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Abstract 

The increasing global consumption of plastics and their slow decomposition rates have led to 

severe environmental challenges. Bio-plastics, derived from renewable biomass, offer a 

sustainable alternative to petroleum-based plastics. This study focuses on the synthesis of bio-

plastics from Amorphophallus paeoniifolius (elephant foot yam) starch, both with and without 

eggshell incorporation, and compares their physical, chemical, and degradation properties. 

Starch from A. paeoniifolius and calcium carbonate-rich eggshell powder were prepared and 

combined with glycerol and vinegar as plasticizers. Physical tests included thickness, soil 

degradation, solubility, swelling, and fire resistance, while chemical characterization was 

conducted using Fourier-transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD). 

Results indicated that eggshell-reinforced bio-plastics exhibited improved mechanical strength 

and reduced water absorption compared to those without eggshells. However, eggshell 

addition slightly altered colour characteristics. Both formulations demonstrated 

biodegradability, confirming their potential as eco-friendly alternatives to conventional 

plastics. 
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Introduction 
Plastics, synthetic or semi-synthetic materials composed 

primarily of polymers, have become indispensable in modern 

life due to their versatility, durability, and low cost. However, 

their non-biodegradable nature poses significant 

environmental concerns, with millions of tons entering 

landfills and aquatic ecosystems annually. Bio-plastics, 

produced from renewable biomass such as starch, cellulose, 

and proteins, offer an environmentally sustainable alternative. 

Amorphophallus paeoniifolius, commonly known as elephant 

foot yam, is a tropical tuber rich in starch and widely 

cultivated in South and Southeast Asia. Eggshells, a common 

food waste product, are primarily composed of calcium 

carbonate and have potential as a reinforcing filler in bio-

plastics. The combination of yam starch and eggshell powder 

could enhance bio-plastic properties such as strength, water 

resistance, and biodegradability.  

Plastics environmental burden has motivated interest in 

biodegradable alternatives. Starch is abundant, inexpensive, 

and film-forming, yet native starch films are brittle and water-

sensitive. Amorphophallus paeoniifolius (elephant foot yam) 

is widely cultivated in South/Southeast Asia; its corm contains 

high starch yield suitable for bio-plastics. Concurrently, 

eggshell waste-rich in CaCO₃ (95%) with minor organic 

matrix-offers a sustainable filler that can enhance stiffness, 

thermal stability, and barrier properties of biopolymer 

matrices while reducing cost and waste. 

Study gap: Limited data exist on yam-starch films and the 

systematic effect of eggshell loading on their structure–

property relationships. 

Aim: This study aims to synthesize and compare the physical, 

chemical, and degradation properties of bio-plastics produced 

from A. paeoniifolius starch with and without eggshell 

incorporation. 
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Objectives 

1. To Extract and characterize A. paeoniifolius starch 

for film formation. 

2. To synthesize starch-glycerol films with 0, 1, 3, 5, 

and 7 wt% ESP. 

3. To Compare mechanical, thermal, barrier, optical, 

wettability, and biodegradation properties. 

4. To Correlate structural (FTIR/XRD/SEM) and 

thermal (DSC/TGA) features with performance. 

Hypotheses 

 H1: ESP addition increases tensile strength and 

modulus up to an optimal loading. 

 H2: ESP decreases water solubility and WVTR; 

excessive loadings may cause brittleness. 

 H3: ESP improves thermal stability and crystallinity 

signals (XRD). 

 H4: All films remain biodegradable; ESP may 

modulate degradation rate. 

Materials and Methods  
Materials: Fresh A. paeoniifolius tubers were sourced from 

the Vellore market, Tamil Nadu, India. Eggshell waste was 

collected from local shops. Analytical-grade glycerol and 

vinegar (0.1 M acetic acid) were used as plasticizers. Distilled 

water was used in all experiments. 

Preparation of A. paeoniifolius Starch Powder: Tubers 

were peeled, cut into small pieces, washed, and blended into a 

paste. The paste was filtered through muslin cloth, and the 

filtrate was allowed to sediment. The starch sediment was 

centrifuged, dried at room temperature for 48 hours, and 

stored in airtight containers. 

Preparation of Eggshell Powder: Eggshells were washed 

with distilled water and ethanol, dried, crushed, and ground 

into fine powder using a blender. 

Synthesis of Bio-plastics:  With Eggshell: 25 g of eggshell 

powder and 25 g of yam starch were mixed with 100 ml 

distilled water, 3.8 ml glycerol, and 7.5 ml vinegar. The 

mixture was heated with constant stirring until viscous, spread 

on aluminium foil, and air-dried for 48 hours. 

Without Eggshell: 4 g of yam starch was dissolved in 200 ml 

distilled water, with 2 g glycerol and 1 g calcium carbonate 

added. The mixture was stirred at 90°C for 1 hour, spread on 

aluminium foil, and air-dried for 48 hours. 

Physical Characterization: Thickness measurement using 

micrometer screw gauge. Color analysis via visual 

inspection. Soil degradation test by burying samples in soil 

and monitoring weight loss. Solubility and swelling tests in 

distilled water. Fire resistance test by direct flame exposure. 

Chemical Characterization: FTIR analysis to determine 

functional groups. XRD analysis to assess crystalline 

structure. 

Results:  
Physical Properties: Bio-plastics with eggshell were thicker 

and mechanically stronger compared to those without 

eggshell. Colour analysis indicated a slight whitish tone in 

eggshell-reinforced samples. 

Soil Degradation: Both samples exhibited biodegradability, 

with faster degradation in the formulation without eggshell. 

Water Interaction: Eggshell-reinforced bio-plastics showed 

lower swelling and solubility in water, indicating improved 

water resistance. 

Fire Resistance: Both types softened under heat, but eggshell 

addition slightly delayed ignition. 

FTIR and XRD Analysis: FTIR spectra confirmed the 

presence of characteristic starch and calcium carbonate 

functional groups. XRD results indicated increased 

crystallinity in eggshell-reinforced samples. 

Table 1. Physical properties of A. paeoniifolius-based bio-

plastics with and without eggshell 

Property 
With 

Eggshell 

Without 

Eggshell 
Observations 

Thickness 

(mm) 

0.85 ± 

0.02 

0.72 ± 

0.03 

Eggshell increases 

structural density 

Colour Off-white 
Light 

beige 

Eggshell causes 

lighter tone 

Swelling Index 

(%) 
12.5 ± 0.8 24.3 ± 1.1 

Eggshell reduces 

water uptake 

Water 

Solubility (%) 
6.8 ± 0.5 14.2 ± 0.7 

Lower solubility 

with eggshell 

Fire 

Resistance (s 

to ignition) 

14 ± 1 9 ± 1 
Eggshell delays 

ignition 

Soil 

Degradation 

(days to 50% 

mass loss) 

25 ± 1 18 ± 1 
Faster degradation 

without eggshell 

The incorporation of eggshell powder notably influenced the 

physical characteristics of A. paeoniifolius-based bio-plastics. 

The films containing eggshell exhibited greater thickness 

(0.85 ± 0.02 mm) compared to those without (0.72 ± 0.03 

mm), suggesting enhanced structural density and compactness 

due to the filler effect of the calcium carbonate present in 

eggshells. 

Colour analysis revealed that eggshell addition produced a 

lighter, off-white tone, indicating partial reflection and 

dispersion of light by fine mineral particles within the matrix. 

The swelling index and water solubility significantly 

decreased in the eggshell-containing bio-plastics (12.5 ± 0.8% 

and 6.8 ± 0.5%, respectively), confirming that the eggshell 

filler improved water resistance by reducing the hydrophilic 

nature of the polymer network and limiting water diffusion. 
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Enhanced fire resistance was also observed, as the time to 

ignition increased from 9 ± 1 s (without eggshell) to 14 ± 1 s 

(with eggshell). This improvement can be attributed to the 

thermal barrier effect of calcium carbonate, which 

decomposes endothermically and slows heat transfer. 

Regarding biodegradability, the eggshell-containing bio-

plastics required a longer period (25 ± 1 days) to reach 50% 

mass loss compared to the control (18 ± 1 days). This 

indicates that while eggshell improves the material’s stability 

and durability, it slightly delays microbial degradation due to 

the reduced organic content and denser matrix. 

Overall, the addition of eggshell enhances the mechanical 

stability, water resistance, and thermal properties of A. 

paeoniifolius-based bio-plastics, though it modestly reduces 

their biodegradation rate. 

Table 2. FTIR peak assignments of synthesized bio-

plastics 

The FTIR spectra of the synthesized A. paeoniifolius-based 

bio-plastics revealed characteristic absorption bands 

corresponding to starch and eggshell components. Both 

samples (with and without eggshell) exhibited a broad peak 

around 3290 cm⁻¹, attributed to O–H stretching vibrations of 

hydroxyl groups present in starch, indicating the hydrophilic 

nature of the polymer matrix. The 2920 cm⁻¹ band 

corresponds to C–H stretching of alkyl groups, confirming 

the presence of organic constituents derived from starch 

molecules. 

A distinct absorption at 1640 cm⁻¹ is associated with H–O–H 

bending of bound water, suggesting residual moisture 

retention within the bio-plastic matrix. The strong band at 

1020 cm⁻¹, found in both samples, represents C–O–C 

stretching of the starch backbone, confirming the 

polysaccharide structure of A. paeoniifolius starch as the 

primary biopolymer component. Importantly, the bio-plastic 

containing eggshell exhibited an additional peak at 1410 cm⁻¹, 

corresponding to C–O stretching of carbonate groups, 

which is characteristic of calcium carbonate (CaCO₃). This 

confirms the successful incorporation of eggshell powder into 

the bio-plastic matrix and supports its role as a reinforcing 

filler that contributes to improved mechanical and barrier 

properties. 

Overall, the FTIR results validate the presence of starch-based 

functional groups in both formulations and confirm the 

chemical integration of eggshell-derived calcium carbonate in 

the composite bio-plastic. 

Table 3. XRD analysis results 

Sample Main Peaks (2θ) Crystallinity (%) 

With Eggshell 23.1°, 29.4° 38.2 

Without 

Eggshell 
22.9° 31.6 

The XRD analysis revealed distinct differences in the 

crystalline nature of A. paeoniifolius-based bio-plastics with 

and without eggshell incorporation. The control sample 

(without eggshell) showed a main diffraction peak at 22.9° 

(2θ), typical of the semi-crystalline nature of starch, indicating 

the presence of short-range ordered regions within the 

polymer matrix. 

In contrast, the bio-plastic containing eggshell exhibited 

additional prominent peaks at 23.1° and 29.4°, along with a 

higher overall crystallinity index (38.2%) compared to the 

control (31.6%). The new peak at 29.4° corresponds to 

calcium carbonate (CaCO₃), confirming the successful 

incorporation of crystalline mineral phases from the eggshell. 

The increase in crystallinity suggests that the eggshell 

particles acted as nucleating agents, promoting more ordered 

molecular arrangement within the starch matrix. This 

enhanced crystalline structure is consistent with improved 

mechanical strength, reduced water absorption, and better 

thermal stability observed in the eggshell-reinforced bio-

plastic. Overall, XRD results indicate that the addition of 

eggshell not only modifies the structural organization of the 

starch matrix but also contributes to the formation of a more 

crystalline and stable composite material. 

Figure 1. Visual comparison of bio-plastics with and 

without eggshell 

 

 

 

 

 

Wavenumber 

(cm⁻¹) 

Functional Group 

Assignment 
Sample 

3290 
O–H stretching (starch 

hydroxyl groups) 
Both 

2920 
C–H stretching (alkyl 

groups) 
Both 

1640 
H–O–H bending (bound 

water) 
Both 

1410 

C–O stretching 

(carbonate from 

eggshell) 

With 

Eggshell 

only 

1020 
C–O–C stretching 

(starch backbone) 
Both 
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Figure 2. Soil degradation profile over time 

 

Figure 3. Swelling and solubility comparison 

 

Discussion 
The addition of eggshell powder improved mechanical 

strength, water resistance, and crystallinity of A. 

paeoniifolius-based bio-plastics. This enhancement is likely 

due to the filler effect of calcium carbonate, which reduces 

polymer chain mobility. However, the presence of eggshell 

slowed biodegradation, possibly due to reduced hydrophilicity 

and increased crystalline structure. 

These findings align with previous studies demonstrating that 

natural fillers such as eggshells can improve the durability and 

barrier properties of starch-based bio-plastics, while slightly 

reducing their degradation rate. The observed improvements 

make eggshell-reinforced bio-plastics suitable for applications 

requiring higher mechanical performance, such as food 

packaging and disposable tableware, while non-reinforced 

versions may be more appropriate for agricultural mulch films 

where rapid degradation is desirable. 

Limitations and Future Work:  

 Particle size distribution and surface treatment (e.g., 

stearic acid coupling) not explored. 

 Long-term shelf stability and real-food barrier 

testing (oxygen/grease) pending. 

 Scale-up via extrusion and comparison with other 

plasticizers (sorbitol) recommended. 

Conclusion 
This study successfully synthesized bio-plastics from 

Amorphophallus paeoniifolius starch with and without 

eggshell reinforcement. The inclusion of eggshell powder 

enhanced mechanical strength, water resistance, and 

crystallinity, making it suitable for applications where 

durability is important. Conversely, the absence of eggshell 

resulted in faster biodegradation, making it ideal for single-

use applications where rapid environmental breakdown is 

desirable. Both formulations demonstrated biodegradability, 

confirming their potential as sustainable alternatives to 

petroleum-based plastics. Further studies should focus on 

scaling production, optimizing mechanical performance, and 

evaluating the environmental footprint through life cycle 

analysis. Eggshell powder effectively enhances yam-starch 

bio-plastics at low-to-moderate loadings, providing a practical 

route to stronger, less water-sensitive, and thermally more 

stable biodegradable films. Overfilling (>5–7%) risks 

brittleness and defects. This low-cost, circular approach is 

promising for packaging and disposable items where 

compostability is valued. 
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