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ARTICLE INFO  ABSTRACT 
 
 

The study addressed the imperative challenge of waste reduction and environmental impact by 
proposing a novel approach to create eco-friendly paper plates from transformed rice husks and banana 
peels. The objective was to explore the viability of these agricultural and organic waste materials as 
alternative resources for paper plate production, mitigating environmental harm and fostering resource 
efficiency. This experimental study evaluated the resulting eco-friendly paper plates' physical properties 
and consumer perceptions, considering tensile strength, thickness, water absorbency, and burst strength. 
The research contributed to sustainable practices by introducing an innovative paper plate base material 
and assessing its potential for broader adoption. The methodology involved combining rice husk and 
banana peels, assessing physical attributes, and gauging consumer preferences through surveys. 
Detailed examinations were presented in the tables that covered physical properties, consumer options, 
and practical attributes of these innovative plates. The findings implied that despite variations and 
limitations, eco-friendly paper plates held promise in terms of both physical properties and consumer 
perceptions, aligning with the sustainability trend and enhanced product qualities. Additionally, the 
study explored various materials to create an environmentally friendly paper plate. The researchers 
advised adjusting the rice husk to banana peel ratio for customized results and suggested adhering to 
industry and government standards for quality and uniformity, ensuring consumer and business 
acceptance. This innovation aligned with the growing demand for environmentally conscious products 
and showcased the viability of utilizing agricultural waste for creating functional and environmentally 
beneficial consumer goods. 
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INTRODUCTION 
 
Paper plates were widely used for serving food due to their 
convenience. Despite being compostable and biodegradable, their 
production contributed to deforestation, causing the loss of around 4 
billion trees annually. To address this issue, making paper plates from 
rice husk and banana peel offered a solution. Conventional paper 
plate production relied on wood pulp, leading to forest depletion and 
biodiversity loss. Utilizing agricultural waste like rice husk and 
banana peel as alternatives can decrease the demand for wood-based 
materials, reducing deforestation and promoting sustainable land 
practices. Banana peels were quickly grown and harvested but were 
often underutilized, primarily used as natural fertilizer and animal 
feed. The significant environmental concern posed by banana peel 
waste arose from its substantial percentage (30% to 40%) of the total 
banana weight (Ewing-Chow, 2022).  

 
 
 
 
This resulted in a yearly global waste of about3.5 million tons of 
banana peel, containing carbon-rich organic compounds that can take 
years to break down, releasing odorous gases and greenhouse 
emissions contributing to climate change.The Philippines, a major 
banana producer, had a challenge in mitigating this wastage, 
particularly in the CALABARZON region, with tens of thousands of 
tons of discarded banana peel, according to a study conducted by the 
Department of Agriculture in the Philippines. The high cellulose 
content of banana peel also offered potential for paper production. To 
address these issues, optimizing banana peel utilization could lead to 
more sustainable practices and products (Agustina, 2018). The 
Philippines, a significant global rice producer, needed help with 
substantial waste from rice husks. Despite being the seventh-largest 
rice producer, only 5% of the 1.8 million metric tons of rice husks 
produced annually were used productively for energy generation and 
soil enhancement. At the same time, the majority were discarded 
through incineration or decay, contributing to environmental 
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degradation. The growing waste issue was evident from the estimated 
3.96 million metric tons of rice husk waste in 2021, a consequence of 
increasing rice consumption (Barra et al., 2022). Efforts were being 
madeto repurpose agricultural waste like rice husks and banana peels. 
Research has shown that rice husk fibers, rich in cellulose, were ideal 
for paper production due to their strength and durability. Moreover, 
lignin found in rice husks could be utilized to create sustainable 
polymers. Investigations had explored rice husk-filled polymeric 
composites, studying their impact on various materials. The 
versatility of rice husks extended to uses like insulation and animal 
feed, making them a valuable resource (Prasanniya, 2023). This 
highlighted the potential to transform waste into valuable products 
and promote sustainable practices in various industries. Sourcing rice 
husks from local farmers in Calauan, Laguna, could bring about 
substantial benefits for these stakeholders. For local farmers, using 
rice husk and banana peel can create an additional stream of income 
that taps into resources that would otherwise go to waste. 
Additionally, this approach could lead to a more positive public 
image for market vendors, showcasing their commitment to 
sustainable practices. By creating a symbiotic relationship between 
local farmers and market vendors, sourcing rice husk and banana peel 
can foster economic growth, reduce waste, and promote sustainable 
practices in Laguna. This collaborative effort aligned with global 
trends in sustainable agriculture and positioned the local community 
for long-term prosperity while fostering environmental stewardship. 
In support of sustainable practices, this study emphasized the 
importance of embracing resource efficiency and sustainable practices 
by transforming rice husk, banana peel, and recycled paper into eco-
friendly paper plates. Through repurposing waste as a valuable 
resource, it did not only address environmental concerns but also 
offered a practical and eco-conscious alternative for the sustainable 
production of eco-friendly paper plates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

METHODOLOGY 
 
The researchers employed an experimental design to test the 
combination of rice husk, banana peels, and recycled paper for 
creating eco-friendly paper plates. Two treatment solutions for rice 
husk and banana peels were developed and tested for thickness, burst 
index, tensile strength, and water absorbency. The FPRDI Pulp and 
Paper Testing Laboratory in UPLB served as the source for 

evaluating the physical properties of the paper plates. Consumer 
perceptions were assessed through surveys targeting eco-friendly 
consumers, street vendors, households, and event attendees. The 
study involved a sample size of 120 participants with a set alpha error 
threshold of 0.10 and a 90% power level, striving for enhanced 
precision in identifying actual effects, represented by a Cohen's d 
effect size of 0.30. The materials selection process was crucial, 
aiming to identify sustainable materials meeting the functional 
requirements of eco-friendly paper plates while minimizing 
environmental impact. The study delved into various material options, 
from recycled paper to biodegradable plastics and plant-based 
substrates, exploring alternatives to traditional disposable dining 
products. 
 
The treatment solution code 256 pertains to the sodium hydroxide to 
water and rice husk solution wherein the sodium hydroxide will be 
responsible for breaking down the molecular structure of the rice 
husk, almost turning it into a slimy texture which is desirable for the 
grinding and mixing procedure towards the end. The treatment 
solution code 256 was observed to have a 1 hour and 30 minutes 
cooking time because it was found during the trial and error that any 
less than the time determined would result in the rice husk to be still 
quite tough, almost not changing its molecular structure.  Meanwhile, 
the treatment solution code 367 pertained to the sodium hydroxide to 
water and banana peel solution wherein again the sodium hydroxide 
took care of the breaking down of the molecular structure of the 
banana peel, making it soft, which is desirable for the grinding and 
mixing procedure at the end. The treatment solution code 367 
underwent 10 minutes of cooking time as it was discovered during 
trial and period sessions that the optimal time of cooking for banana 
peels should be around the time frame; lower time would result in the 
material being unbothered while higher time would result in the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
material being too mushy and would eventually mix in with the water 
due to overcooking and over breakdown. The treatment solution code 
489 was combined and gradually soaked the recycled paper in water 
enough for the soaked material to be easily ground towards the final 
mixing. The treatment solution code 489 did not require cooking time 
as soaking the material in water gradually could change its molecular 
structure. The eco-friendly paper plates underwent lab testing to 
determine their physical properties, with experiments set for further 
refinement. The questionnaire was validated by an expert and then 

Table 1. Materials 
 

Materials Specification Source Quantity 
Rice Husk Solution: 
Rice Husk    Rice Mill Plant (Calauan)  250 grams  
Water Tap water  2000 ml 
Sodium Hydroxide (NaOh) Food Grade (caustic soda) Online Shop (Lazada) 80 grams 
Banana Peel Solution: 
Banana Peels   Ripe: could be green with a trace of yellow to yellow 

with a trace of green  
Picked up with room temp storage  

Vendors’ waste (Calamba City 
Public Market)  
  

750 grams  

Water Tap water  4000 ml 
Sodium Hydroxide (NaOh) Food Grade (caustic soda) Online Shop (Lazada) 180 grams 
Recycled Paper Solution: 
Recycled Paper  White paper: bond paper, Oslo paper, and typewriting 

paper  
Junkshops, Printshops, and offices 
(Calamba)  

100 grams  

Water Tap Water  500ml 
Materials: 
Water  Tap Water    7 liters  
Stainless steel Deep Basin   35cm (22” x 16”)    1 unit  
Plastic Pail   20 L    1 unit  
Measuring Cups      1 unit  
Weighing Scale  Electronic kitchen scale (sf-400 digital scale max. 5kg)    1 unit  
Mold and Deckle   14’’ x 16’’    1 unit  
Blender  1000 watts    1 unit  
Pelon Cloth  20’’ x 20’’    20 yards  
Dishwashing Sponge      2 units  
Stock Pot  11 quarts use stainless steel    2 units  
Wooden Boards   10’’ x 50’’    2 units  
Plate Molder  9-inch dia.    2 units  
Vinyl Gloves    Online Shop (Lazada)  1 box of 100  
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used in a survey to gauge consumer acceptability. The study involved 
experiments and surveys to gather and analyze numerical data, 
ensuring accuracy. Statistical analysis, using weighted mean and 
frequency percentage distribution, assessed variable values, including 
the ratios of banana peel mixtures and rice husk used. Collected raw 
data was organized into tables, depicting product components, 
manufacturing processes, and quality assessment through various 
experiments. Tensile strength, water absorbency, burst strength, and 
thickness were measured and compiled into detailed tables.
data, evaluated through a 9-point scale, aimed to measure variability 
and analyze quality and consumer perception variables. The 
questionnaire was validated by an expert, and the results were 
presented in tables with thorough explanations and interpretations.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS AND DISCUSSIONS
 
The section meticulously examined consumer perceptions of eco
friendly paper plates made from rice husk and banana peels. Insights 
from participants provided valuable understanding of the product's 
market acceptance and its alignment with sustainable consu

Table 2. Rice Husk Treatment Solution (Code 256)

Table 3. Banana 
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RESULTS AND DISCUSSIONS 
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friendly paper plates made from rice husk and banana peels. Insights 
from participants provided valuable understanding of the product's 
market acceptance and its alignment with sustainable consumption 

trends. Rigorous testing in the Pulp and Paper Testing Laboratory 
generated detailed results, analyzing the paper plates' burst strength, 
tensile strength, water absorbency, and thickness. These analyses 
provided a comprehensive understanding of the
properties and its potential for versatile applications, contributing 
significantly to the discourse on sustainable material innovation. 
Based on the comparison from other studies and presented test values 
of the laboratory test results, it could be concluded that the thickness 
of the eco-friendly paper plate made from rice husk and banana peel 
is thinner compared to the pineapplepulp paper; this was also 
supported due to the inconsistency and lightness of the paper which 
tends to be more fragile and brittle as a prototype.
between the eco-friendly paper plate made from rice husk and banana 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
peel and the pineapple pulp paper presented in Lewkittayakorn et al. 
(2020) indicated that the absence of hot
coatings resulted in lower burst index and water absorbency values 
for the rice husk and banana peel prototype. Specifically
of these elements contributed to the relatively lower burst index and 
nearly similar water absorbency levels compared to the pineapple 
pulp paper. For the tensile index, the rice husk and banana peel

 

Figure 1. Process Flow Diagram of the Study 
 

Table 2. Rice Husk Treatment Solution (Code 256) 
 

Components Measurements 
Rice Husk 250 grams 
Water  2000 ml 
Sodium Hydroxide 80 grams 

 

Table 3. Banana Peel Treatment Solution (Code 367) 
 

Components Measurements 
Banana Peel 750 grams 
Water  4000 ml 
Sodium Hydroxide 180 grams 
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trends. Rigorous testing in the Pulp and Paper Testing Laboratory 
generated detailed results, analyzing the paper plates' burst strength, 
tensile strength, water absorbency, and thickness. These analyses 
provided a comprehensive understanding of the product's physical 
properties and its potential for versatile applications, contributing 
significantly to the discourse on sustainable material innovation. 
Based on the comparison from other studies and presented test values 

, it could be concluded that the thickness 
friendly paper plate made from rice husk and banana peel 

is thinner compared to the pineapplepulp paper; this was also 
supported due to the inconsistency and lightness of the paper which 

e fragile and brittle as a prototype. The comparison 
friendly paper plate made from rice husk and banana  

peel and the pineapple pulp paper presented in Lewkittayakorn et al. 
(2020) indicated that the absence of hot-pressing and chemical 
coatings resulted in lower burst index and water absorbency values 
for the rice husk and banana peel prototype. Specifically, the absence 
of these elements contributed to the relatively lower burst index and 
nearly similar water absorbency levels compared to the pineapple 
pulp paper. For the tensile index, the rice husk and banana peel-based 
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prototype showcased stronger tensile strength compared to the 
pineapple pulp paper, suggesting a favorable choice for using this 
combination of materials in paper-making processes. Therefore, 
implementing hot-pressing and coatings could potentially strengthen 
the burst index and enhance water absorbency for eco-friendly paper 
plates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The research focuses on the evaluation of an eco-friendly paper 
plate's attributes, revealing that while it possesses a reasonably 
balanced and moderately appealing visual design, improvements are 
needed to enhance its resemblance to conventional plates for higher 
visual attractiveness. Respondents rated the plate's visual appeal, 
color scheme, effectiveness in mimicking conventional plates, and 
functionality. The results show a moderate rating across these 
attributes, indicating room for advancement to achieve higher visual 
appeal and similarity to conventional plates, despite the plate's 
reasonable functionality and user satisfaction. The surface texture and 
durability of eco-friendly paper plates play pivotal roles in the users' 
dining experience. A moderately positive perception was noted 
regarding the texture's comfort level and the discernibility of natural 
fibers in the plate, contributing to the eco-friendly aspect. The 
observed durability of the plates, even when soaked in liquid, was 
positively received, indicating their potential for long-lasting use. The 
texture of the plates was seen to enhance food presentation, 
influencing the overall visual appeal and contributing to consumers' 
dining experiences.  

The plates' appearance, texture, shape, size, and color collectively 
influence customers' perceptions, impacting their dining experiences 
and overall impression of the food. These findings suggest the 
importance of such attributes in shaping consumer perception and the 
overall dining experience. 
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