4.30±0.10d
	3.45±0.10f
	4.85±0.10a
	4.60±0.10b
	3.90±0.10e

	Fibre
	2.15±0.04de
	2.52±0.04ab
	2.45±0.04bc
	2.30±0.04cd
	2.35±0.04abc
	2.33±0.04abc
	2.01±0.04e
	2.30±0.04cd
	2.03±0.04e

	Fat
	4.30±0.08a
	3.65±0.08f
	3.55±0.08g
	4.25±0.08cd
	4.18±0.08c
	3.10±0.08h
	3.85±0.08e
	3.58±0.08fg
	3.88±0.08e

	Moisture
	4.95±0.15a
	3.15±0.15d
	4.10±0.15c
	4.00±0.15c
	3.10±0.15d
	4.05±0.15c
	3.10±0.15d
	2.88±0.15e
	4.50±0.15b

	CHO
	80.70±0.25d
	82.65±0.25b
	83.05±0.25a
	79.40±0.25e
	81.52±0.25c
	82.35±0.25b
	82.70±0.25b
	83.15±0.25a
	80.74±0.25d


(Means in a row with different superscript are statistically different at p ≤0.05

KEY:
Sample UPP	= Unripe Plantain + Salt + Unbranded oil + pumpkin seed flour
Sample UNPS = Plantain + Salt + Unbranded oil + Soya bean flour
Sample UNPW= Plantain + Salt + Unbranded oil + watermelon seed flour

Sample BPP =  plantain + salt+ bleached Palm Oil + pumpkin  seed flour
Sample BPS =  plantain + salt + bleached Palm Oil + Soya bean flour 
Sample BPW = plantain + salt+ bleached Palm Oil + watermelon seed flour

Sample GPP = plantain + salt+ Groundnut Oil + pumpkin seed flour 
Sample GPS=  plantain + salt+ Groundnut Oil +  Soya bean flour	
Sample GPW = plantain + salt+ Groundnut Oil + watermelon seed flour
Table 6:		Bacterial Count of Plantain Chips Samples Packaged in Two Different Medium 
	10-5CFU
	PKG
	Week 0
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5
	Week 6
	Week 7
	Week 8
	Week 9
	Week 10

	GPW
	1
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00d
	0.30±0.00g
	1.65±0.21e
	8.20±0.00b
	8.45±0.21b
	5.77±0.09c
	0.60±0.14d
	0.2±0.14 a

	
	2
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00b
	0.10±0.00c
	0.80±0.00cd
	2.40±0.57e
	6.35±0.21bc
	9.20±0.28a
	8.95±0.07d
	1.00±0.00ab

	GPP
	1
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.45±0.07bc
	5.55±0.07fg
	6.45±0.07b
	8.45±0.07b
	6.5 ±0.00cde
	5.80±0.00c
	2.55±0.07c
	0.45±0.07a

	
	2
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.10±0.14ab
	1.20±0.1b
	3.25±0.2b
	5.80±0.0d
	6.45±0.07bc
	6.65±0.35c
	5.45±0.21b
	2.75±3.18a

	GPS
	1
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.22±0.42a
	0.58±0.01g
	0.87±0.03e
	1.01±0.02d
	9.90±1.70a
	10.10±0.42a
	0.52±0.02d
	0.35±0.21a

	
	2
	0.00±0.00
	0.00 ± 0.00
	0.00 ± 0.00
	0.45±0.07ab
	0.18±0.01c
	0.53±0.05d
	0.57±0.01f
	0.84±0.05e
	0.89±0.01ef
	0.45±0.06ef
	0.15±0.21b

	BPP
	1
	0.00±0.00
	0.00 ± 0.00
	0.00 ± 0.00
	0.15±0.01d
	0.39±0.01g
	0.65±0.01e
	0.86±0.02d
	0.64±0.01g
	0.37±0.03d
	0.12±0.10e
	0.45±0.07 a

	
	2
	0.00±0.00
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00b
	0.11±0.01c
	0.31±0.02d
	0.87±0.03f
	0.65±0.01e
	0.62±0.01f
	0.16±0.02f
	0.00±0.00b

	BPS
	1
	0.10±0.00
	0.10±0.00
	0.10±0.00
	0.23±0.02cd
	3.85±0.07b
	3.15±.07d
	3.35±0.21c
	0.85±0.04g
	0.93±0.03d
	0.49±0.08d
	0.20±0.00a

	
	2
	0.10±0.00
	0.10±0.00
	0.10±0.00
	0.10±0.00ab
	1.50±0.00ab
	1.52±0.02c
	0.93±0.03f
	0.86±0.02e
	0.86±0.03ef
	0.48±0.01e
	0.05±0.07b

	BPW
	1
	0.10±0.00
	0.10±0.00
	0.10±0.00
	0.15±0.07d
	4.95±0.64cd
	6.15±0.07bc
	8.05±1.2b
	6.50±0.28cde
	5.30±0.14c
	0.55±0.01d
	0.15±0.07a

	
	2
	0.10±0.00
	0.10±0.00
	0.10±0.00
	0.10±0.00ab
	1.2±0.14ab
	3.95±0.21b
	7.80±0.57c
	6.50±0.28bc
	5.00±0.85d
	0.46±0.01ef
	0.10±0.00b

	UNPW
	1
	0.00±0.00
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00d
	5.60±0.14g
	5.80±0.14bc
	8.50±0.57b
	5.40±0.42def
	4.80±0.14c
	0.56±0.01d
	0.50±0.57a

	
	2
	0.00±0.00
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00b
	1.65±0.07ab
	3.85±0.92b
	8.80±0.14b
	5.85±0.35c
	4.50±0.28d
	0.47±0.06ef
	0.25±0.35b

	UPP
	1
	0.00±0.00
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00d
	4.20±0.28bc
	6.15±0.35bc
	8.15±0.35b
	6.10±0.28de
	5.40±0.14c
	5.40±0.00a
	0.35±0.07a

	
	2
	0.00±0.00
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00b
	1.50±0.57ab
	4.0±0.28b
	8.40±0.14bc
	6.25±0.50bc
	4.65±0.07d
	4.65±0.35c
	0.25±0.35b

	UNPS
	1
	0.00±0.00
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00d
	4.60±0.00cd
	7.55±0.35a
	10.05±0.3a
	7.55±0.35bc
	6.95±1.34b
	4.45±0.21b
	0.35±0.55a

	
	2
	0.00±0.00
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00b
	1.80±0.28a
	5.20±0.42a
	10.25±0.5a
	7.80±0.14a
	7.45±0.64b
	4.00±0.14d
	0.30±0.28b


(Means in a column with different superscript are statistically different at p ≤0.05
Table 7:	Fungal Count of Plantain Chips Samples Using Different Packages in the Assessment of Their Shelf Life
	10-5 CFU
	PKG
	Week 0
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5
	Week 6
	Week 7
	Week 8
	Week 9
	Week 10

	GPW
	1
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.05±0.07a

	
	2
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	GPP
	1
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	
	2
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	GPS
	1
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	
	2
	0.00 ± 0.00
	0.00 ± 0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	BPP
	1
	0.00 ± 0.00
	0.00 ± 0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	
	2
	0.00 ± 0.00
	0.00 ± 0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	BPS
	1
	0.10±0.00
	0.10±0.00
	0.10±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.10±0.00b

	
	2
	0.10±0.00
	0.10±0.00
	0.10±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.05±0.07a

	BPW
	1
	0.10±0.00
	0.10±0.00
	0.10±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	
	2
	0.10±0.00
	0.10±0.00
	0.10±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	UNPW
	1
	0.00 ± 0.00
	0.00 ± 0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.05±0.07a

	
	2
	0.00 ± 0.00
	0.00 ± 0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.05±0.07a

	UPP
	1
	0.00±0.00
	0.00 ± 0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	
	2
	0.00±0.00
	0.00 ± 0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	UNPS
	1
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.05±0.07a

	
	2
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.05±0.07a


(Means in a column with different superscript are statistically different at p ≤0.05)

KEY:
PKG= Package media
1= Package 1			2= Package 2
Sample UNP=Unripe Plantain + Salt + Unbranded oil 
Sample UPP= sample UNP + pumpkin seed flour at 4% (20g)
Sample UNPS  = sample UNP + Soya bean flour at 4% (20g)
Sample UNPW = sample UNP + watermelon seed flour at 4% (20g)
Sample BP =	plantain + salt	+ bleached Palm Oil	
Sample BPP =  sample BP + pumpkin seed flour at 4% (20g)
Sample BPS =  sample BP + Soya bean flour at 4% (20g)
Sample BPW = sample BP + watermelon seed flour at 4% (20g)
Sample GP =	plantain + salt	+ Groundnut Oil
Sample GPP = Sample GP + pumpkin flour at 4% (20g)
Sample GPS = Sample GP +  Soya bean flour at 4% (20g)	
Sample GPW = Sample GP + watermelon seed flour at 4% (20g)



3.8	Shelf-Life Stability of Fortified Plantain Chips Packaged in Different Materials 
The results presented across Tables 1–7 provide a comprehensive picture of the proximate and microbial stability of fortified plantain chips during ten weeks of ambient storage. Taken together, the data demonstrate the complex interactions between fortification type, frying oil, packaging material, and storage duration in determining the nutritional quality, safety, and shelf-life of the product. At the baseline (Table 1), fortification with pumpkin, soybean, and watermelon seed flours significantly improved the nutritional profile of plantain chips, increasing protein, fibre, and ash contents relative to conventional chips. These improvements are consistent with reports by Jaroszewska et al. (2023) and Udomkun et al. (2021), who documented that seed flours contribute essential nutrients without compromising sensory quality. However, as storage progressed (Tables 2–5), proximate composition began to show measurable deterioration. Moisture content steadily increased from 2.5–4.2% at week 0 to 4.95% by week 8, a rise that directly influenced microbial growth and textural decline, echoing the findings of Adekanmbi, et al. (2024) and Adelekan et al. (2019). Protein and fat contents were particularly sensitive to storage changes. Protein declined progressively from 3.60–5.17% at baseline to 3.30–4.85% by week 8, largely due to microbial proteolysis as moisture levels rose, consistent with the mechanisms described by Dada, et al. (2017). Fat content also declined steadily, reflecting lipid oxidation, with sharper losses in palm oil and unbranded oil–fried samples compared to groundnut oil. This pattern supports the work of Adeyeye, et al. (2019), who emphasized that groundnut oil provides superior oxidative stability and slower rancidity development. Ash and fibre contents remained relatively stable, in agreement with the reports of Udomkun et al. (2021), while carbohydrates declined modestly, reflecting microbial utilization of sugars during storage (Nina, et al., 2020). The microbial results in Tables 6 and 7 confirm that nutrient losses correspond with increasing microbial loads. Bacterial growth was negligible up to week 2 but began rising by week 3 in LDPE-packaged samples, becoming pronounced after week 5 and peaking around week 8 at levels exceeding 10.05 × 10⁻⁵ CFU in some treatments. This escalation directly mirrored the moisture increases in Tables 4 and 5, underscoring moisture as the primary driver of bacterial spoilage, a relationship also emphasized by Adekanmbi et al. (2024). Fungal growth was slower to emerge, absent until week 6 but detectable by week 7 in LDPE samples, confirming that fungi require higher water activity to colonize, as observed by Oloyede et al. (2024); Adelekan et al. (2019). By week 8, fungal counts remained low compared with bacterial counts but indicated the onset of dual microbial challenges that would accelerate spoilage if storage were extended. Across all tables, two consistent protective factors emerged: packaging and frying oil. Metallized films provided strong protection against both nutrient loss and microbial growth, while LDPE permitted rapid deterioration, echoing the findings of Akinneye and Aringbangba (2015). Similarly, groundnut oil consistently outperformed palm oil and unbranded vegetable oil in slowing lipid oxidation and indirectly suppressing microbial proliferation. Fortification type influenced baseline nutrient values, with pumpkin seed flour contributing higher ash and soybean flour contributing higher fibre, but fortification alone did not prevent nutrient and microbial deterioration during extended storage.
Overall, the synthesis of Tables 1–7 highlights that while fortification with seed flours improved the nutritional quality of plantain chips at baseline, shelf-life stability under ambient storage was limited by moisture uptake, fat oxidation, and microbial proliferation. Effective preservation depended critically on the use of stable frying oils and high-barrier packaging. Without these interventions, fortified plantain chips stored in LDPE and fried with unstable oils were already showing compromised safety and nutritional quality by week 6–8, making them unsuitable for hospitality markets. By contrast, chips fried in groundnut oil and packaged in metallized film retained better proximate and microbial stability, indicating their potential for extended shelf life and broader market acceptance.
4. Conclusion
This study investigated the shelf-life stability of plantain chips fortified with pumpkin seed, soybean, and watermelon seed flours, fried in different oils, and packaged in two packaging materials under ambient storage for ten weeks. The findings demonstrate that fortification significantly improved the nutritional profile of plantain chips at baseline, particularly in protein, fibre, and mineral contents. However, storage stability was strongly affected by moisture uptake, lipid oxidation, and microbial proliferation. Proximate data across the storage period showed progressive increases in moisture and corresponding declines in protein, fat, and carbohydrate contents, with nutrient losses becoming pronounced by week six and severe by week eight. Microbial results revealed that bacterial proliferation was the dominant spoilage pathway, increasing sharply after week five, while fungal contamination became detectable after week six but remained secondary up to week eight. Packaging and frying oil emerged as the most decisive factors influencing shelf stability. Chips stored in metallized films consistently maintained lower moisture uptake, higher nutrient retention, and reduced microbial counts compared to those in low-density polyethylene. Similarly, groundnut oil provided superior oxidative stability, slowing rancidity and indirectly reducing microbial growth, while palm oil and unbranded oils accelerated nutrient loss and microbial spoilage. Although fortification enriched the nutritional composition, it did not by itself prevent deterioration during prolonged storage.
In summary, the study concludes that under ambient tropical storage conditions, fortified plantain chips have an effective shelf life of approximately six weeks in LDPE packaging but can be extended closer to eight to ten weeks with the combined use of airtight plastic container and groundnut oil. These findings provide clear direction for enhancing the commercial potential of fortified plantain chips in both local markets and hospitality services.

4.1	Recommendations
For Small and Medium-Scale Processors: Adopt groundnut oil for frying fortified plantain chips, as it offers better oxidative stability and prolongs product quality compared to palm oil and unbranded vegetable oils. Invest in metallized film packaging or other high-barrier packaging materials to reduce moisture uptake and microbial contamination, ensuring longer shelf life and improved consumer acceptability. Limit storage of chips in low-barrier packaging (LDPE) to no longer than six weeks, as products begin to show significant nutrient and microbial deterioration beyond this period.
For the Hospitality Industry: Incorporate fortified plantain chips packaged in metallized films into menus and retail services, as they retain nutritional quality and microbial safety for extended periods, making them suitable for formal hospitality settings. Implement proper inventory and storage practices, avoiding prolonged ambient storage of chips packaged in LDPE to maintain product quality for guests and clients. Explore fortified chips as a healthier alternative to conventional carbohydrate-dense snacks, thereby contributing to improved dietary diversity in hospitality services.

For Consumer Health and Nutrition: Encourage consumption of fortified plantain chips as a nutritionally superior option compared to conventional chips, owing to their higher protein, fibre, and mineral content. Promote awareness about the influence of packaging on food quality and safety, highlighting that chips in metallized films are safer and of higher nutritional value during extended storage. Recognize that even fortified chips have limited shelf stability under ambient storage, and therefore consumers should prioritize freshness and proper storage practices to minimize risks of microbial contamination and rancidity.
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