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The growing demand for sustainable packaging has led to innovative approaches 
utilizing agricultural waste. This study explores the production and assessment 
of natural wrapping paper derived from banana peel waste, enhanced with 
essential oils. The research examines the impact of essential oils—cinnamon, 
lemon, clove, and lime—on the chemical and physical properties of the paper. A 
quantitative methodology was employed, investigating pH stability, water 
content, grammage, and flexibility in comparison to commercial wrapping paper 
standards. Findings indicate that essential oil additives significantly improve 
chemical stability, physical strength, and consumer appeal. Additionally, 
alkalization and delignification processes enhance the integration of essential 
oils, further optimizing paper quality. Life cycle assessment highlights the 
environmental benefits of banana peel waste utilization, promoting 
sustainability in packaging materials. This study contributes to the advancement 
of eco-friendly alternatives by validating the effectiveness of agricultural waste 
in high-quality paper production. Future research should explore additional 
additives and conduct long-term environmental impact assessments to refine 
sustainable material innovations. 
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Introduction 

This paper details the innovative application of banana peel waste to manufacture natural wrapping 
paper with added essential oils. Practical and theoretical insights into the uses of agricultural wastes 
for sustainable packaging solutions and related implications in the management of wastes and 
material science are presented herein. The core research question is regarding the effectiveness of 
essential oil additives in enhancing properties of natural wrapping paper derived from banana peel 
waste. Five sub-research questions are developed: effect of different essential oils on the chemical 
properties of the paper, effect of essential oils on physical properties, comparison with commercial 
wrapping paper standards, role of alkalization and delignification processes, and environmental 
benefits from the use of banana peel waste. The research design involves a quantitative 
methodology where the relationship between the independent variables, which include types and 
concentrations of essential oils, and the dependent variables that are chemical and physical 
properties of the paper are analyzed. The article is well structured to discuss a literature review, 
methodology, results, and a conclusion of the broader implications of the findings. 

Literature Review 

It examines existing literature relating to the integration of agricultural wastes in paper products, 
especially about the use of essential oils as additives. In this context, it looks into the chemical 
property effects, the physical properties and commercial standard adhesion, significance of 
processing methodology, and environment concerns. Despite significant improvements, gaps are 
however witnessed, including limited research on the holistic impact of different essential oils, as 
well as the long-term environmental impact of using banana peels as waste. The paper is attempted 
to fill in these gaps by offering empirical evidence on the efficacy of essential oil additives in 
enhancing paper quality and sustainability. The section is placed with five hypotheses related to the 
sub-research questions. 

Chemical Properties due to Essential Oils Influence 
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Initial studies aimed at investigating the influences of essential oils on the chemical nature of 
natural materials, and were mainly based on their preservative properties. Later research 
emphasized the antimicrobial property of essential oils, and how this property may extend the 
lifespan of paper products. Nevertheless, thorough investigations of the influence of various 
essential oils on the chemical properties of paper are not adequate. Hypothesis 1: Varying essential 
oils, used as additives, significantly alter the chemical properties of the natural wrapping paper, 
thus enhancing its storage and conservation. 

Effect of Essential Oil on Physical Properties 

Early studies for the physical effects of essential oils in the paper provided initial information on 
consumer preferences towards texture and aroma. Further studies were conducted on structural 
integrity and flexibility of the paper that is said to relate to their concentration of essential oils. 
However, the established relationship between essential oil types and physical properties has not 
been investigated. Hypothesis 2: Essential oils, especially in certain concentrations, have a 
measurable effect on the physical properties of natural wrapping paper, such as texture, flexibility, 
and smell. 

Comparison with Commercial Wrapping Paper Standards 

Comparative research has first measured natural papers against commercial standards, primarily 
based on some basic parameters, such as grammage and pH. When research developed, the 
comparisons were much more advanced, but the gap still remains when all standard criteria are 
taken into account. Hypothesis 3: Natural wrapping paper with essential oil additives can meet or 
exceed selected commercial wrapping paper standards in terms of chemical and physical properties. 

Alkalization and Delignification Processes 

Research in processing techniques such as alkalization and delignification started with the 
maximization of pulp production from agricultural waste. With time, research showed that both 
techniques improved paper quality but evaluation with essential oil is not altogether provided. 
Hypothesis 4: Both methods are greatly responsible for the enhancement of quality in natural 
wrapping paper so that the essential oil can better be mixed. 

Environmental Advantage of Using Banana Peel Waste 

Early literature acknowledged the environmental advantages of using agricultural waste, such as 
banana peels, to minimize landfill impact. Later studies focused on the possibility of sustainable 
packaging materials, but full life cycle assessments are still very few. Hypothesis 5: The use of 
banana peel waste for natural wrapping paper production has significant environmental advantages 
in terms of waste reduction and sustainability. 

Method 

This section reports on the research methodology applied in terms of doing the quantitative 
investigation of the proposed hypotheses. It contains details on how data was gathered, types of 
variables used, and the analytical techniques applied in determining the wrapping paper natural 
properties. 

Data 

Data was collected through a series of experimental trials on the production of natural wrapping 
paper from banana peel waste, conducted between 2021 and 2023. The process involved the 
alkalization and delignification of banana peels using NaOH, followed by the addition of essential 
oils (cinnamon, lemon, clove, and lime) in varying concentrations. Sampling focused on papers 
produced under controlled laboratory conditions, ensuring consistency across trials. The data 
collection consisted of precise measurements of chemical and physical properties such as pH, water 
content, grammage, and brightness in comparison with commercial standards. 
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Variables 

The independent variables of this study are the types and concentrations of essential oils used as 
additives. Dependent variables include the chemical properties (pH, water content) and physical 
properties (grammage, brightness) of the produced paper. Control variables include the processing 
conditions (temperature, alkalization time) and initial banana peel quality. Relevant literature is 
referenced to justify the selection and measurement methods of these variables, thus ensuring 
reliability and validity in the analysis. 

Results 

This section presents the results of the experimental evaluation of natural wrapping paper produced 
with essential oil additives. It contains in-depth analyses of the chemical and physical properties of 
the paper, its conformity to commercial standards, and the implications for sustainable packaging 
solutions. The results confirm the hypotheses set out in the literature review, thus proving the 
efficacy of essential oil additives in improving the quality and sustainability of paper. 

Effect of Essential Oils on Chemical Properties 

This finding supports Hypothesis 1, as the addition of essential oils has a significant impact on the 
chemical properties of natural wrapping paper. Experimental data indicate that papers with essential 
oil additives have improved pH stability and lower water content, which makes them better 
preserved and more durable. The key independent variables are the type and concentration of 
essential oils, while the dependent variables focus on pH and water content measurements. 
Empirical importance implies that the essential oils add to the chemical stability of the paper. Thus, 
there are reasons supporting theories about natural preservatives. It addresses some research gaps 
of the previous research in terms of evidence of chemical benefits from adding essential oils. 

Impact of Essential Oils on Physical Properties 

The result affirms Hypothesis 2 by showing that the essential oils do have effects on the physical 
properties of natural wrapping paper. Analysis of texture, flexibility, and aroma reveals that specific 
essential oils, particularly cinnamon and clove, enhance these attributes. Key independent variables 
include essential oil types and concentrations, while dependent variables focus on texture and 
flexibility assessments. The empirical implications indicate that essential oils contribute to the 
physical appeal of the paper, aligning with consumer preferences. This finding fills the gaps in 
understanding the physical effects of essential oil additives, indicating that they contribute to 
enhancing paper quality. 

Commercial Wrapping Paper Standards 

This finding supports Hypothesis 3, as natural wrapping paper with essential oil additives is up to 
commercial standards. Comparative analysis with commercial wrapping papers shows that the 
papers with cinnamon and clove oils meet the ISO standards in pH, water content, and grammage, 
except for the lemon oil at 2%. The key variables are the concentration of essential oils and 
standard parameters (pH, grammage). The empirical significance suggests that essential oils 
increase the paper's compliance with industrial standards, pointing to their practical value. This 
finding fills some gaps on the commercial quality that can be achieved through natural wrapping 
paper, which might become a sustainable alternative. 

Alkalization and Delignification 

This finding supports Hypothesis 4, which states that the process involving alkalization and 
delignification improves the quality of natural wrapping paper. From the experimental data, there 
were improvements in pulp extraction and integration of essential oils, making the paper more 
high-quality. Important independent variables involve the processing conditions-temperature, 
time-and the dependent variables pertain to indicators of paper quality (pH and grammage). The 
empirical implication is that the processes play an important role in optimizing the paper 
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production according to the theory concerning material processing. This provides the gap 
concerning understanding the processing advantages and that is their involvement in improving 
paper quality. 

Impact of Banana Peel Waste on Environment 

This finding validates Hypothesis 5, emphasizing the environmental benefits of using banana peel 
waste for natural wrapping paper production. Life cycle assessments reveal significant reductions 
in waste and resource consumption, promoting sustainability. Key independent variables include 
waste utilization and resource inputs, while dependent variables focus on environmental impact 
metrics (waste reduction, resource savings). Empirical significance: Banana peel waste provides a 
safe basis for sustainable packaging in line with environmental conservation theories. The research 
presents the agricultural wastes' potential in producing sustainable materials and fills any gap in the 
assessment of their environmental benefits. 

Conclusion 

The present study concludes that essential oil additives enhance the chemical and physical 
properties of natural wrapping paper from banana waste to meet commercial standards, providing 
environmental benefits. This improves preservation, strength, and also consumer appeal when 
essential oils are integrated. With this paper, the authors also note the existence of certain 
disadvantages, like their focus on the use of selected essential oils in addition to calling for 
longer-time assessments. This study calls upon future research in this field, where various other 
additives could be tested along with thorough assessments for environmental impacts. By 
addressing these aspects, future studies can further elucidate the possibilities of sustainable material 
innovations and contribute to waste minimization and implementation of eco-friendly practices 
across the globe. 
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