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	        ABSTRACT
The increasing production, consumption, and improper disposal of petroleum-based 
plastics are causing environmental degradation. A sustainable and environmentally friendly 
alternative to resolve the synthetic plastic-based problem is bioplastic. Agricultural waste, 
rich in cellulose, can be used as a raw material for bioplastic production and supporting 
circular economy goals. The purpose of the current study is to isolate cellulose from corn 
cob using alkali and bleaching treatment, and its utilization in the synthesis of bioplastic. 
The study also incorporates the sensory evaluation, thickness test, and Fourier transform 
infrared (FTIR) spectroscopy characterization. Further, the prepared bioplastic was 
tested for biodegradability. The yield of extracted cellulose was 53.1±0.7%. Bioplastic 
was successfully prepared using the solvent casting method, which was confirmed by 
FTIR analysis. The range of thickness was between 0.37±0.07 mm-0.45±0.06 mm. The 
degradation period was observed to be 21 days to 35 days. This study promotes the effective 
valorisation of agricultural residue, corn cob, and proposes an environmentally responsible 
waste management strategy. The prepared bioplastic may prove beneficial in packaging 
applications, leading to reduced reliance on fossil fuels and environmental pollution.

INTRODUCTION

Plastic is unmatched because of its qualities and is used daily to prepare many 
key commodities from textiles and pharmaceuticals to industrial manufacturing, 
packaging, and agricultural mulch production (Ghasemlou et al. 2022, Kumari et 
al. 2023). Over the past ten years, the world’s consumption of synthetic plastics 
has grown significantly due to their better performance and low cost. However, 
the widespread usage of plastic products and the disposal of these materials 
have resulted in considerable toxicity (Brodin et al. 2017), and many nations 
acknowledge plastic pollution as a serious environmental issue (Ghasemlou et 
al. 2022). Many methods, such as recycling and burning, are already employed 
to treat plastic trash; however, they have not been able to address or reduce the 
environmental issues brought on by plastic pollution (Sardon & Dove 2018). 
Because of its non-biodegradable nature and difficulty in recycling, there are 
serious concerns for human health and the environment (Kowser et al. 2025). 
The release of harmful gases and other toxic compounds during the production 
and disposal of plastic waste causes air and water pollution (Adekanmbi et al. 
2024). Accumulation of microplastics and leaching of harmful chemicals present 
in plastic waste result in soil pollution (Li et al. 2024). Plastic contains additives 
like phthalates and bisphenols, which cause serious health effects like reproductive 
disorders, endocrine disruption, diabetes, and cardiovascular diseases. Ingestion or 
inhalation of microplastics results in digestive and respiratory disorders (Naidoo 
& Rajkaran 2020, Kawa et al. 2021).  
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Thus, global regulations about plastic use highlight the 
need for innovative materials that ensure food safety, maintain 
quality, and protect the environment (Kowser et al. 2025).  
Bioplastics (BP) are gaining popularity as a biodegradable 
substitute for petroleum-based plastics and have the potential 
to significantly lower environmental plastic pollution (Ahsan 
et al. 2023). They are mostly made of renewable resources 
like starch, cellulose, proteins, and so forth (Wicaksono et 
al. 2022). Bioplastic can be prepared from agricultural waste 
using various processes, such as acidification, hydrolysis, and 
microbial fermentation (Babu et al. 2013, Şahin et al. 2021). 
Their special qualities, including their low cost, nontoxicity, 
biodegradability, biocompatibility, and ability to produce 
thermoplastic items, guarantee a substantial contribution to 
sustainable development (Ghasemlou et al. 2022). Various 
microorganisms can enzymatically break down bioplastics 
into environmentally benign inorganic chemicals or biomass  
(Silva et al. 2023). This is frequently followed by microbes 
assimilating and mineralizing the polymer fragments,  
producing mineral salts, carbon dioxide, water, methane, 
and biomass (Lv et al. 2017).

Starch-based bioplastics are very popular in the market 
and are produced using different sources (European 
Bioplastics & Nova-Institute 2021). A number of research 
studies have been carried out on bioplastic production using 
starch. Kulshreshtha et al. (2017) created a building material 
based on maize starch. Zakaria et al. (2018) prepared the 
potato starch film using glycerol as a plasticizer with the help 
of the solution casting method. Borges et al. (2015) examined 
the characteristics of biodegradable films made from various 
starch sources by varying the plasticizers. Kowser et al. 
(2025) prepared corn starch-based BP with glycerol and 
vinegar. Despite having high processing capabilities, starch-
based BP are not suited for most common uses due to several 
drawbacks, including their inherent hygroscopic nature 
and poor mechanical performance, low thermal stability as 
compared to traditional petroleum-based bioplastics (Al-
Jahwari & Pervez 2019, Kaboorani et al. 2021), which also 
restricts their use in various industries. 

Another most prevalent biopolymer, cellulose, is used 
in papermaking, textiles, and bioplastics. Wood, cotton, and 
agricultural waste are renewable plant sources from which 
cellulose is obtained (Wakudkar et al. 2025). While cellulose 
and starch share a monomer unit, their polymeric chains 
are oriented differently (Qasim et al. 2021). The functional 
properties of the starch-based bioplastic can be improved 
by the amendment of cellulose (Cheng et al. 2021, Raza 
et al. 2023). Corn cob, an agricultural residue, consists of 
three tissues: chaff, woody ring, and pith, and structurally 
supports the kernels. Approximately 1.2 billion tonnes of 

maize (corn) were produced worldwide, ranking second to 
sugarcane (FAOSTAT 2019), and thus, a large amount of 
corn cobs is also produced. Being locally available, corn 
cobs can be used as a low-cost material to isolate cellulose. 
As corn cob remains underutilised, the current study focuses 
on examining their potential as a sustainable and renewable 
raw material for bioplastic synthesis.

The objectives of this study include isolating cellulose 
from agroresidue corn cob and its successful inclusion 
in preparing bioplastic. The prepared bioplastic was 
characterized using FTIR, and a thickness test was 
performed. A sensory evaluation was also performed. A 
biodegradability test was performed to analyse whether the 
prepared bioplastic degrades under natural conditions and 
the time taken. 

MATERIALS AND METHODS

Materials

Corn cob was collected from a local sweet corn (Zea mays 

L.) seller near Maharshi Dayanand University, Rohtak. 
Sodium hypochlorite and sodium hydroxide were provided 
by Loba Chemie and CDH, respectively. Glycerol, used as a 
plasticizer, was supplied by CDH. All chemical compounds 
used in this experimental study were of analytical grade. 

Isolation of Cellulose from Corncob

For cellulose isolation, the collected corn cobs were washed 
to remove dirt and impurities, followed by sun drying. 
Further, the corn cobs were cut into small pieces, ground into 
fine powder, and sieved using a sieve of mesh size 0.2 mm. 
Corn cob powder was dewaxed using a solution of ethanol 
and deionised water in 1:1 v/v for four h, then boiling the 
mixture for 1.5 h, followed by multiple washes with distilled 
water and oven drying. 10 g of dewaxed corn cob was treated 
with 200 mL of 5% NaOH solution for two h and washed to 
remove the remaining alkali. The alkali-treated corn cob was 
then bleached using a 1.5% NaOCl solution for half an hour, 
and then it was washed until a neutral pH was achieved. The 
extracted cellulose sample was oven-dried for 16 h at 50°C, 
then crushed into a fine powder, and stored in ziplock bags 
(Ungprasoot et al. 2021, Melesse et al. 2022, Khiewsawai 
et al. 2024). Fig. 1 shows the process of extracting cellulose 
from corn cobs. 

Cellulose yield was calculated using Eq. (1).

	 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 (%) = 𝑊𝑊2
𝑊𝑊1 𝑥𝑥100                                                                                                                                                               	 …(1)

Where W1= = Initial weight of corn cob powder, and 
W2 = Final weight of extracted cellulose. 
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Synthesis of Bioplastic 

Three bioplastics with different ingredient percentages were 
created, as indicated in Table 1, and were labelled as CCB 
(Corncob cellulose bioplastic). An electronic weight scale is 
used to carefully and precisely weigh each ingredient. The 
bioplastic was prepared using the solvent casting method; 
for this, distilled water and starch were mixed and heated 
until the starch gelatinized. Then glycerol and corn cob 
cellulose were added, and the mixture was heated at 65°C 

for half an hour with continuous stirring to avoid clumping. 
The prepared filmogenic solution was uniformly spread on a 
silicon sheet and oven dried at 60°C for 7-9 H (Chowdhury 
et al. 2022). The method of bioplastic synthesis is illustrated 
in Fig. 2.

Characterization

Sensory evaluation of prepared bioplastics: Bioplastic 
films were examined for cracks, color, texture, and 
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overall appearance during the sensory evaluation. These 
characteristics are crucial since they significantly impact 
how good is the final product. 

Thickness: Each film’s thickness was measured using an 
electronic digital caliper at three randomly chosen locations 
(Admase et al. 2022). The average film thickness was 
determined.

FTIR: The examination of a wide range of materials, 
including polymers, inorganic chemicals, and organic 
molecules, is frequently done using the Fourier transform 
infrared spectroscopy (FTIR). It includes using infrared 
light to detect the samples and tracking variations in the 
absorption bands, which yield important details regarding 
the materials’ composition. The sample is exposed to a range 
of infrared radiation during the examination, while some of 
the radiation passes through, some is absorbed by the sample. 
The sample transforms the absorbed radiation into rotational 
and vibrational energy. Fourier transform infrared (FTIR) 
spectroscopy was used to examine the functional groups. 
Bruker’s Invenio ® FTIR spectrometer was employed in the 
current study.

Biodegradability Test: The prepared bioplastic samples 
were cut into square shapes, weighed 0.5 g, and buried under 
soil. The films were checked at 7 days, 14 days, 21 days, 
28 days, and 35 days. An accurate electronic balance was 
used to measure the initial and final weights (Chowdhury 
et al. 2022). Garden soil was used for this experiment. The 
pH, temperature, and moisture content of the soil during 
the biodegradation test were maintained at 7, 35°C, and 
50%, respectively. An LDPE plastic bag was taken as a  
control. Eq (2) was used to determine the film’s biodegradability.  

	 Biodegradation (%) = W3 – W4/W3 × 100	 ...(2)

Here, W3 = the bioplastic sample’s initial weight.

W4 = the bioplastic sample’s final weight.

The statistical significance of degradation across various 
samples and time periods was evaluated using one-way 
ANOVA, which was followed by Tukey’s test (for inter-group 
comparisons) and Dunnett’s test (for comparison with control).

RESULTS AND DISCUSSION 

Cellulose Yield

The experiments were conducted in triplicate, and the 

cellulose yield is shown as their means and standard 
deviation. The yield of cellulose extracted from corn cob in 
the present study was 53.1±0.7%. Wakudkar et al. (2025) 
found that the amount of cellulose in corn cob biomass is 
42.3%. Thus, the yield of cellulose in the present study 
is 10.8% higher than that of corn cob biomass. However, 
using alkali and bleaching treatment, they isolated 88.13% 
cellulose, which is comparatively higher. Kapdi et al. (2024) 
used akali pretreatment and acid and bleaching pretreatment 
to obtain highly purified cellulose from rice straw, and the 
yield was 58%, higher than the yield in the present study. 
Sinaga et al. (2018) extracted 17.4% of cellulose, which is 
lower than the current study. Overall, the yield of cellulose 
was found to lie within the range of previous literature.

Sensory Evaluation

Sensory evaluation of bioplastic films analysed the texture, 
physical appearance, and color (Table 2). Control (LDPE) 
was transparent and aroma-free. Apart from control, all three 
bioplastic films were also free from any kind of smell. The 
colour of these films varied from pale white to creamish 
yellow. CCB1 (5% cellulose) was pale white in colour, 
possibly due to the low concentration of cellulose. CCB2 
(10% cellulose) and CCB3 (15% cellulose) were creamish 
to creamish yellow, respectively. This can be attributed to 
the high cellulose content used for their preparation. CCB1 
and CCB2 exhibited smooth texture, whereas CCB3 had one 
smooth surface and the other was slightly stiff and grainy.

Overall, the work was in harmony with other researchers 
who worked on similar material. Azmin et al. (2022) also 
observed that a higher amount of kenaf resulted in the 
formation of darker bioplastic. In the work of Azmin et 
al. (2020), colour varied from brown to greenish grey, and 
they also observed that the color darkens with the rising 
concentration of cellulose. Apart from this, they noticed 
a sweet smell in the bioplastic, which was absent in the 
present study.

Thickness

The thicknesses of CCB1, CCB2, CCB3, and control were 
found to be 0.37±0.07 mm, 0.39±0.02 mm, 0.45±0.06 mm, 
and  0.12±0 mm, respectively, as shown in Fig. 3. All the 
samples exhibited a thickness higher than the control. A 
minimum thickness of 50 µm is prescribed by the government 

Table 1: Ingredients and their proportions in bioplastic samples.

Bioplastic Sample Corn cob cellulose (%) Starch [%] Glycerol [%] Distilled water [%]

CCB1 5 5 3 87

CCB2 10 5 3 82

CCB3 15 5 3 77
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of India under the Plastic Waste Management Rules, 2016, 
for packaging material. All the prepared samples exhibited 
a thickness higher than 50 μm. Thus, it can be said that the 
prepared bioplastic passes the thickness criteria for packaging 
films (Marichelvam et al. 2019). 

Marichelvam et al. (2022) prepared bioplastic using 
Prosopis juliflora with a thickness of 390 μm. In another 
study, corn starch and rice starch were used for bioplastic 
preparation, and the prepared films had a thickness of 
250 μm. A study by Oluwasina et al. (2024) and Majamo 
& Amibo (2024) showed that the thickness of bioplastic 
ranged from 0.21 mm to 0.48 mm and 0.410 mm to 0.421 
mm, respectively. The thickness of bioplastic in the 
current study increases with cellulose concentration.  This 
observation was in harmony with the previous literature.  
Overall, the thickness is affected by the viscosity of the 

prepared solution, the casting mould, and the concentration 
of cellulose.

Fourier Transform Infrared (FTIR) Spectroscopy 

The chemical structure of the prepared bioplastic was 
characterized by Fourier Transform Infrared (FTIR) 
spectroscopy, and the resulting spectrum is shown in Fig. 4. 
The FTIR analysis revealed several characteristic absorption 
bands corresponding to the functional groups of cellulose, 
starch, and glycerol, indicating successful blending of these 
components. A broad and intense peak was observed at 3333 
cm⁻¹, corresponding to the O–H stretching vibrations of 
hydroxyl groups commonly present in cellulose, starch, and 
glycerol. This suggests the formation of a strong hydrogen-
bonding network within the bioplastic matrix (Majamo & 
Amibo 2024). The peak at 2921 cm⁻¹ was assigned to the 

Table 2: Sensory evaluation results of control and bioplastic samples.

Sample Codes Control CCB1 CCB2 CCB3

Physical 
Appearance
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was observed at 3333 cm⁻¹, corresponding to the O–H stretching vibrations of hydroxyl groups commonly present in cellulose, 

Fig. 3: Thickness test results of control and prepared bioplastics.
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C–H stretching vibrations of aliphatic –CH₂ groups from the 
polysaccharide backbone and glycerol molecules (Oluwasina 
et al. 2024).

An absorption band at 1734 cm⁻¹ was attributed to C=O 
stretching vibrations, indicating the presence of carbonyl 
groups. This may suggest partial esterification or interaction 
between glycerol and the hydroxyl groups of polysaccharides 
during bioplastic formation (Majamo & Amibo 2024, 
Chowdhury et al. 2022). A band at 1550 cm⁻¹ was associated 
with the cyclic alkene C-C stretch. Furthermore, the peak 
at 1033 cm⁻¹ was attributed to the aliphatic ether stretch 
(Bhutta et al. 2022). Overall, the FTIR results confirm the 
successful incorporation of cellulose, starch, and glycerol 
without significant chemical modification, indicating that the 
bioplastic primarily relies on physical blending and hydrogen 
bonding for structural integrity.

Biodegradability Test

The results highlighted that CCB1 and CCB3 showed the 

lowest and highest degradation times of 21 days and 35 
days, respectively.  The degradation period for CCB2 was 
found to be 28 days. The percent weight loss at different time 
intervals is shown in Fig. 5. Results of the statistical analysis 
revealed that there was a significant difference (p ≤ 0.05) 
in the degradation of all bioplastic samples as compared to 
the control. A significant difference (p ≤ 0.05) was also 
observed in the weight loss (%) among day 7, day 14 and 
day 21, highlighting that the degradation of bioplastic is 
enhanced with the passage of time. Meanwhile, no significant 
difference was observed between day 28 and day 35. These 
results imply that significant deterioration occurred over the 
first 21 days, reaching total (100%) degradation by Day 35.

It is evident from the findings that there is a noticeable 
increase in the rate of degradation with an increase in 
time. The rate of degradation is highly affected by the 
concentration of cellulose used. The present work is 
consistent with Kowser et al. (2025), who observed the same. 
Apart from this, the moisture content and addition of glycerol 
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enhanced the process of degradation of bioplastics (Sultan 
et al. 2024). Fig. 6 depicts the different stages of bioplastic 
degradation. In the initial phase, i.e., the first seven days, no 
significant mass loss was observed. This can be attributed 
to the adaptability the microorganism requires to synthesize 
specific enzymes required for bioplastic degradation (Pathak 
2017, Chowdhury et al. 2022).

Chowdhury et al. (2022) observed that mass loss % 
increased from 36% to 50% for two different bioplastic 
samples in a duration of  7 days to 30 days. Marichelvam 
et al. (2019) depicted a 48.73% degradation rate in 15  days 
for a corn and rice starch-based bioplastic. The corn starch-
based samples degraded completely in 28 days, with a % 
mass loss increase from 34.3% to 74.3% in 21 days (Rajesh 
et al. 2024). Similar results have been reported by Stefani et 
al. (2006), Kammoun et al. (2013), Pathak  (2017), Briones 
et al. (2020), Razak et al. (2020) and Kowser et al. 2025. No 
significant weight loss was observed in the control, and all 
the bioplastic films were completely biodegradable within 
35 days.

CONCLUSIONS

Bioplastic films were prepared efficiently using potato 
starch and cellulose extracted from corn cob, with the 
inclusion of glycerol as a plasticizer, and their properties 
were evaluated. The colour of prepared films varied from 
pale white to creamish yellow, and they were aroma-free. 
FTIR analysis also revealed that cellulose, starch, and 
glycerol were successfully incorporated into the bioplastic. 
The major peaks were found at 3333 cm⁻1, 2921 cm⁻¹,  
1734 cm⁻¹, 1550 cm⁻¹, and 1033 cm⁻¹, indicating the 

presence of cellulose, starch, glycerol, and water content 
in the prepared films. Further, the soil burial method 
for the biodegradation test showed that all the prepared 
bioplastics underwent biodegradation and were completely 
biodegradable within 21 to 35 days.  By converting waste 
into value-added bioplastics, the study supports the concept 
of a circular economy and provides a green alternative to 
conventional plastics. The developed bioplastic holds market 
potential in eco-friendly packaging applications. Further 
research should be carried out to improve the mechanical 
and physical properties of bioplastics.
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