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ABSTRACT 

	This study investigated the effectiveness of banana leaf wax as a natural water-repellent treatment across different fabric types, aiming to provide a sustainable and cost-effective alternative to conventional chemical finishes. Specifically, the research compared three categories of fabric: natural, synthetic, and mixed-blend, each subjected to three treatment conditions: no coating (T1), three coats (T2), and five coats (T3) of banana leaf wax. The study employed an experimental and quantitative research design to evaluate water repellency performance and acceptability. Data were collected through a survey administered to 2nd- and 3rd-year Garments and Fashion Design students in one of the universities in Cebu, Philippines, and garment workers. Statistical analyses, including mean, standard deviation, one-way analysis of variance (ANOVA), and Scheffé post hoc test at a 0.01 level of significance, were used to determine differences among treatments. Results revealed statistically significant differences among treatments across all fabric types. For natural fabric, ANOVA results showed a significant effect, F(2, 117) = 549.10, p < 0.001, with Scheffé test confirming significant differences. Similarly, synthetic fabric yielded F(2, 117) = 561.10, p < 0.001, while mixed-blend fabric exhibited the highest variation, F(2, 117) = 1075.77, p < 0.001, indicating strong evidence that treatment type significantly affects water repellency performance. Post hoc comparisons consistently showed that the five-coat treatment (T3) significantly outperformed both untreated (T1) and three-coat (T2) applications in all fabric categories. Overall, findings demonstrated that increasing the number of banana leaf wax coatings significantly enhances water repellency regardless of fabric type. Among all treatments, the five-coat application was the most effective method, confirming that thicker wax layering improves hydrophobic properties without compromising fabric acceptability. This study highlights the potential of banana leaf wax as an eco-friendly and sustainable textile finish applicable to various fabric types, contributing to the advancement of natural alternatives in textile processing.
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1. INTRODUCTION 

Cotton remains one of the most globally recognized natural textiles, primarily due to its superior air permeability, which ensures user comfort and breathability. In the Philippine context, cotton cultivation has spanned several centuries, as the fiber is uniquely suited to the archipelago’s humid tropical climate. Despite these advantages, cotton’s inherent physical properties present significant challenges for both industrial applications and daily consumer use. Specifically, the material is highly susceptible to water penetration. Continuous exposure to moisture, coupled with the rigorous mechanical stress of frequent laundering and drying cycles, compromises the structural integrity of the fibers. This leads to a gradual weakening of the fabric’s tensile strength, ultimately reducing the functional lifespan of the garments and textiles (Yu, 2022).
While cotton serves as the primary example of a highly absorbent natural fiber, these concerns extend to various other fabric categories. Synthetic fabrics, though generally less porous, are not entirely immune to the effects of prolonged moisture, while mixed-blend fabrics demonstrate varying levels of absorbency based on their specific fiber ratios. These discrepancies underscore the critical importance of evaluating water-repellent treatments across multiple fabric categories to ensure consistent performance and protective efficacy.
Based on empirical observations, researchers have identified two critical areas of concern. First, the perpetual vulnerability of fabrics to liquid absorption accelerates fabric frailty. Second, commercially available water-repellent textiles rely heavily on per- and polyfluoroalkyl substances (PFAS). These synthetic chemicals, while effective, pose severe risks to human health and ecological stability. Consequently, the concept of integrating water repellency into various types of fabric has become a vital area of inquiry. By applying specialized treatments, the fabric surface can be modified to allow water to bead and roll off rather than being absorbed. This mechanism directly counteracts the natural hydrophilic tendencies of cotton, thereby enhancing durability by minimizing direct liquid exposure and reducing the necessity for frequent, harsh washing.
The decision to utilize banana leaf wax as a bio-based water repellent is driven by the plant’s unique botanical and environmental profile. The banana plant (Musa acuminata x Musa balbisiana) is a monocarpic species, meaning it bears fruit only once before the biological cycle ends. As a result, massive quantities of biomass—including trunks, peels, and leaves—are discarded, significantly contributing to agricultural waste and local environmental pollution (Agrawal et al., 2025). This study seeks to mitigate this waste by repurposing these neglected components, specifically the leaves, as a sustainable and renewable source of natural wax. Among various cultivars, the Latundan variety (AAB Group) was selected due to its exceptionally high wax yield and rapid regeneration rates. Its ability to produce wax more efficiently than other varieties ensures a consistent supply, aligning with the sustainability objectives of this research.
As reported by Jiang et al. (2022), banana leaves exhibit Janus wettability, wherein their surfaces display varying degrees of water interaction and adhesion. This characteristic may contribute to the effective transfer and performance of banana leaf wax in enhancing the hydrophobic properties of textile materials, thus suggesting high potential for textile enhancement. This natural alternative is increasingly necessary given the pervasive nature of pollutants in the textile sector. Specifically, PFAS—often termed "forever chemicals"—are widely utilized for their ability to resist oil, heat, and water while maintaining breathability. However, their environmental persistence is devastating. In the United States, nearly 99% of the population, including newborns, has detectable levels of PFAS in their bloodstream. Research from the Environmental Working Group (2021) indicates that even minimal exposure is linked to various cancers, thyroid diseases, low birth weight, and impaired immune responses.
The situation is even more pressing in the Philippines. Research indicates that Filipino women in the Greater Manila Area exhibit PFAS concentrations four to ten times higher than their American counterparts, with particularly elevated levels found in patients diagnosed with breast cancer (Velarde, 2022). This health risk extends to educational environments, where students enrolled in technical programs such as Welding and Fabrication, Automotive technology, and ICT frequently utilize Personal Protective Equipment (PPE). Since these garments are designed to be heat and water-resistant, they often contain PFAS, leading to daily chemical exposure for the student body.
While previous scholarship has explored the extraction of banana leaf wax, most studies remain confined to the laboratory phase of isolation. There is a distinct lack of empirical data regarding its practical application within the textile industry. Few, if any, studies have rigorously examined how this specific wax performs when integrated into fabric matrices. This study addresses this knowledge gap by extracting wax from the Latundan variety and evaluating its functional water-repellent performance on a variety of fabrics. Ultimately, this research investigates the acceptability of banana leaf wax as a sustainable textile treatment. By measuring technical performance and gathering quantitative feedback from Garments and Fashion Design students at one of the universities in Cebu, Philippines (A.Y. 2025–2026) and professional sewers at Liong Garments, this study aims to validate a safer, eco-friendly alternative for the textile industry.

2. material and methods 

[image: ]Fig. 1. Step-By-Step Process in Coating/Treating Fabric With Banana Leaf Wax
The study utilized an Experimental Research Design integrated with a quantitative approach to evaluate the performance and social acceptability of banana leaf wax as a sustainable water repellent for textiles. The experimental phase focused on the physical application of the wax, while the quantitative phase employed statistical analysis of user perceptions to determine the feasibility of this natural alternative. The inventory of materials included natural, synthetic, and mixed-blend fabrics, shears, an iron, fresh banana leaves, a clean working table, and an intact banana plant. The procedure began with the preparation of materials, ensuring a clean workspace and inspecting the fabric for impurities. The fabric was cut into uniform 5x5 inch samples using shears to maintain consistency, and fresh banana leaves were gently cleaned to optimize wax transfer. During the coating application, the fabric was rubbed against the leaf to coat the fibers; subsequently, the sample was placed between leaves and ironed, allowing heat to melt and adhere the wax to the fabrics. Each sample underwent drying in direct sunlight for at least 20–30 minutes, and this sequential coating procedure was repeated up to five times to ensure uniform layering before final documentation of texture and absorption changes.	
The experimental trials were conducted in a home setting following strict safety protocols, including the use of PPE, adequate ventilation, and the availability of a first-aid kit, while the descriptive phase took place at one of the Universities in Cebu, Philippines and Liong Garments. The study involved 40 purposively selected respondents, consisting of ten 2nd-year BTVTED-GFD students (25%), ten 3rd-year BTVTED-GFD students (25%), and twenty professional sewers from Liong Garments (50%). Data collection followed a three-stage process: the preliminary stage involved instrument validation and obtaining permissions; the gathering stage allowed respondents to interact with the treated samples and complete the survey; and the post-data stage focused on tabulation and analysis. In strict adherence to the Data Privacy Act of 2012, all personal identifiers were kept confidential, and data were used exclusively for academic purposes. Participants provided informed consent after being briefed on the study’s objectives, and the researchers ensured that participation remained entirely voluntary, granting respondents the right to withdraw at any stage without consequence.
To interpret the data, several statistical tools were employed, including Frequency Count for response distribution, Mean and Standard Deviation for overall perception, and Analysis of Variance (ANOVA) with Bonferroni Correction to identify significant differences between treatment levels. The scoring procedure utilized a 4-point Likert scale to categorize the fabric's acceptability based on mean score ranges. A score of 3.26 – 4.00 (Very Acceptable) indicated that the treatment fully satisfied water-repellency requirements, while 2.51 – 3.25 (Acceptable) suggested the fabric was functional but could benefit from minor refinements. Scores between 1.76 – 2.50 (Slightly Acceptable) meant the performance was considered inadequate, and a range of 1.00 – 1.75 (Not Acceptable) confirmed that the treatment failed to meet standard repellent criteria. This structured methodology provided a rigorous framework for determining that banana leaf wax served as a viable, natural alternative to synthetic textile finishes.
3. results and discussion
3.1 Innovation through Creative Destruction: Replacing PFAS with Bio-Polymers
The primary economic and structural driver for this research is found in Joseph Schumpeter’s Innovation Theory, which characterizes industrial evolution through the lens of "creative destruction." Schumpeter posited that for an economy to experience genuine growth and evolution, new technologies must emerge to dismantle and replace inefficient, stagnant, or harmful legacy systems (Harsanto et al., 2023). In the realm of textile engineering, the prevailing legacy system is defined by the 1969 invention of Gore-Tex by Bob Gore which is known for its exceptional durability, with materials that degrade very slowly, even compared to conventional plastics. While Gore’s utilization of expanded polytetrafluoroethylene (ePTFE) provided a revolutionary waterproof and breathable barrier that defined outdoor performance for half a century, it simultaneously introduced a subgroup of per- and polyfluoroalkyl substances (PFAS) into the global environment which raise serious environmental and occupational health concerns. While the finished product is generally considered safe for consumers, the manufacturing process may expose workers to harmful substances, particularly in the absence of adequate protective measures (Noss, 2022). 
These "forever chemicals," while technically functional and highly durable, are now recognized as biologically and ecologically obsolete due to their catastrophic health impacts. According to the National Institute of Environmental Health Sciences (2025), PFAS exposure is scientifically linked to severe metabolic disorders, increased risks of various cancers, and significant immune system suppression. The creative destruction proposed in this study involves the systematic replacement of these hazardous fluoropolymers with the epicuticular wax layer found naturally in banana leaves. As Sanji (2020) notes, the hierarchical micro/nano-structure of natural waxes offers a super-hydrophobic performance that rivals synthetic counterparts without the toxic persistence.
By transitioning to banana leaf wax, the study aligns with Republic Act No. 9729 (Climate Change Act of 2009), which advocates for eco-friendly innovations that protect the climate system and ensure a healthful ecology. This shift represents a Schumpeterian evolution, where the harmful synthetic standard is "destroyed" or phased out to make way for a healthful, sustainable, and bio-based innovation. The "destruction" here is not a loss of value, but an upgrade to a system that respects human physiology and environmental limits. Adopting such natural alternatives encourages a new era of manufacturing where the "epicuticular" properties of indigenous flora provide the functionality previously sought through synthetic chemistry.

3.2 Social Acceptability and the Diffusion of Sustainable Textile Technology
The transition from a laboratory-proven concept to a market-ready textile finish relies heavily on the patterns of social adoption and the psychology of change. This study utilizes Everett Rogers’ Diffusion of Innovation Theory to map the trajectory of banana leaf wax acceptance. Rogers suggests that for any new behavior, technology, or good to take root in a society, it must move through a specific population sequence: Innovators, Early Adopters, Early Majority, Late Majority, and Laggards. The "acceptability" mentioned in the thesis title is a critical measure of how quickly this innovation can move from the researchers (Innovators) to the fashion industry’s primary opinion leaders.
To facilitate this diffusion, the research strategically targets 2nd and 3rd-year students at one of the universities in Cebu, Philippines, specializing in Garments and Fashion Design. These students represent the Early Adopters—technical experts and future industry leaders who possess the curiosity and professional influence to validate new materials. Their feedback on the tactile, visual, and functional performance of treated fabrics serves as the vital catalyst needed to convince the Early Majority. If the product is perceived as acceptable by these specialists, it lowers the "uncertainty" associated with new technology, which Rogers identifies as the primary barrier to adoption.
This strategic approach to social adoption is bolstered by Republic Act No. 11293 (Philippine Innovation Act), which identifies innovation as a vital pillar of national development and sustainable economic growth. The act encourages the creation of "innovation centers" and the fostering of a culture that rewards creative solutions to national problems. By securing the "acceptability" of these future designers, the study ensures that the innovation does not remain stagnant as a purely academic exercise but instead spreads through the industry. This process eventually transforms consumer expectations and manufacturing norms, leading to a market where "sustainable" is no longer a niche label but a standard requirement.
3.3 Collective Stewardship and the Valorization of Agricultural Waste
The ethical dimension of this study is anchored in the Collective Stewardship Theory of Sustainable Development proposed by Peterson Ozili. This theory dictates that all individuals, industries, and governments are stewards of the Earth’s limited resources and are morally expected to act in the best interest of the planet to prevent depletion and degradation. Historically, the textile and packaging industries failed this stewardship by relying on PFAS for its convenience and oil-resistant properties, despite possessing internal data regarding its dangers. Reports from The Guardian (2022) have highlighted how chemical giants like DuPont and Daikin concealed the environmental risks of PFAS from the public and the FDA for decades. However, recent global movements, such as the 2020 FDA agreement to phase out PFAS in food packaging by 2025, signal a necessary return to stewardship (Jones, 2021).
In the Philippines, this stewardship is manifested through Republic Act No. 8435 (Agriculture and Fisheries Modernization Act of 1997). By extracting wax from banana leaves—a resource that is traditionally discarded as agricultural waste or underutilized biomass—the study practices a form of resource valorization. This process gives additional economic value to banana cultivation while providing a non-toxic alternative for fabric coating. Valorization transforms a "waste product" into a "wealth product," ensuring that the agricultural sector contributes directly to industrial sustainability.
This aligns with the United Nations Brundtland Commission’s (1987) mandate to meet present needs without compromising the ability of future generations to meet their own. The acceptability of banana leaf wax is, therefore, not just a technical or aesthetic metric; it is a measure of our success in fulfilling a collective responsibility. By using indigenous resources that are renewable and biodegradable, we safeguard both the environment and human health, ensuring that the textiles we produce today do not become the toxic burdens of tomorrow. Stewardship in this context means recognizing that the "waste" in our banana plantations is actually a sophisticated chemical solution provided by nature
3.4 Legal Frameworks and the Path to Global Competitiveness
The final sub-theme focuses on the integration of these economic and ethical theories into the Philippine legal and economic landscape. The acceptability of a natural water-repellent is a prerequisite for achieving the goals set out in Section 15 of R.A. No. 8435, which emphasizes Global Competitiveness and Sustainability. For the Philippine textile industry to compete on a global stage, it must transition away from imported synthetic chemicals and adopt green technologies that meet increasingly stringent international environmental standards, such as the EU’s restrictions on hazardous substances.
The transition from PFAS-based DWR (Durable Water Repellent) finishes to banana leaf wax provides a clear pathway for local manufacturers to differentiate themselves in a global market that is increasingly hostile to "forever chemicals" which according to NACWA (2022), have been associated with various health problems, including different forms of cancer, low birth weight, thyroid disorders, and other medical conditions. As reported by Bagenstose (2022), these “forever chemicals” are known to be in thousands of U.S. drinking water systems, affecting potentially millions of people. By introducing this study to universities and the public, the researchers are laying the groundwork for a high-volume demand for banana plants. This demand directly benefits local farmers, providing them with a secondary income stream from the sale of leaves, thereby supporting the national agenda for sustainable economic growth.
The synergy between Innovation Theory (the method of creative destruction), Diffusion Theory (the path of social acceptance), and Stewardship Theory (the ethical purpose) creates a comprehensive model for national progress. As future researchers, students, and businesses enhance these outcomes, the reliance on imported PFAS will be limited. The Philippine textile industry will not merely follow global trends but will evolve into a leader in sustainable innovation by leveraging its own natural wealth. This integrated approach ensures that the pursuit of a "healthful ecology," as mandated by the Republic Acts of 2009 and 2019, is achieved through practical, scientifically validated, and socially accepted agricultural innovations. Ultimately, the acceptability of banana leaf wax serves as the bridge between theoretical sustainability and the tangible prosperity of the Filipino people.
This article presents the descriptive statistics, inferential analysis, and interpretation of the data gathered to answer the research questions concerning the water repellency performance of the three types of fabrics: (1) Natural fabric, (2) Synthetic fabric, (3) Mixed-blend fabric treated with banana leaf wax under three formulations: T1 (0 banana leaf wax coating), T2 (3 banana leaf wax coatings), and T3 (5 banana leaf wax coatings). 
Respondents (Garments and Fashion Design students and Sewers) are treated as one combined sample for analysis. The primary inferential test used was one-way analysis of variance (ANOVA) followed by appropriate post-hoc comparisons to identify pairwise differences among treatments.
The combined sample consists of the respondents who provided water repellency ratings for each treatment. Data were inspected and polished, and descriptive statistics (means and standard deviations) for water repellency scores were computed for each treatment level. The data were then subjected to one-way ANOVA (α = 0.01) to test for significant differences in water repellency across the three treatments. Where the ANOVA indicated significance, pairwise post-hoc comparisons with adjustment were conducted to determine which treatments differ.

Table 1. Level of Acceptability of Natural Fabric treated with Banana Leaf Wax
	Indicators
	T1
	T2
	T3

	
	Mean
	SD
	Mean
	SD
	Mean
	SD

	The fabric repels water effectively

	1.60
	0.50
	3.38
	0.54
	3.70
	0.46

	Water droplets roll off the surface of the fabric.

	1.73
	0.45
	3.58
	0.50
	3.83
	0.38

	The water repellency performance is consistent across the fabric. 

	1.70
	0.46
	3.50
	0.51
	3.80
	0.41

	The fabric feels resistant to water penetration.

	1.65
	0.48
	3.55
	0.50
	3.78
	0.42

	It delays water absorption.

	1.65
	0.48
	3.45
	0.55
	3.65
	0.48

	Water does not soak into the fabric easily.

	1.75
	0.44
	3.50
	0.51
	3.73
	0.45

	The fabric feels waterproof.

	1.70
	0.46
	3.53
	0.55
	3.85
	0.36

	Overall, the water repellency performance is acceptable. 
	1.73
	0.45
	3.73
	0.45
	3.88
	0.33


Legend: 3.26-4.00 Strongly Agree (SA); 2.51-3.25 Agree(A); 1.76-2.50 Disagree (D), 1.00-1.75 Strongly Disagree (SD)

As shown in Table 1, the participants rated Treatment 1 as Strongly Disagree (mean = 1.60 – 1.75), In contrast, both Treatment 2 (3.38 – 3.73) and Treatment 3 (3.65 – 3.88) were rated as "Strongly Agree," with T3 achieving the highest overall acceptability for water repellency. Across all treatments, standard deviation values remained consistently below 1.0, indicating high stability in participant feedback and a strong consensus regarding the performance of the wax application.
This means that, in terms of acceptability of natural fabric treated with banana leaf wax, both Treatment 2 with 3 banana leaf wax coatings and Treatment 3 with 5 banana leaf wax coatings were highly acceptable to garments, fashion and design students and professional sewers. The data confirms that applying multiple layers of banana leaf wax through heat-melt adhesion significantly enhances the fabric's hydrophobic properties. This suggests a direct correlation between coating density and the material's ability to resist water penetration.
According to Boonmahitthisud et al. (2023), natural wax extracted from banana leaves can be mixed with chitosan and applied to paper surfaces to achieve water-resistant properties on paper surfaces. The potential for bio-based water repellents is supported by research indicating that natural waxes, such as those from banana leaves, can be utilized to achieve water-resistant properties on various surfaces as an alternative to non-biodegradable, petroleum-based materials. Another study by Saleh (2021), used Chitosan coating to avoid the disintegration of regenerated papers made from discarded natural resources, such as seaweeds or non-wood plants. This aligns with the results observed across Tables 1, 2, and 3, where participants consistently validated the effectiveness of banana leaf wax coatings across natural, synthetic, and mixed-blend fabrics. Such findings position this natural wax as a viable, eco-friendly output for achieving functional water repellency in the textile industry. Other researchers like Wang (2025), also remarked how commercially available water-repellent coatings like fluoropolymers, silicones, and even paraffin-based waxes can greatly affect the heath and the environment. Their toxicity, persistence in ecosystem (forever chemicals), and the release of harmful byproducts during both their production and usage raise significant environmental and health concerns. As a result, there is an increase demand for alternative methods that are not only effective but also sustainable, eco-friendly, and energy efficient.





Table 2. Level of Acceptability of Synthetic Fabric treated with Banana Leaf Wax
	Indicators
	T1
	T2
	T3

	
	Mean
	SD
	Mean
	SD
	Mean
	SD

	The fabric repels water effectively

	1.60
	0.50
	3.33
	0.48
	3.65
	0.48

	Water droplets roll off the surface of the fabric.

	1.83
	0.68
	3.35
	0.47
	3.78
	0.42

	The water repellency performance is consistent across the fabric. 

	1.55
	0.50
	3.33
	0.48
	3.78
	0.42

	The fabric feels resistant to water penetration.

	1.60
	0.50
	3.28
	0.45
	3.83
	0.38

	It delays water absorption.

	1.73
	0.72
	3.40
	0.55
	3.80
	0.41

	Water does not soak into the fabric easily.

	1.50
	0.51
	3.38
	0.49
	3.60
	0.50

	The fabric feels waterproof.

	1.55
	0.50
	3.30
	0.52
	3.83
	0.38

	Overall, the water repellency performance is acceptable. 
	1.80
	0.41
	3.38
	0.49
	3.70
	0.46


Legend: 3.26-4.00 Strongly Agree (SA); 2.51-3.25 Agree(A); 1.76-2.50 Disagree (D), 1.00-1.75 Strongly Disagree (SD)
Consistent with the findings for Natural Fabric, the results for Synthetic Fabric in Table 2 demonstrates that the untreated control, Treatment 1, is perceived as ineffective, with mean scores ranging from 1.50 to 1.83. In contrast, both Treatment 2 (3.28 – 3.40) and Treatment 3 (3.60 – 3.83) were rated as "Strongly Agree," and show substantial enhancement in water-repellent performance. While natural fibers obtained a peak mean of 3.88, synthetic fibers reached a high of 3.83 for Treatment 3. Across all treatments for synthetic fabric, standard deviation values remained consistently below 1.0, indicating high stability in participant feedback and a strong consensus that the heat-melt wax application successfully created a functional moisture barrier on synthetic surfaces.
This means that, in terms of acceptability, both Treatment 2 (3 coatings) and Treatment 3 (5 coatings) were highly acceptable to garments, fashion, and design students and professional sewers when applied to synthetic materials. The data confirms that while synthetic fibers are inherently less absorbent than natural fibers, the addition of banana leaf wax significantly further enhances their hydrophobic properties. This suggests a direct correlation between coating density and the material's ability to resist water penetration, regardless of the fiber's chemical origin.
As stated by Singh et al. (2024), Musa acuminata leaves serve as an excellent source for natural wax extraction, offering superior hydrophobic properties that effectively enhance water repellency. The extracted wax possesses a high melting point of approximately 78–82 °C, a thermal profile remarkably similar to that of industrial-grade carnauba wax. This high thermal stability suggests strong potential for industrial applications, as it demonstrates significant tolerance against external environmental and chemical stressors. Chemically, the wax is characterized by an abundance of long-chain fatty acids ranging from C14 to C30, which contribute to its structural integrity. Furthermore, the hydrophobic nature of the wax is validated by a contact angle exceeding 90°, a critical threshold that confirms its efficacy as a water-repellent coating. However, limited studies on its application to textiles currently restrict its potential to become a standardized industrial alternative to synthetic finishes. While the chemical advantages of Musa acuminata wax are well-documented in botanical and packaging research, the specific interaction between these plant-based fatty acids and various textile fiber matrices remains under-explored. Addressing this research gap is essential for transitioning from laboratory-scale experiments to viable, large-scale sustainable manufacturing.

Table 3. Level of Acceptability of Mixed fiber blend treated with Banana Leaf Wax
	Indicators
	T1
	T2
	T3

	
	Mean
	SD
	Mean
	SD
	Mean
	SD

	The fabric repels water effectively

	1.50
	0.51
	3.30
	0.46
	3.98
	0.16

	Water droplets roll off the surface of the fabric.

	1.78
	0.42
	3.65
	0.48
	3.85
	0.36

	The water repellency performance is consistent across the fabric. 

	1.53
	0.51
	3.23
	0.42
	3.90
	0.30

	The fabric feels resistant to water penetration.

	1.53
	0.51
	3.33
	0.47
	3.60
	0.50

	It delays water absorption.

	1.53
	0.51
	3.48
	0.51
	3.85
	0.36

	Water does not soak into the fabric easily.

	1.55
	0.50
	3.48
	0.51
	3.68
	0.47

	The fabric feels waterproof.
	1.50
	0.51
	3.43
	0.50
	3.90
	0.30

	Overall, the water repellency performance is acceptable. 
	1.50
	0.51
	3.31
	0.47
	3.83
	0.38


Legend: 3.26-4.00 Strongly Agree (SA); 2.51-3.25 Agree(A); 1.76-2.50 Disagree (D), 1.00-1.75 Strongly Disagree (SD)
The results for Mixed-Blend Fabric in Table 3 follow the same trend as the natural and synthetic categories, where T1 is seen as ineffective and both T2 and T3 show the greatest enhancement in terms of water-repellent performance. Notably, the mixed-blend fabric achieved the highest overall mean score in the study (3.98), suggesting it may be the most compatible substrate for banana leaf wax adhesion. Standard deviation values remained below 1.0, confirming a unified agreement among respondents regarding the superior efficacy of the five-coat treatment on blended textiles.
The high acceptability of Treatment 2 and Treatment 3 for mixed-blend fabrics among professional sewers and design students highlights the versatility of this natural treatment. The statistical evidence confirms that applying multiple layers of wax through heat-melt adhesion creates a more robust barrier on mixed-blend surfaces than on pure natural or synthetic fibers alone. This suggests that the interaction between different fiber types within the blend may optimize the anchoring of the wax, thereby maximizing the fabric's ability to resist water penetration as the coating density increases.
This study highlights how banana plant waste can be successfully valorized into sustainable packaging solutions. While empirical results confirm that the extracted wax significantly enhances moisture resistance, the data suggests that further optimization is required to refine the material's mechanical properties. Consequently, this study provides a critical framework for the development of sustainable materials derived from agricultural waste streams. Research shows that there were two other extraction methods that can be used in obtaining banana wax from mature and third leaf shoots (Sivasathiya et al., 2025). However, the present study explores a more practical and accessible approach through the direct swiping method, wherein banana leaf wax is applied directly onto the fabric surface. This method is emphasized due to its simplicity, cost-effectiveness, and feasibility for small-scale or household-level applications, making it a promising technique for sustainable textile treatment.
	Source of Variation
	SS
	df
	MS
	F
	P-value
	Decision
	Result

	Between Groups
	103.95
	2
	51.98
	549.10
	<0.001
	Accept H1
	Statistically Significant

	Within Groups
	11.08
	117
	0.09
	
	
	
	

	
	
	
	
	
	
	
	

	Total
	115.03
	119
	
	
	
	
	


Table 4. Test of Significance on the Difference among the Three Treatments for Natural Fabric
*significant at p<0.01 (two-tailed).
Table 4 suggests that the Treatments’ water repellency performance shows statistically significant effect, F(2, 117) = 549.10, and the p-value (<0.001) is far below the alpha (0.01). This result provides strong evidence that at least one treatment mean differs from the others. The between-groups sum of squares (SS = 103.95) is much larger than the within-groups sum of squares (SS = 11.08), indicating that the majority of variability in water repellency scores is accounted for by differences among the treatments rather than by variability within treatments.
             The extremely high F-value obtained in this table indicates that the differences among the treatments are not only statistically significant but also substantial in magnitude. This suggests that the number of banana leaf wax coatings plays a dominant role in influencing the water repellency performance of natural fabrics. The large gap between the between-group and within-group sum of squares further implies that most of the variation in scores is attributed to the treatment effect rather than random differences among respondents. In practical terms, this means that increasing the number of coatings directly enhances the ability of the fabric to resist water penetration, making the treatment highly effective and reliable.
             Superhydrophobicity has gained significant attention due to its wide range of applications, including water repellency, self-cleaning, stain resistance, antibacterial activity, and oil–water separation. Tudu (2020), developed a coating on cotton fabric through a simple immersion method using TiO₂ nanoparticles and perfluorodecyltriethoxysilane (PFDTS). The treated fabric was evaluated in terms of surface morphology, wettability, and functional performance. The coating demonstrated strong mechanical durability, chemical resistance, and thermal stability, even under harsh conditions. In addition, the fabric exhibited effective self-cleaning ability, stain and rust resistance, anti-water absorption, antibacterial activity, and high-efficiency, reusable oil–water separation. TiO₂ nanoparticles contributed to surface roughness and enhanced antibacterial properties due to their photocatalytic activity, while the fluorinated silane improved water repellency. Dynamic water droplet behavior further confirmed the strong anti-wetting performance of the coated fabric under various environmental stresses.
           However, despite its high performance, this approach relies on synthetic and fluorinated chemical agents that are not naturally derived. These materials, while effective, raise concerns regarding sustainability and long-term environmental impact due to their chemical nature and persistence. This highlights a limitation in existing superhydrophobic coating strategies, which are largely dependent on non-natural, laboratory-synthesized compounds. In this context, the present study addresses this gap by exploring a more natural and sustainable alternative for imparting water repellency. It aims to reduce reliance on synthetic fluorinated chemicals while still achieving functional water-repellent performance. Thus, this research contributes to the development of eco-friendlier coating approaches for textile applications.
	Source of Variation
	SS
	df
	MS
	F
	P-value
	Decision
	Result

	Between Groups
	99.36
	2
	49.68
	561.10
	<0.001
	Accept H1
	Statistically Significant

	Within Groups
	10.36
	117
	0.09
	
	
	
	

	
	
	
	
	
	
	
	

	Total
	109.72
	119
	
	
	
	
	


Table 5. Test of Significance on the Difference among the Three Treatments for Synthetic Fabric
*significant at p<0.01 (two-tailed).

Table 5 indicates that the treatments’ water repellency performance exhibit a statistically significant effect. The computed F-value, F(2, 117) = 561.10, with a corresponding p-value of < 0.001, is far below the established level of significance (α = 0.01). This provides strong evidence to reject the null hypothesis and accept the alternative hypothesis, suggesting that at least one treatment mean differs significantly from the others.

The results presented in Table 5 indicate that the treatment effect on synthetic fabrics is both statistically and practically significant. The high F-value demonstrates that the variation in water repellency performance is largely influenced by the number of coatings applied. Despite synthetic fabrics already having lower absorbency compared to natural fibers, the addition of banana leaf wax still produced a marked improvement in performance. The low within-group variability further suggests that respondents consistently perceived these differences, reinforcing the reliability of the findings. This implies that banana leaf wax effectively enhances the inherent water-resistant properties of synthetic fabrics.


Table 6. Test of Significance on the Difference among the Three Treatments for Mixed-blend Fabric
	Source of Variation
	SS
	df
	MS
	F
	P-value
	Decision
	Result

	Between Groups
	116.77
	2
	58.39
	1075.77
	<0.001
	Accept H1
	Statistically Significant

	Within Groups
	6.35
	117
	0.05
	
	
	
	

	
	
	
	
	
	
	
	

	Total
	123.12
	119
	
	
	
	
	


*significant at p<0.01 (two-tailed).
	
Table 6 reveals a statistically significant difference in water repellency performance among the treatments. The analysis yielded an F-value of F(2, 117) = 1075.77, with a p-value of < 0.001, which is considerably lower than the alpha level of 0.01. This result strongly supports the rejection of the null hypothesis and indicates that significant differences exist among the treatment means. This suggests that the treatments were highly effective in producing distinct levels of water repellency. Consequently, the findings confirm that the treatments exerted a statistically significant and substantial effect on water repellency performance.

The one-way Analysis of Variance (ANOVA) presented in Table 6 demonstrates a highly significant difference in the water repellency performance of mixed-blend fabrics across the three treatment levels. With a calculated F-value of 1075.77 and a p-value of less than 0.001, the results far exceed the established level of significance (α = 0.01). This indicates that the variation in hydrophobic efficacy is not due to chance but is a direct result of the varying layers of banana leaf wax applied. The extremely high F-value, the largest among all fabric categories, suggests that the mixed-blend composition is particularly sensitive and responsive to the wax treatment.
Supporting literature by Ekayev et al. (2026), states that eco-friendly water-repellent treatments from plant extracts relies in three major advantages: (1) renewable origin, (2) biodegradability; and (3) low toxicological burden. Furthermore, agricultural residues and plant-processing waste streams serve as economically accessible and sustainable sources of raw materials for large-scale extraction. These characteristics make plant-derived substances highly promising for the development of environmentally friendly textile treatments. Aside from the feasibility of the banana leaf wax as a natural water-repellent for fabrics, banana leaf wax can also be used in various useful products. Shweta (2025), extracted the banana leaf wax using a hexane method by cutting the banana leaves into small pieces and were then sent for analysis of anticancer and antidiabetic assay. The results obtained revealed that the anticancer activity exhibited against MDAMB-231 cell-line and results compared with the standard cisplatin drug meaning, it had some ability to affect or reduce the growth of these breast cancer cells in the lab. The effectiveness of the sample was compared to cisplatin, a well-known chemotherapy drug used as a standard reference for cancer treatment studies.

Table 7. Scheffe Post Hoc Result for Natural Fabric
	Comparison
	Scheffe Computed Value
	Scheffe Critical Value
	Decision
	Interpretation

	T1 vs T2
	713.39
	9.58
	Reject H0
	Significant

	T2 vs T1
	13.21
	9.58
	Reject H0
	Significant

	T3 vs T1
	920.71
	9.58
	Reject H0
	Significant


*Scheffé’s post hoc test was applied for multiple comparisons. Significant differences are indicated at α = 0.01.
Table 7 presents the results of Scheffé’s post hoc test for the natural fiber fabric. All computed Scheffé values exceeded the critical value of 9.58 at the selected level of significance. This indicates that there were statistically significant differences among all treatment pairs. The results suggest that the application of banana leaf wax significantly improved the water repellency of the natural fiber fabric, with each increase in the number of coatings producing a meaningful improvement in performance.
The results of the Scheffé post hoc test reveal that each treatment level differs significantly from one another, indicating a clear progression in water repellency performance as the number of coatings increases. The consistently high computed values suggest that the improvements from T1 to T2 and from T2 to T3 are not only statistically significant but also meaningful in magnitude. This demonstrates that even incremental increases in coating application contribute to enhanced fabric performance. The largest differences observed between untreated and heavily coated samples further confirm that coating density is a critical factor in achieving optimal water repellency.
	Comparison
	Scheffe Computed Value
	Scheffe Critical Value
	Decision
	Interpretation

	T1 vs T2
	650.43
	9.58
	Reject H0
	Significant

	T2 vs T1
	36.71
	9.58
	Reject H0
	Significant

	T3 vs T1
	996.18
	9.58
	Reject H0
	Significant


Table 8. Scheffe Post Hoc Result for Synthetic Fabric
*Scheffé’s post hoc test was applied for multiple comparisons. Significant differences are indicated at α = 0.01.
Table 8 presents all treatment comparisons for the synthetic fiber fabric yielded Scheffé computed values that were greater than the critical value. This confirms the presence of statistically significant differences among the three treatments. The results demonstrate that banana leaf wax coating had a strong and progressive effect on the water repellency of synthetic fiber fabric, with the highest level of repellency observed in the fabric treated with five coatings.

The findings in Table 8 confirm that all pairwise comparisons among treatments are statistically significant, indicating that each level of coating contributes distinctly to the improvement of water repellency performance in synthetic fabrics. The high computed values suggest a strong and consistent treatment effect, particularly when comparing untreated and fully treated samples. This demonstrates that the application of banana leaf wax enhances water resistance in a progressive manner, with each additional coating providing further improvement. These results highlight the effectiveness of repeated application in maximizing the protective properties of the fabric.


Table 9. Scheffe Post Hoc Result for Mixed-blend Fabric
	Comparison
	Scheffe Computed Value
	Scheffe Critical Value
	Decision
	Interpretation

	T1 vs T2
	1311.87
	9.58
	Reject H0
	Significant

	T2 vs T1
	83.36
	9.58
	Reject H0
	Significant

	T3 vs T1
	2071.39
	9.58
	Reject H0
	Significant


*Scheffé’s post hoc test was applied for multiple comparisons. Significant differences are indicated at α = 0.01.
Table 9 shows the Scheffé post hoc test results for the mixed-blend fiber fabric. All computed values greatly exceeded the Scheffé critical value, indicating statistically significant differences among all treatment pairs. Among the three fabric categories, the mixed-blend fabric exhibited the highest Scheffé values, suggesting that it responded most strongly to banana leaf wax treatment. This implies that the interaction between natural and synthetic fibers enhanced the effectiveness of the wax coating in improving water repellency.
The Scheffé post hoc test results in Table 9 provide a detailed pairwise comparison that confirms statistically significant improvements between every stage of the treatment process for mixed-blend fabrics. All computed Scheffé values significantly exceeded the critical value of 9.58, with the comparison between the untreated control (T1) and the five-layer application (T3) yielding a peak value of 2071.39. This massive statistical gap proves that each incremental addition of wax from zero to three coats, and from three to five meaningfully enhances the material's protective barrier. These findings establish that a five-coat application (T3) is the most effective formulation for maximizing the water-repellent properties of mixed-blend textiles.
Superhydrophobic surfaces, characterized by water contact angles exceeding 150°, provide essential self-cleaning and protective functions for consumer goods like outdoor gear. Traditionally, these high-performance coatings rely on per- and polyfluoroalkyl substances (PFAS). However, the environmental persistence and health risks associated with these "forever chemicals" have triggered a global search for non-toxic alternatives. While natural waxes have emerged as a potential solution by mimicking the microscopic surface roughness found in nature (the "lotus effect"), many current application methods remain too complex or reliant on synthetic additives for widespread use. There is a critical need for accessible, scalable techniques that utilize underutilized agricultural waste to create effective, eco-friendly textile treatments. 
A study done by Fleetwood et al. (2023), again, used natural wax sources like maple leaves, horsetail, gingko, katsura, cedar, and smoke tree, containing the secondary alcohol nonacosan-10-ol, which can produce petroleum- and PFC-free alternative water-repellent sprays for fabric coating that are comparable to and greater than commercially available products.  This relates to the current study, which focuses on applying natural water-repellent fabric, mainly the banana leaf wax, as a natural alternative to commercially available durable water-resistant (DWR) products available in the market.
Overall Acceptability of Banana Leaf Wax as a Natural Water Repellent for Fabrics

Statistical analysis across all fiber categories natural, synthetic, and mixed-blend confirms that banana leaf wax significantly enhances water repellency (p < 0.001). One-way ANOVA results for natural (F=549.10), synthetic (F=561.10), and mixed-blend (F=1075.77) fabrics demonstrate that the number of coatings is a primary driver of performance, regardless of the underlying fabric composition.
Scheffé post hoc tests further validated a direct, positive correlation between application density and efficacy, as every incremental increase in layers resulted in a statistically significant improvement. The five-layer treatment (T3) consistently emerged as the most effective and acceptable formulation, reaching peak mean scores of 3.98 and validating banana leaf wax as a superior, eco-friendly alternative to synthetic chemical finishes.
Overall, the findings demonstrate that banana leaf wax is an effective natural water-repellent treatment across different fabric types, with its efficacy directly increasing with the number of applied coatings. These results strongly support the potential use of banana leaf wax as a sustainable and eco-friendly alternative to conventional synthetic water-repellent treatments, particularly when applied in multiple layers to maximize performance.
4. Conclusion

This experimental investigation and quantitative approach evaluated the functional performance and acceptability of banana leaf wax as a sustainable, bio-based water-repellent treatment, demonstrating that natural alternatives can effectively replace hazardous synthetic finishes across natural, synthetic, and mixed-blend fabrics. Through a comparison of an untreated control (T1), a three-layer application (T2), and a five-layer application (T3), one-way Analysis of Variance (ANOVA) confirmed that the wax treatment produced statistically significant improvements across all categories specifically for natural (F=549.10), synthetic (F=561.10), and mixed-blend (F=1075.77) fabrics (p < 0.001). Scheffé’s post hoc tests further validated that each additional layer incrementally boosted hydrophobic properties, as T3 emerged as the most effective formulation with "Highly Acceptable" mean scores reaching 3.98 compared to the failing ratings of T1. While the mixed-blend category showed the most pronounced response with the highest F-value and Scheffé results (up to 2071.39), the overarching evidence establishes a direct correlation between coating density and protective performance. 
Based on these outcomes, it was concluded that banana leaf wax serves as a highly effective and viable natural water-repellent for various textile materials. The evidence clearly showed that the degree of water resistance was directly influenced by the number of coatings applied, with five layers consistently yielding the highest protection against moisture. Furthermore, the study established that the fiber composition of the base fabric played a secondary role in determining the final effectiveness, as seen in the superior results of the mixed-blend samples. However, this study was primarily focused on the functional acceptability of the banana leaf wax as a water repellent and did not evaluate sensory factors such as the fabric's smell, texture, or aesthetic appearance. Future research should prioritize improving the physical appearance of the treated fabric, as these qualitative characteristics were not included in the participants' evaluation. Furthermore, the scope was limited to surface-level performance and did not include tests for full water submersion, alternative extraction methodologies, or objective assessments of post-treatment textile flexibility. 
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