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Biodegradable Bowls Using Rice Bran: A Sustainable Pathway for Small-Scale Farmers
Abstract
 
 India holds the third position worldwide in the generation of single-use plastic (SUP) waste, contributing above 5 million tonnes per year. The escalating issue of environmental pollution due to plastic waste has intensified the search for sustainable alternatives, particularly within the food packaging sector. The plentiful rice husk (RH), a by-product of rice farming, offers a promising avenue for the production of biodegradable containers that could replace single-use plastics. This research aims to explore the development and feasibility of biodegradable bowls made from rice bran, an agricultural waste material. The focus of this study is to creating of biodegradable containers from Rice husk through thermo-pressing techniques. We assessed the effects of the RH to starch ratio (w/w %), pressing temperature (°C), and duration (minutes) on the hardness, colour variation, and density of the bowls, with the goal of optimizing the manufacturing process. A cost-effective manual die machine has been designed to process agricultural residues, enabling rural smallholders and women entrepreneurs to produce valuable products, thereby fostering circular economies and sustainable income. This research presents an innovative approach to addressing plastic waste while simultaneously enhancing the livelihoods of individuals in rural communities through the introduction of biodegradable rice bran bowls.
Keywords. Rice bran, Wheat starch, Finger millet flour, Corn starch, Glycerol, Areca leaf, Die machine, and Heating element.
I.INTRODUCTION

SUP (Single use plastics) based on expanded polystyrene (EPS) are prevalent in food packaging due to their low density, superior thermal insulation, high tensile strength, and affordability. The Global plastic production reached 400 million metric tons in 2022. The production has been steadily increasing, with projections indicating it could reach above 1 billion metric tons by 2050. Commonly, SUP waste is either buried, compromising the quality of air, water, land, oceans, and human health.

Annually Tamil Nadu produces approx. 7.85 million metric tons of rice. The average rice husk yield in Tamil Nadu can vary, but generally, it's estimated to be around 18-22% of the total paddy yield. More than 15% of the rice husk produced annually is used for industrial heating and energy production. Typically rice husk was utilised for animal feed, biomass, and organic fertiliser production, Rice husk with its high cellulose, silica, lignin, and moisture content, and a bulk density ranging from 90-150 kg/m³ provide an opportunity for creation of environmentally friendly materials. This study focuses on producing biodegradable bowl from Rice husk and starch via a thermo-pressing process.
A cost-effective manual die machine has been developed to treat agricultural residues to produce useful products by rural smallholders and women entrepreneurs, enabling circular economics and sustainable income. Also, we are producing Areca leaf bowls by using same die machine. This study highlights an innovative solution to plastic waste and is well as a step towards improving livelihoods for those in rural areas, through the introduction of biodegradable rice bran bowls.
2.MATERIALS AND METHODS
2.1. Die Machine
The manual die machine is designed to be cost-effective, durable, and easy to operate, allowing farmers to manufacture biodegradable cups without the need for expensive industrial equipment. The manufacturing process involves drying, grinding, and mixing agricultural residues with natural binders, followed by molding the mixture using a manually operated die press. The resulting cups are biodegradable, non-reactive, and safe for food packaging, making them a viable alternative to plastic cups.
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Fig..1. Design of die & mold
 
The Bowl having dimension of 120 mm (12cm) of upper diameter, 60 mm (6cm) of bottom diameter, height of 60 mm (6cm) and thickness of 5mm. The Die and Mold is made up of Aluminium 
Fig.2. Die Mold Fabrication
material which gives more efficiency in conduction of heat. The Die is heated by using cotton candy Heating element.

2.2. Material used for bowl making 
	S.No
	Type of Materials

	1
	Rice Husk

	2
	Paddy straw

	3
	Modified Starch (Corn)

	4
	Ragi flour

	5
	Wheat flour

	6
	Glycerol

	7
	Water

	8
	Coconut oil


The process begins with gathering the necessary materials: rice husk powder, straw powder, corn starch, 2 to 3 tablespoons of glycerol, water, and coconut oil, which will be used as a Mold release agent.

Fig.3. Flowchart of Bowl Making
First step is preparation of the binder. 100 grams of corn starch is taken and mixed in 150 millilitres of water in a small cooking pan without any lumps. This mixture is added 2 to 3 tablespoons of glycerol and, if used, one teaspoon of vinegar. All the ingredients are stirred and then the mixture is placed on heat by cooking over low heat while keeping it continuously in motion. In a period of 2 to 3 minutes, it becomes a sticky, jelly-like paste. This binder is permitted to cool a little before proceeding to the next phase.

After preparing the binder, the powders of rice husk and straw are well mixed in a different bowl so as to distribute them evenly. The cooked and hot binder is slowly incorporated into the dry mixture, and all of these are hand-kneaded until the mixture turns into dough form. 

     Coconut oil is used to grease the interior of the mould before moulding to avoid sticking. The dough prepared is then pushed tightly into the Mold, giving it the intended shape. Where there are two Molds available, a second one may be placed on top to compress the mixture and give it a smoother, better-defined shape.
      Drying methods involve removing moisture from materials to preserve them, reduce volume, or for various other purposes. Common methods include sun drying, air drying, and various industrial techniques like oven drying.
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Fig 4 Final Equipment
Table.1. Initial Composition of Bowl
	Materials used
	Composition
	Result

	Rice husk, binding agent, water
	60g: 30g: 20%
	Bowl having several cracks

	Rice husk, starch, binding agent, water
	60g: 20g: 35g: 20%


	Bowl having minimum crack

	Rice husk, starch, binding agent, water
	50g: 30g: 35g: 20%


	Irregular shaped


  
Fig.5. Minimum Cracked Bowl
A comparative test of alternative material compositions applied in the production of biodegradable bowls made from rice husk and different additives. The research explores how various mixtures and ratios of ingredients influence the shape and strength of the end product.
In the initial test, a 60g:30g:20% mixture of rice husk, a binding agent, and water was used, and the bowl formed showed some cracks. This suggests that without a structural component such as starch, there could be compromised integrity and greater vulnerability to cracking.

In the second test, starch was incorporated into the mixture along with rice husk, binder, and water in the ratio of 60g:20g:35g:20%. The addition of starch greatly enhanced the outcome, yielding a bowl with few cracks. This indicates that starch has an important role in increasing the binding and elasticity of the material, resulting in improved structural performance.
Table.2.Final Composition of Bowl

	Materials used
	Ratio
	Result

	Rice husk, Ragi residue, Corn starch, Glycerol, water
	30g: 30g: 20g: 2ml: 20%
	Not sufficient mixture to make full bowl

	Rice husk, Wheat residue, Corn starch, Glycerol, water
	40g: 40g: 30g: 2ml: 20%


	Bowl having minimum crack and over the time attacked by fungi

	Rice husk, Ragi residue, Corn starch, Glycerol, water
	30g: 60g: 30g: 2ml: 20%
	Perfect shaped Bowl without any cracks

	Rice husk, Refined wheat residue, Corn starch, Glycerol, water
	30g: 60g: 30g: 2ml: 20%


	Bowl having very minimal crack and doesn’t attack by any fungus

	Rice husk, Refined wheat residue, Corn starch, Glycerol, water
	60g: 30g: 30g: 2ml: 20%


	Bowl doesn’t have smooth surface due to excessive rice husk


The table summarizes the outcomes of various material ratios and combinations employed in the manufacture of biodegradable bowls with regards to structural strength, surface finish, and susceptibility to fungal attack.
Sample 1: In the initial preparation, the combination of rice husk, Ragi residue, corn starch, glycerol, and water in a proportion of 30g:30g:20g:2ml:20% was not enough to make a full bowl. This shows that the amount of material utilized was too low, probably not enough to fully fill the mold or yield sufficient structure.
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Fig 6.Final product of sample1
Sample 2: The second blend employed rice husk, wheat residue, corn starch, glycerol, and water in a ratio of 40g:40g:30g:2ml:20%. This blend yielded a bowl with few cracks. Nonetheless, it was prone to fungal growth in the long term, indicating that although the mechanical integrity was satisfactory, biological durability was impaired, likely due to the organic character of wheat residue.
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Fig 7.Final product of sample2
Sample 3: During the third test, rice husk, Ragi residue, corn starch, glycerol, and water were blended 30g:60g:30g:2ml:20%. Using this formulation created a bowl without any cracks with the exact form, showing that ragi residue, when increased in quantity, added to both structural support as well as bowling form.
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Fig 8..Final product of sample1
Sample 4: Then, another formulation with refined wheat residue in place of Ragi residue—at 30g:60g:30g:2ml:20%—yielded a bowl with extremely little cracking and no fungal growth. This indicates that refined wheat residue is likely to promote durability and be more resistant to microbial degradation compared to unrefined or other crop residues.
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Fig 9.Final product of sample 4
Sample 5: Lastly, a combination of high rice husk content (60g) with refined wheat residue, corn starch, glycerol, and water in the ratio of 60g:30g:30g:2ml:20% yielded a bowl that did not have a smooth surface. This, therefore, suggests that too much rice husk content impacts the texture of the product, possibly because of its coarseness and lack of binding ability when in excess.
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Fig 10.Final product of sample 5
    In general, the results highlight the need to balance different agricultural residues and additives to attain the desired quality, appearance, and durability for biodegradable bowl production.
2.3. Bowl making process for Areca Leaf


.

Fig 11. Bowl making process for Areca Leaf
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Fig 12.Final product for Areca Leaf
The production of a bowl from areca leaves is a quick and sustainable process that goes through four major steps: leaf collection and preparation, softening of the leaves, shaping of the leaves, and lastly drying the product.

The initial step is gathering and preparing the areca leaves. This entails picking large, mature, and healthy leaves that are undamaged. The leaves are properly washed to get rid of any dirt, dust, or insects, making them clean and ready for further treatment.

Then comes softening the leaves, which is necessary to make them pliable and easier to handle. This is usually accomplished by soaking the leaves in warm water for around 10 to 15 minutes. The softened consistency allows the leaves to shape according to the mold shape without cracking or tearing.

After the leaves are soft and flexible, step three is pressing them into a mold. The final shape for the areca leaf is created using a bowl-shaped mold made of Aluminium. The leaves are placed carefully inside and pressed. The last process is drying, which makes the pressed leaves hard and durable as a bowl. It can be air dried in sunlight for one to two days or baked in a controlled low oven. Drying makes the bowl strong enough for actual use.

Generally, this process provides an eco-friendly means of manufacturing biodegradable bowls for food serving purposes, particularly for use at environmentally friendly events.
3. RESULT AND DISCUSSION

3.1. Hardness test 
Hardness is the ability of a product to withstand permanent deformation, including indentation, abrasion, wear, and scratching. In this investigation, a hardness tester was employed to assess the load capacity of the container. 
3.2. Thickness and Density 

A micrometer was utilized to ascertain the thickness of the Rice husk bowl. The density was derived from the relationship between weight and thickness.
3.3. Samples analysis 
 
The biodegradable product created has undergone a series of tests to certify its quality for application in food packaging use. The compression strength of the product is recorded at 200N (or 20 kilograms-force), and this is high enough to bear the weight of food products as well as accommodate stacking without deformation or collapse. Regarding resistance to impact, the material carries a rating of 2.5 kJ/m² (Izod/Charpy), which means that it will resist drops or shocks without breaking, and therefore is durable when handled and transported.

 
The water absorption is 8.5%, which is of utmost importance when it comes to food-related applications. Although a moderate value for absorption, this is generally below what is optimal to avoid water penetration.
Application of a coating can assist with minimizing water gain if needed. The material is thermally stable and can remain at temperatures between 100°C and deforming or leaching for 10 minutes, as it is appropriate for hot food.

 
As far as pH resistance is concerned, the material is stable throughout normal food pH values, not breaking down or leaching harmful compounds when it comes into contact with  acidic or alkaline foodstuffs. On the basis of environmental sustainability, the material has good prospects of biodegradation, with a loss of 
60% weight in 90 days of composting condition, making it suitable for natural degradation and home omposting.

 
Finally, the material has good mold resistance with no observable mold growth at 15 days under 30°C and 40% relative humidity. This     

TABLE .3. Physical, Chemical, and Environmental Performance of Food-Grade Material
	Test
	
	Value
	Result

	Compression Strength
	
	200N (20kgf)
	Enough to withstand food weight and stacking

	Impact Resistance (Izod/Charpy)
	
	 2.5 kJ/m²
	Resistance to breakage on drops

	Water Absorption
	
	8.5% 
	Lower is better; add coating if needed

	Thermal Resistance
	
	Withstand 100°C for 10 mins (no deformation or leaching)
	For hot food compatibility

	pH Resistance
	
	Stable in pH 
	Should not degrade or leach in typical food pH range

	Biodegradability
	
	 60% weight loss within 90 days
	For home compost or natural environment

	Mold Resistance
	
	No visible mold after 15 days in 40% RH at 30°C
	Hygienic storage capability


reflects a potential for hygienic storage, important for shelf life and food safety. Overall, the physical
 strength, thermal and pH stability, biodegradability, and mold resistance of this material make it a promising choice for environmentally friendly food package solutions.
GRAPH 1:Thermal Resistance Vs Sample
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GRAPH 2. 
Biodegradability(90 Days)(%) vs Sample
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GRAPH 3. 

Impact Resistance (kj/m2) vs sample
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Mold Growth(%) Vs Sample
GRAPH 5.
pH Stability Index (%) vs Sample
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The comparative analysis of all five samples through mechanical, thermal, and biodegradation tests clearly demonstrates that the composition of raw materials plays a critical role in determining the performance of biodegradable bowls. The compression strength and impact resistance graphs revealed a consistent improvement from Sample 1 to Sample 4, indicating that the incorporation of refined wheat residue and an optimized starch ratio significantly enhanced the structural integrity and toughness of the bowls. In contrast, excessive rice husk in Sample 5 resulted in a slight decline in strength due to increased brittleness and surface roughness.

 
The water absorption trend showed a progressive reduction from the first to the fourth sample, reflecting improved compactness and lower porosity, while the slight rise in Sample 5 confirmed the influence of coarse husk fibers on water permeability. Thermal resistance also increased steadily across samples, with Samples 3 and 4 withstanding up to 100°C without deformation, ensuring their suitability for serving hot food. Similarly, the pH stability graph demonstrated that Sample 4 remained chemically stable across both acidic and alkaline food conditions, preventing structural degradation or leaching.

 
In terms of biodegradability, the materials exhibited an environmentally favorable decomposition profile, with weight loss reaching 60–65% within 90 days under composting conditions. Although Sample 3 degraded the fastest due to higher ragi content, Sample 4 achieved an ideal balance between durability and biodegradation rate. Mold resistance tests further confirmed that Sample 4 remained completely free of fungal growth even under warm and humid storage conditions, highlighting its hygienic stability and extended shelf life.

 
Overall, the collective results from all seven performance parameters confirm that Sample 4 (Rice husk 30 g + Refined Wheat residue 60 g + Corn starch 30 g + Glycerol 2 ml + Water 20%) offers the best combination of mechanical strength, thermal endurance, moisture resistance, pH stability, biodegradability, and microbial safety. This optimized formulation proves to be the most effective and sustainable choice for the production of biodegradable bowls, aligning well with the objectives of reducing plastic waste and promoting eco-friendly alternatives for small-scale rural manufacturing.
CONCLUSION

      This study effectively proves the feasibility of manufacturing biodegradable bowls from rice husk and other farm residues such as ragi and wheat flour, blended with natural binders like corn starch and glycerol. By designing a low-cost manual die machine, the research highlights an innovative, low-technology solution that can be taken up by small farmers and rural entrepreneurs, particularly women, to convert farm waste into value-added products.

Extensive series of testing was undertaken to assess physical, thermal, and biological performance of the bowls. The results established the following salient points:

· Biodegradable bowls were successfully developed using rice husk, refined wheat residue, corn starch, glycerol, and water through a thermo-pressing process.

· Among the five tested formulations, Sample 4 showed the best overall performance in terms of strength, stability, and biodegradability.

· The compression strength of 200 N ensures the bowl can withstand stacking and handling during food service.

· The impact resistance of 2.5 kJ/m² indicates high toughness and resistance to accidental drops.

· The water absorption rate (≈8%) was found to be the lowest in Sample 4, proving better resistance to moisture penetration.

· The thermal resistance up to 100°C for 10 minutes confirms suitability for serving hot foods without deformation.

· The bowls remained chemically stable across the pH range of 4–9, showing no leaching or structural degradation.

· The biodegradability test recorded around 60% weight loss in 90 days, indicating excellent compostability under natural conditions.

· The mold resistance test confirmed no visible fungal growth after 15 days of storage at 30°C and 40% relative humidity.

· Sample 4 (Rice husk 30 g + Refined Wheat residue 60 g + Corn starch 30 g + Glycerol 2 ml + Water 20%) was identified as the optimal composition for producing high-quality biodegradable bowls.

· The developed product demonstrates a feasible, low-cost, and eco-friendly alternative to single-use plastic containers.

· The study also highlights the potential for rural entrepreneurs and small-scale farmers to convert agricultural residues into valuable sustainable packaging products.

Further, the study contrasted different formulations of rice husk, starches, and residues. The best combination consisted of refined wheat residue and ragi flour, which yielded least cracking, excellent surface quality, and fungal resistance.
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