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Abstract Food packaging is critical for sustaining nutritional and functional quality of stored food. Polyethylene serves as a major 

packaging material in food industries. However, empirical evidence regarding how specific polyethylene characteristics dictate 

micronutrient stability during storage remains scarce. This study evaluated the effects of polyethylene color (black vs. transparent) 

and gauge thickness (0.03 mm vs. 0.15 mm) on the retention of essential minerals (Fe, Ca, Zn, P), vitamins, and antioxidant 

properties in stored plantain flour. French plantain (Musa paradisiaca) fruits were obtained, processed into flour. Samples of flour 

were packaged and stored under ambient conditions of 25 ± 5 ℃ temperature and 75 ± 5% relative humidity for 4 weeks in the 

laboratory. After the storage period, standard assays were used to quantify Fe, Ca, Zn, P, vitamins, and antioxidant properties in 

stored plantain flour. The results showed that both packaging color and thickness significantly influenced (p < 0.05) nutrient retention 

in the stored flours. Vitamin B6 was better preserved in black high-density polyethylene (BHP), whereas vitamin B9 stability was 

maximized in transparent high-density polyethylene (THP). Flour stored in transparent low-density polyethylene (TLP) exhibited the 

highest 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity (664.65 mg/kg) but the lowest total phenolic content 

(36.86 mg/kg). The preservation of Fe, Ca, and P was observed to be better in BHP. These findings demonstrate that no single 

packaging configuration optimally preserved the entire nutritional indices monitored; rather, packaging optimization must be 

strategically aligned with the specific target micronutrients of interest. 
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1 Introduction 

Plantain (Musa paradisiaca) serves as a foundational staple crop across tropical and subtropical regions, 

particularly within West and Central Africa, the Caribbean, and South America (Ajijolakewu et al., 2021). The 

crop is vital to household food security, rural and peri-urban economic sustainability (Abiola et al., 2024). 

Plantains are regularly converted into various value-added products, including pastes, chips, and flours (Udomkun 

et al., 2021). Plantain flour has attracted considerable research and commercial interest due to its prolonged shelf 

stability, ease of transportation, nutritional value and versatility in food formulation (Mundéné‐Timothée et al., 

2025). Notably, it represents a functionally viable gluten-free alternative to wheat flour and is extensively utilized 

in traditional thick pastes (“swallow”), porridges, and functional bakery products. Moreover, its low glycemic 

content makes it appealing to diabetic patients (Mundéné‐Timothée et al., 2025). 

Biochemically, plantain is a rich matrix of carbohydrates, dietary fiber, essential minerals, and diverse bioactive 

compounds. It contains structurally and metabolically significant concentrations of iron (Fe), calcium (Ca), zinc 

(Zn), and phosphorus (P), which modulate hematopoiesis, skeletal mineralization, enzymatic catalysis, and 

systemic metabolic homeostasis (Rotimi and Adeyemi, 2023a). Plantain fruit is rich in nutrients, it provides 

carbohydrates, dietary fiber, vitamins A, C, and B6, and vital minerals like potassium and magnesium (Emmanuel 

et al., 2025; Taak and Awasthi, 2025). Beyond basic nutrition, plantains are exceptionally high in bioactive 

antioxidants, including carotenoids, flavonoids, and vitamin C. These powerful compounds combat oxidative 

stress by neutralizing harmful free radicals in the body, protecting cells from damage. Consequently, regular 
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consumption helps reduce the risk of chronic illnesses such as cardiovascular disease and inflammation (Oladele 

and Adefegha, 2022). Furthermore, the matrix contains essential micronutrients, predominantly B-complex 

vitamins such as pyridoxine (vitamin B6) and folate (vitamin B9), which act as critical coenzymes in cellular 

metabolism and neurological functions (Oyeyinka and Afolayan, 2020). The presence of endogenous phenolic 

compounds imparts distinct antioxidant activity, neutralizing reactive oxygen species (ROS) and potentially 

mitigating oxidative stress-linked chronic pathologies (Rotimi and Adeyemi, 2023b). However, this nourishing 

food is highly susceptible to post-harvest handling, processing modalities, and environmental dynamics during 

storage (Ofosu et al., 2023). 

In developing nations, post-harvest plantain losses remain critically high, driven by elevated initial moisture 

content, rapid senescent physiology, and susceptibility to microbial spoilage. Consequently, processing fresh pulp 

into shelf-stable flour is widely deployed as a post-harvest mitigation strategy (Pathare and Al-Dairi, 2022). 

Dehydration and subsequent particle size reduction diminish water activity (aw), thereby suppressing microbial 

proliferation and extending physical shelf life. Nevertheless, dehydrated plantain flour matrices remain highly 

susceptible to micronutrient degradation during storage (Mundéné‐Timothée et al., 2025). Photo-exposure, 

atmospheric oxygen, ambient relative humidity, and thermal fluctuations trigger the oxidative degradation of 

labile vitamins and systematically diminish radical scavenging capacity (Lalita et al., 2025). These biochemical 

transformations concurrently degrade the product’s nutritional profile, functional properties, and organoleptic 

quality. 

Sarkar and Kuna (2020) established that packaging configurations dictate the degree of product isolation from 

destructive vectors and some environmental factors. Polyethylene polymers are preferentially utilized as packing 

material globally in food supply chains due to their cost-effectiveness, low density, mechanical flexibility, and 

commercial accessibility (Saha et al., 2022). In small- and medium-scale food processing systems, particularly in 

low-resource settings, simple polyethylene bags are commonly used to package flours and dry food products 

(Garavito et al., 2024). Polyethylene films vary widely in color, thickness, light transmission and gas permeability. 

These properties influence energy transfer and biochemical processes in the packaged materials. 

While many studies have documented the effects of storage kinetics on cereal and tuber flour quality (Solano and 

de Gante, 2014; Hemery et al., 2020; Awol et al., 2024), there is a paucity of data and literature, elucidating how 

discrete polyethylene characteristics influence the micronutrient retention in stored plantain flour. This research is 

therefore aimed at investigating the effects of the color and thickness of polyethylene on some vitamins and 

minerals retention in plantain flour, packed in polythene bags (of different colors and thickness) and stored in the 

laboratory environment for 4 weeks. 

2 Results 

The results of the effects of different polyethylene packaging materials on vitamin A, B6 and B9 preservation are 

shown in Table 1. The highest quantity (4 147.03 mg/kg) of preserved vitamin A in the stored flour was observed 

in the flour packed in TLP, although this quantity (4 147.03 mg/kg) was not statistically different from 4 033.99 

and 3 929.31 mg/kg quantities of vitamin A observed in flour stored in THP and BLP respectively. Black 

high-density polyethylene bag preserved vitamin B6 better than the other packaging materials (TLP, THP and BLP) 

used. Flour stored in TLP, THP and BLP recorded 6.15, 9.72 and 8.78 mg/kg vitamin B6 respectively. These 

values (6.15, 9.72 and 8.78 mg/kg) were significantly lower than 10.77 mg/kg recorded in flour stored in BHP. 

Vitamin B9 preservation was significantly higher in flour stored in THP. 

The results of the effect of colour and thickness of polyethylene packaging films on the DPPH content of stored 

plantain flour are presented in Figure 1. The highest DPPH was observed in flour stored in TLP. Flour stored in 

THP, BLP and BHP recorded 499.77, 597.58 and 396.67 mg/kg of DPPH respectively and these values were 

significantly lower than 664.65 mg/kg recorded in flour packed in TLP. 
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Table 1 The vitamin contents of the packaged and stored plantain flour compared with the baseline 

Packaging Material Vitamin A Vitamin B6 Vitamin B9 

Baseline 7692.74 ± 13.03c 24.51 ± 0.54e 55.63 ± 1.33e 

TLP 4147.03 ± 99.33b 6.15 ± 0.10a 22.50 ± 0.54c 

THP 3929.31 ± 94.11b 9.72 ± 0.19c 26.09 ± 0.63d 

BLP 4033.99 ± 96.59b 8.78 ± 0.16b 15.23 ± 0.37b 

BHP 3587.18 ± 85.92a 10.77 ± 0.21d 11.94 ± 0.29a 

Note: Means followed by the same superscript letter within the same column are not significantly different (P > 0.05) according to 

Duncan’s multiple range test. TLP: Transparent Low-Density Polyethylene, THP: Transparent High-Density Polyethylene, BLP: 

Black Low-Density Polyethylene, BHP: Black High-Density Polyethylene 

 

Figure 1 The DPPH content of the packaged and stored plantain flour compared with the baseline 

Image caption: Bars with the same superscript letter are not significantly different (P > 0.05) according to Duncan’s multiple range 

test. TLP: Transparent Low-Density Polyethylene, THP: Transparent High-Density Polyethylene, BLP: Black Low-Density 

Polyethylene, BHP: Black High-Density Polyethylene 

The phenolic content of the stored flour varied across the packing material and was significantly lower when 

compared with the phenolic content of the baseline (flour before packaging and storage). At 4 weeks of storage, 

flour stored in TLP, THP, BLP and BHP recorded values of 36.86, 54.98, 44.23 and 66.34 mg/kg respectively 

(Figure 2). 

 

Figure 2 The Phenol content of the packaged and stored plantain flour compared with the baseline 

Image caption: Bars with the same superscript letter are not significantly different (P > 0.05) according to Duncan’s multiple range 

test. TLP: Transparent Low-Density Polyethylene, THP: Transparent High-Density Polyethylene, BLP: Black Low-Density 

Polyethylene, BHP: Black High-Density Polyethylene 
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The effects of colour and thickness of polyethylene packs on the retention of Fe, P, Ca and Zn in stored plantain 

flour are described in Table 2. The results show that mineral contents of the stored plantain flour decreases with 

time. Moreover, flour packed in BHP recorded 1.11, 697.27 and 20.5 mg/kg values of Fe, P and Ca respectively. 

The calcium and phosphorus retained in flour stored in BHP were significantly higher. Similarly, the Zn retention 

in the flour stored in TLP polyethylene is significantly higher than Zn contents of flour stored in THP, BLP and 

BHP. The amount of Zn retained in flour stored in THP, BLP and BHP were 0.92, 0.10 and 0.73 mg/kg 

respectively. 

Table 2 The mineral content of the packaged and stored plantain flour compared with the baseline 

Packaging material Fe (mg/kg) P (mg/kg) Ca (mg/kg) Zn (mg/kg) 

Baseline 2.61 ± 0.71a 709.77 ± 28.10d 24.6 ± 0.72e 1.83 ± 0.14d 

TLP 0.82 ± 0.00b 571.37 ± 14.47c 10.1 ± 0.14a 1.13 ± 0.00c 

THP 0.80 ± 0.00b 470.66 ± 12.06b 17.7 ± 0.14c 0.92 ± 0.00b 

BLP 0.63 ± 0.00b 420.30 ± 10.86a 16.1 ± 0.14b 0.10 ± 0.00bc 

BHP 1.11 ± 0.00b 697.27 ± 17.49d 20.5 ± 0.14d 0.73 ± 0.00a 

Note: Means followed by the same superscript letter within the same column are not significantly different (P > 0.05) according to 

Duncan’s multiple range test. TLP: Transparent Low-Density Polyethylene, THP: Transparent High-Density Polyethylene, BLP: 

Black Low-Density Polyethylene, BHP: Black High-Density Polyethylene 

3 Discussion 

Polyethylene material is widely used as a mechanical barrier to micro-organisms and macro-organisms causing 

spoilage to food. Polyethylene also provides a barrier to some abiotic materials such as light, wind, water etc. that 

are capable of causing spoilage to food. The characteristics of the polyethylene may have direct significant effects 

on the protective properties of stored food. Luangtana-anan et al. (2017) reported an enhancement of moisture 

protective properties and stability of pectin via plastic protection. The investigation of the different properties of 

polyethylene revealed that the properties of the polyethylene have different effects on the retention of the 

nutritional composition of the stored plantain flour. Vitamin A retention in the plantain flour was favored by 

transparent low-density polyethylene (TLP). The heat production of TLP might be lower when compared to other 

polyethylene types considered for storage and this might have contributed to the retention of vitamin A in the flour 

stored in it. This observation is consistent with the report of Anand et al. (2022), who reported that plant vitamin A, 

β-carotene are heat-labile therefore its preservation must be in low heat environment. Black high-density 

polyethylene retains the highest amount of vitamin B6. Plant vitamin B6 (pyridoxine) has been reported to be light 

sensitive (Gorelova et al., 2022). The black colour of the BHP might have aided the barrier of the plastic to light 

energy to preserve pyridoxine better than the other types of the polyethylene examined.  

Vitamin B9 (folate) is highly water-soluble and is important for DNA synthesis and cell division. The observation 

of the preservation of folate in the plantain flour packaged in THP (showed the highest folate retention) is slightly 

contradictory to the report of Liu et al. (2022) who reported that folate is sensitive to photooxidation. Although 

THP might have favoured folate preservation via heat reduction; owing to the fact that transparent materials could 

be poor radiator of heat energy (Salimian and Onwukwe, 2023). 

Increase in antioxidant activities was also observed in all the polyethylene used (observed through increase in 

DPPH). High density of the polyethylene could have influenced the production of DPPH positively thereby 

extending the shelf life of the stored flour. A report by Rojas‐Lema et al. (2021) indicated that high density 

polyethylene favors antioxidant activities in stored food. Although the antioxidant activities were observed to an 

increase in all plantain flour samples packed in polyethylene, it was also observed that the phenolic content of the 

flour reduced greatly. The phenol in the flour might have been highly susceptible to degradation forming new 

products in the period of storage in the polyethylene, this could have resulted in the reduction in its quantity 

(Rojas‐Lema et al., 2021). Similarly, Liang et al. (2023) reported a significant decrease in the phenolic contents of 

some fermented foods in the process of antioxidant activities in food. The increase in the DPPH could have also 
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been as a result of some of the products from the breakdown of phenolic compounds involvement in the 

scavenging activities of free radicals that could cause spoilage of the stored flour (Ali et al., 2022). 

Iron, calcium, zinc, and phosphorus are vital minerals essential for human health. Iron is crucial for oxygen 

transport in the blood and energy metabolism. Calcium supports strong bones and teeth, muscle function, and 

nerve signaling (Soetan et al., 2010). Zinc plays a key role in immune function, wound healing, and enzyme 

activity. Phosphorus is important for bone mineralization, energy production through ATP, and cell membrane 

integrity. Adequate intake of these minerals through food is necessary to prevent deficiencies, support growth, 

maintain physiological functions, and promote overall well-being (Serna and Bergwitz, 2020). The preservation of 

iron, calcium and phosphorus in plantain flour was observed to be better in BHP, this might be as a result of the 

black colour of the BHP reducing photo-oxidation of these elements as earlier reported (Wang et al., 2022). 

4 Conclusion 

The colour and thickness of polyethylene packaging materials significantly influence the retention of minerals, 

vitamins, and antioxidant properties of stored plantain flour. Across all treatments, storage resulted in measurable 

nutrient losses compared with baseline values; however, the extent of degradation varied with packaging 

characteristics. Transparent low-density polyethylene (TLP) favoured the retention of vitamin A and zinc and 

exhibited the highest DPPH antioxidant activity, suggesting enhanced radical scavenging potential under this 

packaging condition. In contrast, black high-density polyethylene (BHP) provided superior protection for vitamin 

B6 and key minerals such as iron, calcium, and phosphorus, highlighting the role of increased thickness and 

reduced light permeability in limiting nutrient degradation. Vitamin B9 was best preserved in transparent 

high-density polyethylene (THP), indicating that both density and optical properties interact to affect nutrient 

stability. Although antioxidant activity increased during storage, a concurrent decline in total phenolic content 

suggests phenolic degradation or transformation into other antioxidant compounds over time. Overall, the findings 

confirm that no single packaging material optimally preserves all nutrients; rather, packaging choice should be 

guided by the target nutritional components of interest. The study underscores the importance of selecting 

appropriate polyethylene colour and thickness to enhance shelf life, maintain nutritional quality, and support food 

security in plantain flour processing and storage systems, particularly in low-resource settings. 

5 Materials and Methods 

The unripe French plantain (Musa paradisiaca) fruits used for this research were of the same species and sourced 

from a local farm at Ikere, Ekiti State, Nigeria. The French plantain is called “Ogede agbagba” in Yoruba 

language. It is characterized by a complete, dense bunch carrying many hands and numerous smaller fingers, 

topped with a large, persistent male bud at maturity (Orluchukwu and Ogburia, 2014). The fruits were carefully 

sorted so that those used for the experiment were devoid of visible phytopathogenic defects and of length 20 ± 5 

cm. The fruits were manually de-skinned, and the remaining pulp matrices were systematically sliced into small 

pieces to accelerate sun drying. The pulp slices were subjected to conventional open-air solar drying until they 

reached constant weight equilibrium and were subsequently pulverized using a heavy-duty 750-watt Solitaire 

Mixer Grinder. The powder was allowed to be thermally stable to ambient temperature. The resulting flour was 

passed through a standard 250 µm sieve to remove extraneous particulate matter, fibrous fractions, and oversized 

plantain particles. 

5.1 Experimental design and storage conditions 

The packaging bags used for this experiment were of polythene materials and measured 15 cm by 15 cm. The 

bags were categorized into four distinct groups based on pigment profile (transparent and black) and thickness 

{0.03 mm (low-density polyethylene) and 0.15 mm (high-density polyethylene)}. The bags were divided into four 

groups: transparent low-density polyethylene (TLP), transparent high-density polyethylene (THP), black 

low-density polyethylene (BLP) and black high-density polyethylene (BHP). Aliquots of 50 g of the processed 

plantain flour were measured using electronic scale weighing balance (LCD type) and transferred into each type 

of polythene bag in triplicates, making a total of 12 bags of 50 g plantain flour. Samples of the flour were 

analyzed for minerals (Fe, Ca, Zn and P), vitamins (A, B6 and B9) and antioxidant properties (total phenolic 
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content (TPC) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) measurement) at the beginning of the storage, to serve 

as control/baseline experiments. The packed polythene bags containing 50 g plantain flour were carefully placed 

on table so that approximately equal amount of white light can reach the twelve bags in the laboratory of Food 

Science and Technology Department, Bamidele Olumilua University of Education, Science and Technology, 

Ikere-Ekiti for 4 weeks. At 4 weeks of storage, samples were analyzed for minerals, vitamins and antioxidant 

properties. 

Analytical reagents and polyethylene used were of analytical grade, sourced via Bisolamb Chemical and Pascal 

Scientific Equipment networks. 

5.2 Minerals quantification  

From each sample, 10 g was weighed into a crucible and ashed in a furnace at 600 °C for 8 h. The ash obtained 

was brought to 25 mL with HNO3 0.5 N under continuous stirring until the ash completely dissolved in the acid. 

Out of the product obtained, 1:10 dilutions were made in order to determine Fe, P, Ca and Zn. Atomic absorption 

spectrophotometry was used to determine Fe, Ca, and Zn. The determination was made using a “control AA 300” 

atomic absorption spectrophotometer with C2H2/air flame type. The standard solution was made with distilled 

water. The quantity of each metal was determined using the formula: Me = mme x (25/mp) x D [mg/kg] where Me 

= the quantity of metal contained, in mg/kg; mme = the quantity of metal read at the spectrophotometer, in mg/L; 

25 = the volume of the solution of HNO3 0.5 N, in mL; mp = the mass of the sample for analysis (10 g), in g; D = 

the dilution of the sample (1:10) (Nicoleta et al., 2006). 

Phosphorus was determined and quantified by UV-Vis spectrophotometry (colorimetric method using Murphy 

and Riley reagents), and absorbance measurement at 660 nm wavelength. The results were expressed as mg P/kg 

of flour using a phosphorus standard curve (Salami et al., 2018). 

5.3 Vitamins  

Vitamin A quantification was done by measuring 0.2 g of the sample, 6 mL of ethanol and 0.6 mL of 5 % KOH 

into a test tube. The test tube was plugged with cotton wool and boiled for 25 min. 6 mL of distilled water was 

added. Hexane was then added to the water to separate vitamin A. The absorbance was measured at 400 nm using 

spectrophotometer (Kumar and Kamboj, 2021). 

Also, for vitamin B6 measurement, 0.5 g of the sample was weighed into a test tube. 2 mL of 0.1 M sodium 

carbonate was added and shaken vigorously for 30 min. 100 mL of Folin was added and then the absorbance was 

measured at 580 nm using spectrophotometer (Khudhair et al., 2019).  

For vitamin B9 measurement, 0.2 g of the sample was measured into a test tube. Two milliliters (2 mL) of KMnO4 

was added, and the mixture was left for 1 min. 2 mL of sodium nitrate was added to the mixture followed by 2 mL 

of 5% HCl, the mixture was shaken gently. 2 mL of sulphuric acid (5%) was then added as well as 2 mL of 

sodium acetate. The whole mixture was stirred and allowed to stand for 10 min. Finally, 2 mL of Azo dye (0.1%) 

was added to the mixture and allowed to stand for 10 min. Then the absorbance was measured at 550 nm. The 

quantity was determined using a standard curve (Najm et al., 2022). 

5.4 Antioxidant measurement  

The total phenolic content (TPC) in the sample was determined by using the method as described by 

Folin-Ciocalteu. The phenol in the food sample was extracted using methanol. The extracted mixture was allowed 

to incubate for 30 min after the addition of 1 mL of Folin-Ciocalteu and 1 mL of 0.5 M Na2CO3. The absorbance 

of the incubated mixture was measured at 750 nm and expressed in mg gallic acid equivalent (GAE) per gram of 

flour (Li et al., 2015).  

The antioxidant 2,2-diphenyl-1-picrylhydrazyl, 0.5 mL of methanolic extract of plantain flour was mixed with 

DPPH solution and then kept in a dark place for 30 min (a purple chemical). If antioxidants are present, the purple 

colour fades. The change in colour was measured to know the antioxidant activity. After 30 min of incubation in 

the dark, absorbance was measured at 517 nm using a UV-Vis spectrophotometer (Sherma, 2017). 
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5.5 Statistical analysis 

The data obtained from the results of the experiments were subjected to analysis of variance using IBM Statistical 

Package for the Social Sciences (SPSS) version 27. The means of the three replicates were separated from other 

treatment for significant difference using Duncan’s multiple range test. 
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