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Abstract: The growing environmental concerns associated with plastic waste have highlighted the need for sustainable 
alternatives in food packaging. This study focuses on the development of biodegradable cups using natural agro-waste materials 
such as onion peel (Allium cepa), orange peel (Citrus sinensis), rice bran (Oryza sativa), reinforced with silver nanoparticles 
(AgNPs) to enhance antimicrobial properties and improve the overall functionality of the cups. Onion peel extract plays a dual 
role, acting as a natural reducing and stabilizing agent for the green synthesis of AgNPs while also contributing to the structural 
integrity and biodegradability of the cups. Orange peel and rice bran are incorporated as reinforcing agents to improve the 
mechanical strength, thermal stability, and durability of the biopolymer matrix, making the cups more resilient for practical use. 
The addition of AgNPs further boosts antimicrobial efficacy, ensuring the cups provide an added layer of protection against 
microbial contamination, thereby enhancing food safety and extending shelf life of the cups. The developed cups are subjected to 
various analyses to assess their physicochemical properties, biodegradation behavior of the developed cups. The results indicate 
that the integration of agro-waste materials and silver nanoparticles leads to a robust biodegradable material. This eco-friendly 
approach not only reduces the valorization of agricultural by-products, aligning with the principles of sustainable development 
and circular economy. The development of these biodegradable cups contributes to global environmental conservation with 
promising sustainability. 
Keywords: Biodegradable cups, onion peel extract, silver nanoparticles (AgNPs), orange peel, rice bran, biodegradation, eco-
friendly, agro-waste, shelf life, sustainable development. 
 

I. INTRODUCTION 
Plastic pollutant has become a significant environmental concern, contaminating ecosystems worldwide. These human-derived 
materials have surpassed planetary boundaries, pushing us beyond the safe limits for sustainable living [Zimmermann et al., 2021]. 
Environmental issues associated with plastics include their low degradability and limited biodegradability, the decreasing 
availability of landfill space, the reliance on increasingly scarce petroleum-based fossil resources, and the harmful emissions 
produced during incineration [Ardanuy et al., 2012]. By 2050, plastics production and processing could represent up to 20% of 
global petroleum consumption and 15% of the annual carbon emissions budget [Agenda., 2016]. 
A potential solution for reducing disposable non-biodegradable cups is to replace them with (a) reusable cups, (b) biodegradable 
non-edible cups, (c) biodegradable edible cups. The polyethylene can be substituted with a biodegradable material, such as natural 
polymers [Shulga et al., 2023]. Biodegradable packaging serves as a replacement for synthetic plastic packaging [Attri et al., 2021]. 
While the 3R concept – Reduce, Reuse, Recycle-is widely advocated as a sustainable waste management approach [Yao et al., 
2024]. The replacement of petroleum-based plastics with bio-based polymers is essential, as the production of conventional plastics 
consumes approximately 65% more energy, is environmentally unsustainable, and results in 30-80% higher greenhouse gas 
emissions compared to bioplastics. Biodegradable polymers are derived from renewable resources, are fully biodegradable, and 
replicate the properties of conventional plastics such as polyethylene (PE), polypropylene (PP), and polyethylene terephthalate 
(PET) [Mangaraj et al., 2019].  
Vegetable fibers offer numerous advantages, including widespread availability, renewable nature, low density, low coefficient of 
thermal expansion, effective thermal and acoustic insulation, and high flexural and tensile modulus, among other benefits [Ardanuy 
et al., 2012]. It is widely recognized that plants typically contain anti-nutrients, which may result from the use of fertilizers and 
pesticides, as well as various naturally occurring compounds [Soetan et al., 2009]. 
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Fibers are valued for their distinctive properties, including low density, biodegradability, resistance to corrosion, wide availability, 
non-toxicity, and minimal carbon emissions [Komal et al., 2020]. Nanomaterials frequently enhance mechanical strength and 
durability by improving tensile properties. They also increase antibacterial effectiveness, which helps prolong shelf life [Xing et al., 
2021].  Red onions, in particular, contain between 415 and 1917 mg of flavonols per kilogram of fresh weight (FW) [Slimestad et 
al., 2007].  Sweet orange peels are a valuable source of pectin [Pandharipande et al., 2012]. Rice bran typically comprises 12-22% 
oil, 11-17% protein, 6-14% fiber, 10-15%moisture, and 8-17%ash [Sharif et al., 2014]. These by-products are of natural origin and 
are likely to decompose fully in nature without causing pollution [Olt et al., 2019]. 
 

II. LITERATURE REVIEW 
Biodegradable cups are produced by extracting biocomponents from plant-based sources like onion peel, orange peel, and rice bran. 
To boost antimicrobial effectiveness and prolong shelf life, these cups are reinforced with silver nanoparticles. Polyvinyl alcohol 
(PVA) coatings provide several advantages, such as improved barrier properties, water solubility, and biodegradability. 
Furthermore, the cups are enhanced with diverse natural materials, contributing to their overall sustainability.  
 
A. Green Synthesis of Silver Nanoparticles (AgNPs) 
Green synthesis using plant extracts as natural reducing agents has emerged as an eco-friendly approach. Bioactive compounds like 
flavonoids, phenolics, and terpenoids in these extracts help reduce silver ions and stabilize nanoparticles [Ortega et al., 2017]. 
AgNPs showed stronger antibacterial activity, as Gram-positive S. aureus was more vulnerable. The outer membrane of Gram-
negative E. coli acts as a barrier, limiting AgNPs penetration and reducing antimicrobial effectiveness [Xing et al., 2021]. Smaller 
AgNPs have higher diffusivity and antimicrobial activity due to their larger surface area [Senthil et al., 2017]. Key functional groups 
like hydroxyl (-OH), carboxyl (-COOH), and amide (-NH) were identified for nanoparticle stabilization. AgNPs showed a spherical 
shape with an average size of 37±29nm [Budhalakoti et al., 2023]. Nanoparticles (NPs) smaller than 100 nm are considered vital 
components in the field of nanotechnology. Among them, silver nanoparticles (AgNPs) are the most commonly used across various 
domains, particularly in healthcare, due to their well-known cytotoxic, antibacterial, and antioxidant properties [Suriyakala et al., 
2024].  
 
B. Attributes of the Extraction Materials 
1) Onion Peel 
Onion peel, a by-product of food processing, is abundant in bioactive compounds like quercetin, flavonoids, and polyphenols [Yap 
et al., 2020]. The primary flavonols detected are: Quercetin 3-glucoside, Quercetin 4’-glucoside, Isorhamnetin derivatives [Celano 
et al., 2021]. The various anthocyanins, such as: Delphinidin 3,5-diglycosodes, Cyanidin 3,5-diglycosides, Cyanidin 3-glycosides, 
Cyanidin 3-(6”-malonyl)-glucopyranoside [Zhang et al., 2016]. Additionally, dried onion peel powder has been shown to enhance 
antioxidant activity [Jokovic et al., 2024]. They are typically discarded as kitchen waste, recent studies have revealed that these 
peels offer several health benefits for humans [Pirsa et al., 2024].  
 
2) Orange Peel 
Orange peel, rich in bioactive compounds like anthocyanins, carotenoids, polyphenols, and vitamin C, is a valuable additive for 
improving biodegradable cups. It strengthens the polymer matrix, reducing water absorption. It acts as a natural antimicrobial agent, 
while its lignin and cellulose content improve tensile strength and structural integrity [Tibalia et al., 2023]. The most common 
method involves treating citrus peels with dilute acids like hydrochloric or citric acid [Tiwari et al., 2017]. Incorporating orange 
peels into the polymer matrix can enhance recyclability, promote photodegradation, and improve mechanical properties [Fehlberg et 
al., 2020]. 
 
3) Rice Bran and Material Stability Components 
Fibre bonding enhances the water resistant and mechanical properties of pulp boards by creating a stronger, more cohesive structure. 
This improved bonding, reduces moisture absorption, increasing durability and making the boards more resilient to environmental 
conditions [Gouw et al., 2017]. The effectiveness of natural fibres as reinforcement relies on their chemical composition, thermal 
stability, and mechanical strength. They offer benefits like low density, biodegradability, renewability, and cost-effectiveness 
[Manimaran et al., 2018]. Rice bran was incorporated into low-density polyethylene (LDPE) at varying concentrations using a twin-
screw extruder, and the resulting blend was processed into uniform films through film blowing [George et al., 2006].  
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Polyvinyl Alcohol (PVA), a synthetic polymer, has attracted interest for its biodegradable nature and potential use in sustainable 
packaging. It enhances the moisture resistance and improve structural integrity [Azahari et al., 2011]. Glycerol acts as an effective 
plasticizer, enhancing the flexibility of materials by reducing intermolecular forces within the polymer structure. This results in 
increased elasticity and softness, making the material less brittle and more durable [Marichelvam et al., 2019]. Starch is widely 
regarded as a polymer with significant potential due to its renewable nature. Starch cab be modified or blended with other 
biopolymers to enhance its mechanical strength, and water resistance. It aids in holding the materials together [Pongracz., 2007].  
 
4) Approaches to Structural and Chemical Evaluation 
Biological degradation refers to the breakdown of organic compounds by living organisms, particularly microorganisms. It is a 
natural process through which microbes utilize these compounds as sources of carbon and energy for their growth. This process 
plays a vital role in the recycling of materials within natural ecosystems. Organic matter can undergo degradation either aerobically, 
in the presence of oxygen, or anaerobically, in the absence of oxygen [Priyanka et al., 2011]. The degradation or incineration of 
starch-based products returns carbon dioxide (CO2) to the atmosphere that was originally absorbed by starch-producing plants, 
thereby not contributing to potential global warming [Aharinejad et al., 1992]. The scanning electron microscope (SEM) is a highly 
versatile tool used for analysing and examining microstructural morphology and determining chemical composition characteristics 
[Berthomieu et al., 2009]. Fourier Transform Infrared (FTIR) spectroscopy is used to investigate the vibrational characteristics of 
amino acids and cofactors, which are highly sensitive to subtle structural changes. FTIR is a highly effective technique for 
identifying functional groups in a membrane and detecting potential molecular bonds between chemical compounds [Mohamed et 
al., 2017].  
 

III. METHODOLOGY 
The raw materials required for the development of biodegradable cups – onion peels, orange peels, and rice bran were carefully 
sourced from local markets and processing units. Onion, orange peels and rice bran were thoroughly washed with distilled water to 
remove dirt and impurities before being air-dried for further processing, then the peels dried completely in hot air oven until it 
becomes crispy and brittle.  All collected samples were carefully stored in airtight containers to prevent moisture absorption, 
rancidity, and contamination before further use. The dried peels are then ground into a fine powder. The 25g of measured onion peel 
powder is soaked in 250ml of distilled water for 12 hours at room temperature in an airtight container. After 12 hours, the extract is 
filtered, and the filtered solution is stored at room temperature without any damage. The 50g of dried orange peel powder and 100g 
of rice bran measured and stored separately. 
 Silver oxide can be synthesized by reacting silver nitrate with a base, such as onion peel extract. The extract contains natural 
alkaline compounds, including flavonoids, polyphenols, and other reducing agents. The formation of silver oxide is indicated by the 
appearance of a brown or black precipitate after adding silver nitrate to the onion peel extract. The synthesis of silver nanoparticles 
(AgNPs) was carried out using silver nitrate (AgNO₃) and prepared onion peel extract. A 0.01 M solution of silver nitrate was 
prepared by dissolving the salt in double-distilled water. The two solutions - onion peel extract and silver nitrate - were combined in 
varying ratios of 5:5, 6:4, 7:3, 8:2, and 9:1, and kept for 24 hours,  with the 7:3 ratio chosen for further experiments, as it yielded the 
highest production of silver nanoparticles compared to the other ratios. In the chosen 7:3 ratio, the reaction mixture was heated just 
below its boiling point and continuously stirred at 800 rpm using a magnetic stirrer. Within one hour, the mixture turned brown, a 
sign of successful nanoparticle formation due to the reduction of silver ions to metallic silver. Following synthesis, the obtained 
suspension was subjected to centrifugation at 3,500 rpm for 10 minutes to separate the silver nanoparticles from the liquid phase. 
The resulting pellet, which contained the silver nanoparticles, was washed 3-4 times with 70% ethanol to remove any residual 
impurities and unreacted materials. Finally, the precipitated nanoparticles were stored in a cool, dry, and dark place to preserve their 
integrity. 
To achieve partial hydrolysis, 50g of dried orange peel powder is treated with approximately 50 mL of 0.1 M HCl, prepared by 
diluting 0.83 mL of concentrated HCl with 99 mL of distilled water. This mild acidic condition ensures safe mixing while 
preserving the structural integrity of the peel. After completing the individual processes, all the prepared materials are combined to 
form a uniform mixture. In a vessel, rice bran, partially hydrolysed orange peel powder, and synthesized silver nanoparticles are 
mixed with 250 mL of water and heated at 80°C for 30 minutes. Subsequently, polyvinyl alcohol (20g), starch (10g), and glycerol 
(10g) are added to the mixture and stirred thoroughly. After 30 minutes, the mixture thickens and is then allowed to cool. 
The prepared mixture is used to develop biodegradable cups using the necessary moulding and drying facilities. A suitable mould is 
prepared based on the desired shape and size of the container. This could be done using food-grade or environmentally friendly 
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materials like silicone or metal moulds, depending on the production scale. After the composite, it must be allowed to cure. This can 
be done in a vacuum oven at a low temperature (around 40-60°C), depending on the specific properties of the biopolymer mixture. 
The curing process ensures that the PVA and starch binders form a solid matrix around the nanoparticles, giving the container 
strength and rigidity. Once the composite has solidified after gentle curing 40°C (8-12 hrs) in vacuum oven, the mould is carefully 
removed to reveal the shaped container. The prepared biodegradable cups are stored at room temperature for 4-5 months. From the 
date of manufacturing, the shelf life of the cup is 3 months. This cup is designed for single use and can be disposed of after use.  
 

IV. RESULTS 
A. Swelling Effect 
The swelling effect test is crucial for assessing the water absorption and structural stability of biodegradable materials. Determining 
the percentage of swelling in biodegradable cups when exposed to water, ensuring their suitability for food packaging applications.  

 
 Weight variation of the sample. 

 

 
Swelling behaviour. 
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Table represents the weight of the sample and percentage of swelling ratio of the biodegradable cup. 
 
B. Solubility Test 
A solubility test assesses the extent to which a material dissolves or breaks down when subjected to various solvents, including 
water, acids, and organic liquids. This evaluation is crucial for determining the cup’s durability and resistance to moisture, 
particularly for use in food and beverage applications.  
 

 
 
 
 
 
 
 

Changes of the material in different solvents for every 15 minutes. 
 
 
 
 
 
 
                                

The result of the sample in different solutions. 

S. No Time in mins 
 

 
Weight-Sample 
 

1.  0 0.1 
2.  5 0.61 
3.  10 0.53 
4.  15 0.49 
5.  20 0.47 
6.  25 0.46 
7.  30 0.45 
8.  35 0.44 
9.  40 0.42 
10.  45 0.38 
11.  50 0.35 
12.  55 0.29 
13.  60 0.26 
14.  65 0.24 
15.  70 0.21 
16.  75 0.20 
17.  80 0.18 
18.  85 0.16 
19.  90 0.13 
20.  95 0.09 

S. No Time in mins 
 
Percentage of Swelling 
ratio (%) 

1.  0 0 
2.  5 83.6065574 
3.  10 81.1320755 
4.  15 79.5918367 
5.  20 78.7234043 
6.  25 78.2608696 
7.  30 77.7777778 
8.  35 77.2727273 
9.  40 76.1904762 
10.  45 73.6842105 
11.  50 71.4285714 
12.  55 65.5172414 
13.  60 61.5384615 
14.  65 58.3333333 
15.  70 52.3809524 
16.  75 50 
17.  80 44.4444444 
18.  85 37.5 
19.  90 23.0769231 
20.  95 0 

Time in 
(mins) 

Water  
 (10 ml) 

Ethanol  
(10 ml) 

Chloroform 
 (10 ml) 

Ethyl acetate 
(10 ml) 

15 mins No change No change No change No change 
30 mins No change No change No change No change 
45 mins Slightly soluble No change No change No change 
1 hour Complete 

soluble 
No change No change No change 

 

S. 
No 

Name of the 
sample 

 RESULTS 

Water Ethanol  Chloroform  Ethyl 
acetate 

1. Biodegradable 
container 

soluble Insoluble Insoluble Insoluble 
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The solubility test – initial time (0) and final time (after 1 hour). 

 
C. Biodegradability Test 
Soil burial test measures the degradation of materials in natural soil conditions. It provides a simple and effective way to assess the 
environmental impact and sustainability of biodegradable materials by simulating real-world disposal conditions.  

S. No Sample  Initial weight of the sample Final weight of the sample 
after 15 days 

 
   1. 

   
 Biodegradable cup 

              
            0.68 gram 

 
       0.32 gram 

Result of biodegradability of the sample. 
 

D. Characterization of the biodegradable cups 
A set of biodegradable cups made from a composite material made of rice bran, orange peel, onion peel reinforced with silver 
nanoparticles was the end result. To create environmentally friendly and solid cups, these ingredients were combined in precise 
amounts, moulded, and dried.  
1) Physical Appearance 
The cups exhibit a coarse, grainy texture resulting from the fibrous composition of raw materials like rice bran, orange peel and 
onion peel. Their outer surface shows a uniform brown colour, reflecting effective blending and drying processes. The absence of 
visible cracks, shrinkage, or mould indicates strong structural integrity and good resistance to moisture and fungal growth. 
 
2) Dimensions 
The accurate measurement of the biodegradable cup measured using an instrument Vernier calliper. 
 Cup 1, 2, 3, 4.  
The Height of the cup: 7.0 cm, 6.8 cm, 7.1 cm, 6.9 cm.  
Top Diameter of the cup: 6.5 cm, 6.4 cm, 6.6 cm, 6.3 cm. 
 Bottom Diameter of the cup: 5.0 cm, 5.1 cm, 5.2 cm, 5.0 cm.  
Wall Thickness of the cup: 0.5 cm, 0.4 cm, 0.5 cm, 0.4cm.  
The weight of the biodegradable cup measured using an instrument Digital weighing scale. Each cup weighs approximately 25-35 
grams, depending on wall thickness and moisture retention. Weight of cup 1: 30.2 gram. Weight of cup 2: 29.7 gram. Weight of cup 
3: 31.0 gram. Weight of cup 4: 29.1 gram.  
 
3) Odour and Sensory Characteristics 
The cups gave off a faint, earthy aroma attributed to the inclusion of rice bran and orange peel. No offensive or artificial smells were 
present, confirming their suitability for food packaging applications.  
 
4) Biodegradation Timeline 
Initial soil burial analysis indicated that the material began to break down within 10 to 14 days, with full decomposition occurring 
between 30 and 35 days under typical soil conditions.  
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5) Shelf Life 
Under dry storage conditions, the biodegradable cups remained structurally stable and usable for up to 5-6 months without 
significant degradation or microbial growth. This shelf life supports their practical application in packaging and short-term storage 
scenarios.  
 
6) Carrying Capacity 
The cups demonstrated the ability to hold to 180-200 ml of liquid without leaking or collapsing. Their strength under this load make 
them suitable for serving beverages or semi-liquid food items in everyday use.  
 
7) Final Product 

 
 

V. DISCUSSION 
Life Cycle Assessment (LCA) is a standardized method used to evaluate the environmental impacts associated with all stages of a 
product’s life, from raw material extraction through production, usage, and end-of-life disposal. This section presents an LCA of 
biodegradable cups developed using onion peel reinforced with silver nanoparticles, orange peel, rice bran, polyvinyl alcohol 
(PVA), glycerol, and rice starch. The environmental impacts of these biodegradable cups are compared with conventional single-use 
plastic cups to assess their sustainability and eco-friendliness. The swelling test was conducted using various solvents including 
water, methanol, ethanol, ammonia, acetic acid, chloroform, acetone, sulphuric acid, and orthophosphoric acid, based on the weight 
change before and after soaking. The material exhibited noticeable swelling in polar solvents, particularly water and ethanol, with 
the highest swelling observed in water, ethanol, ammonia, and acetic acid. Methanol, however, led to hardening rather than 
swelling. No dissolution occurred in chloroform, acetone, sulphuric acid, phosphoric acid, or methanol, indicating the material’s 
resistance to these solvents [Yaradoddi et al., 2020].  Complete degradation of the composite cup occurred within 5 weeks in soil, 
whereas residual traces persisted in moist sand up to 6 weeks. These finding demonstrate that the rate of biodegradation is higher in 
soil than in sand [Buxoo et al., 2020].  

VI. CONCLUSION 
The primary objective of this project was to develop sustainable, biodegradable cups using onion peel reinforced with silver 
nanoparticles, orange peel, and rice bran. The rampant use of disposable cups, particularly in the food and beverage sector, has 
emerged as a major contributor to the escalating plastic pollution crisis. These single-use items are predominantly manufactured 
from petroleum-based polymers, which are notoriously resistant to degradation—often persisting in the environment for hundreds of 
years. As a result, they accumulate in landfills and aquatic ecosystems, causing severe ecological imbalances and posing significant 
risks to human health. In response to this pressing environmental challenge, the present research explores the development of an 
innovative, biodegradable alternative crafted from sustainable agricultural by-products—namely onion peel, orange peel, and rice 
bran. To enhance the structural integrity and performance of the bio-composite material, silver nanoparticles are incorporated as 
reinforcing agents. Additionally, natural plasticizers and binders such as glycerol, polyvinyl alcohol (PVA), and rice starch are 
employed to bolster the material’s mechanical strength, thermal resistance, and overall functional properties, thereby presenting a 
viable and eco-conscious solution to the problem of plastic waste. This innovative approach effectively utilizes agricultural waste 
materials, contributing to waste reduction and sustainable resource management. Moreover, the combination of natural fibers and 
bio-fillers improves the mechanical strength, thermal resistance, and biodegradability of the cups. These materials not only offer a 
cost-effective alternative to conventional plastics but also promote eco-friendly manufacturing practices. Overall, this study supports 
the viability of biodegradable composites in reducing plastic pollution while fostering environmental and economic sustainability. 
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