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Abstract

Bio-based plastics can solve environmental and sustainability issues arising from synthetic plastics.
Chicken feathers as well as sugarcane bagasse are two of the most affordable, abundant and sustainable
sources of protein. But they constitute one of the major daily waste products released into the
environment. Food item packaging biofilms made from these two biowastes could be helpful to both
people and the environment. Keratin is hydrophilic, non-burning and biodegradable, making it suitable
for usage in a wide range of chemical processes. The primary purpose of this research was to generate
biodegradable plastic films from chicken feather and sugarcane bagasse biowaste. The hydrolyzed-
feather-keratin (HFK) was extracted using a low-cost acid precipitation and alkali extraction method that
included urea and sodium sulphide. This aided in adopting a thermoplastic approach to build and
describe sustainability and environmental films based upon keratin with variable glycerol
concentrations. Extraction of cellulose from sugarcane bagasse was optimized statistically, which was
then acetylated to make cellulose acetate powder. This was utilized to make bioplastic film. Hence, the
present study demonstrates an efficient and sustainable approach to produce bioplastic polymers from
biowaste, which could be conceivably used in various plastic wrapping industries for food,
pharmaceutics and so on.
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1. Introduction

Plastic garbage has a number of negative consequences for health and the environment. Plastic debris
comprises harmful chemicals which escape from landfills due to poor management. Chemicals included
in plastics or plastics garbage during transportation have an influence on humans and the environment.
Burning plastic garbage raises the risk of heart disease, causes rashes, nausea, and headaches and harms
the nerves [1].

A biopolymer is one which is either biobased or biodegradable. Biomass-based products are made in-
part or fully from biomass. For example, Biobased polypropylene (PP) is a type of plastic that is used to
create drinking straws. Biodegradable (or "compostable™) plastics could be broken down by bacteria and
microorganisms. This group of polymers includes polybutylene adipate terephthalate or PBAT (e.g.
plastic bags). Following a flurry of innovations in the field of environmentally friendly packaging aimed
at reducing the negative environmental effects of conventional packaging, bioplastics have recently been

IJFMR250346510 Volume 7, Issue 3, May-June 2025 1



https://www.ijfmr.com/

~Y International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

introduced to the market. A research was conducted by Ansink et al. to probe into the public perception
towards recycling behavior for biomaterials. The results showed that people aren't very responsive to
knowledge. Furthermore, they are almost completely unaffected by the branding that identifies the type
of bioplastic used. This insensitivity is exacerbated by two disturbing factors. One is that even if a
biopolymers logo is visible, only 35% of people see it. The other reality is that those who adhere to the
logo, recycle no better than those that don't. Across all treatments, almost 90% of people throw their
cups out with plastic rubbish. While this is the planned recycling option for both conventional and
biobased plastics, it is not the case for biodegradable plastics, which must be discarded. Participants are
unresponsive to the therapies, as evidenced by non-parametric tests and instabilities. The logical next
step is to examine the influence of bioplastic packaging on consumer purchases of such items using
actual transaction or scanning data [2].

Animal by-products are now used as fertilizers, cattle feed and pet food [3]. Furthermore, a considerable
portion of it is dumped, burnt, or disposed off in landfills, resulting in diseases, economic concerns,
environmental degradation and waste of renewable sources [4]. Feather, in particular, is one of the
important resources for making biodegradable products. Every year, over 4 billion Ibs of feathers are put
as by-products in the US, most of which are discarded in landfills [5]. Feathers are discarded in
landfills, which results in environmental contamination and the loss of a useful raw material that
contains over 90% of protein in them. Feathers are produced inexorably during chicken production,
making them a reliable and sustainable source. Using bird-feathers to create products will increase the
value of feathers while providing a low- cost, renewable raw resource.

Under the concept of "waste to riches,” the excitement for creation of bioplastics has grown significantly
in recent years. The use of biomass materials such as fiber or cellulose or starch to substitute
petroleum-based ingredients in the manufacture of plastics is a well-accepted technique for building an
eco-friendly community [6]. Researchers from all around the world are interested in bioplastics created
from environmentally friendly and organic sources of biopolymers including cellulose, starch, lactic,
hydroxy alkanoates, proteins and other components made from plants or microorganisms [7].
Petrochemical polymers such as polyethylene and polypropylene, which are non-biodegradable, are
employed in a variety of applications. Landfills are generally used for the treatment and/ or disposal of
waste plastics. This has resulted in environmental issues such as contamination of the air, land and
water [8]. Bioplastics comprising natural ingredients or biodegradable polymers, such as poly hydroxy
alkanoates (PHA), poly-lactic acid (PLA), polybutylene succinate (PBS) and PBS-co-adipate have
recently been produced. Agro, medical and dairy industries are all experimenting with biopolymers as
alternative for traditional plastic [9-10].

The word "bioplastics” is still a bit of a grey area. It can be manufactured using renewable feedstocks
(like bio-polyethylene), biodegradable feedstocks (like polybutylene succinate), or perhaps both. Plastics
are primarily made up of carbon and hydrogen, both of which are extremely resistant to natural
breakdown. The environment and biological organisms are both harmed by their build-up. Traditional
plastic decomposition methods, such as landfilling, burning and substance treatment, cause
environmental devastation. The non-biodegradable nature of plastics also poses a huge hazard to
humans. Plastic pollution in the water, in addition to landfills, is damaging both human health as well as
marine creatures. Exposure of humans to plastic particles by drinking water, breathing air and eating
seafood, can induce toxicity and infectious disorders. Bioplastics biodegradation capacity allows it to
degrade into chemicals or biomass via degradation by a wide range of microorganisms [7].
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Protein-based bioplastics are a viable alternative to these materials. These bioplastics are mostly
constructed of proteins derived from agro-food waste, making them both inexpensive and
environmentally friendly. Furthermore, their manufacturing is straightforward (akin to that of standard
plastics), allowing for easy modification of their useful qualities. In this regard, the creation of
composites or the development of novel linkages to change the characteristics for protein-based
materials is critical in order to compete with traditional plastics in applications like food packaging [11].
Thermoplastics are plastic substances which become stretchy and flexible at a specified elevated
temperature, and then settle down when cooled. Thermoplastic makes up a large amount of the plastics
used in food packaging. They can be swiftly and cost-effectively framed into any desired form to meet
food wrapping needs. They are well suited to reusing and recycling, as well as to the waste-to-energy
process. Polystyrene or polyester or nylon, as well as vinyl-polymers are the most often used thermo-
polymers in food packing [12]. Because of its biodegradable qualities, low cost and renewability, starch
is a good contender for building sustainable materials. To save petrochemical resources and lessen
environmental effects, a lot of research has gone into developing starch-based polymers. However, there
are several disadvantages to starch-based materials, such as long-term stability, ageing and low
mechanical qualities. To increase the product's shelf life, elasticity and limits, plasticizers like glycerin
are generally added [13].

Studies have reported that by 2050, the growth in demand for plastics may result in the extraction of
20% of all fossil fuels worldwide. Global energy demand is also expected to climb substantially,
resulting in increased reliance on fossil fuels. Excess use of fuels increases greenhouse gas emissions,
posing a serious environmental danger. Plastic trash disposal, in addition to production, is a major
concern. Some plastics, however, can be recycled with extra procedures such as separation, shipping,
processing, and reprocessing. The bulk of plastic garbage is burned, removing carbon dioxide as well as
other noxious chemicals into the sky. CO- is the most important greenhouse gas, accounting for more
than half of global warming now and perhaps three-quarters by 2100. Bioplastics made from
environmentally benign and natural biopolymers such as proteins, cellulose or starch or hydroxy
alkanoates or other materials generated using plants and microbes have piqued the curiosity among
researchers globally [7].

Because petroleum-based plastics create solid waste material, which causes serious worldwide
environmental concerns, bioplastics are seen to be an appropriate solution for some forms of traditional
plastic packaging. Bioplastics have more benefits than traditional plastics since they are made using
plants, other biomass, microbe fermentation, chemical synthesis and/or may be broken down by
microorganisms (biodegradable). Despite growing ecological awareness, market demand and regulations
around plastic use, the bioplastic packaging sector is still in its infancy. One of the impediments is the
poor performance of bioplastics in a number of packaging applications [14]. While some bio-based
plastics breakdown naturally in the environment into harmless compounds, while others require
particular conditions to disintegrate. Over the last few years, worldwide bioplastics output has been
steadily increasing. Bioplastics, on the other hand, still have a very modest market share [15]. Various
types of biological resources are being utilised globally, for the production of bioplastics. Prominent
examples include the production of bioplastics from corn and tamarind [16], bioplastic sheets from Taro
starch (Colocasia esculenta) [17], bioplastics from starch extracted from the plant Prosopis juliflora
[18], bioplastics from cellulose extracted from Parthenium hysterophorus weed [7], corn starch-based
nanocomposite bioplastics preparation using TiOz nanoparticles [13] protein bioplastic K-60 created
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from keratin derived from chicken feathers including an alkaline reagent (NaOH) and PVA/glycerol
[19].

The main objective of this study was to use waste for the production of eco-friendly bioplastics. Keratin
from chicken feathers and cellulose from sugarcane bagasse are by-products which are inexpensive and
available in great amounts that can be used in the production of bio plastics. The present work aimed at
producing cellulose and keratin-based bioplastic film from sugarcane bagasse. Their biodegradation
properties were also analyzed.

2. Materials and Methods

2.1. Cellulose Based Bioplastic Film from Sugarcane Bagasse

2.1.1. Sample Collection: Sugarcane bagasse (dry fibrous material obtained after crushing sugarcane
during juice extraction) was collected from a local sugarcane juice shop at Suntikoppa, Coorg,
Karnataka.

2.1.2. Pre-Treatment of Sugarcane Bagasse: Sugarcane bagasse was washed many times using
distilled water to remove the dirt (Figure 1). After the washing process, bagasse was dried at 60°C and
the weight of the material was recorded every 1 hour until the weight remained constant. Various parts
ofthe bagasse were crushed using a pestle mortar followed by a blender for further powdering it (Figure
2). Sugarcane-biomass was thus obtained as the powdered sugarcane bagasse.

2.1.3. Extraction of Cellulose: Chlorination and alkaline methods were used to extract cellulose [20-
21]. 10 g of the powdered sample was dewaxed by vaporizing with toluene as well as ethanol for 2 hours
using a Rotary Evaporator (Figure 3) to eliminate waxes, pectin, organics and other impurities [22].
Following this, water and 95% ethanol were used to wash the given clear powder (Figure 4). The
modified powder was dried at 60°C until no weight change was noticed. For the breakdown of
hemicelluloses included in the material, a 5 g dewaxed sample was put in 3% sulfuric acid with a
fibre to liquid ratio of 1:10 under continuous stirring at 90°C for 2 hours (Figure 5) [23] The solution
was then cooled to 25°C and processed using Whatman Grade 1 filter paper. The residue obtained was
washed three times with distilled water before being dried at 60°C. Delignification was achieved by
treating the dried powder (Figure 6) with 0.7% sodium hypochlorite (wt/vol, pH 4.5) at 90°C for 2
hours while maintaining a fibre to liquid ratio of 1:15. The sample was then treated for 1 hour at 30°C
with a 2% (wt/vol) sodium bisulphite solution to extract holocellulose, which is a mixture of cellulose
and hemicellulose. It was filtered and rinsed with distilled water after already being treated with sodium
bisulfite, and then dried at 60°C. The holocellulose (Figures 7 & 8) was next treated for 2 hours at 90°C
with 5% sodium hydroxide (fibre to liquid ratio of 1:15, wt/vol). The sample was completely rinsed with
distilled water before being treated for 2 hours at 90°C with 3% sodium hypochlorite (wt/vol, pH 4.5)
while maintaining a fibre to liquid ratio of 1:15 (Figure 8) [7].The solution was filtered and the residue
obtained was dried at 60°C until the weight remained constant.
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Figure 1: Distilled water wash of Figure 2: Crushing of dry
sugarcane bagasse bagasse using a blender

Figure 3: Dewaxing of sugarcane TR
bagasse with toluene and ethanol  Figure 4: Dewaxed sugarcane
in a Rotary Evaporator bagasse

Figure 5: Hydrolyzed
hemicellulose solution

Figure 6: The solid residue of
sugarcane bagasse
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Figure 7: Dried sugarcane bagasse powder Figure 8: Dried holocellulose

2.1.4. Bioplastic Preparation from the Extracted Cellulose: The recovered cellulose from bagasse
was utilized for making cellulose acetate bioplastic [23]. Acetylation of cellulose was achieved by the
addition of sulfuric acid using acetic anhydride as an acetylating reagent and glacial acetic acid as a
solvent. 10 g of isolated cellulose was combined with 24 ml glacial acetic acid and agitated at 37°C for 1
hour. Thereafter, the combination of 35 ml glacial acetic acid as well as 0.1 ml sulfuric acid was roused
for 1 hr at 37°C. 0.6 mL sulfuric acid and 28 mL acetic anhydride were added when the liquid was
cooled to 18°C. The mixture was incubated at 35°C for 1.5 hours, stirring constantly. Dropwise
additions of 20 mL acetic acid with 10 mL water were made, and the mixture was agitated for 1 hour.
Finally, the material was rinsed with distilled water until the pH reached 7.0. A bioplastic film was cast
from dried cellulose acetate (CA) powder (Figure 9). To make a homogeneous viscous solution, 2 g of
CA powder was diluted with 10 ml of 99.5% acetone and agitated constantly. The viscous solution was
put onto a petridish (Figure 10) and maintained at 30°C until it transformed into a dried bioplastic film.

Figure 9: Dried cellulose acetate (CA) Figure 10: Fluid of CA casting

2.1.5. Influence of Alkali: A 1 cm x 1 cm bioplastic sheet was made and weighed exactly before being
immersed in an alkaline solution comprising sodium hydroxide at 40% concentration for three days.
After three days, the percentage of weight reduction was calculated. For 3 days, a low-density
polyethylene sheetof the same weight (as the control) was likewise subjected to this alkali.
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2.1.6. Influence of Acid: Separately, a pre-weighted bioplastic sheet measuring 1 cm x 1 cm was treated
with 10% sulfuric acid for three days. After 3 days, the bioplastic film was removed, dried and weighed
to determine the percentage of weight reduction. In the same way, an available commercial low-density
polyethylene film (as the control) was treated with this acid.

2.1.7. Influence of Salt: Pre-weighted bioplastic sheet of 1 cm x 1 cm was combined with 50 g sodium
chloride salt and incubated for 10 days to determine the effect of salt. The biobased film was taken from
the salt every 3 days, cleaned completely, dried and weighed. In the same way, a commonly produced
low-density polyethylene film (as the control) was treated with this salt.

2.2. Keratin Based Bioplastic Film from Chicken Feathers

2.2.1. Sample Collection: Fresh and wet chicken feathers sample were collected from a broiler chicken
slaughterhouse in Suntikoppa, Coorg, Karnataka.

2.2.2. Pre-treatment of Feathers: Chicken plumage were cleaned and dried for 72 hours at 60°C
(Figure 11). Degreasing was performed using diethyl ether at 24°C with a relative humidity (RH)
of 65% for 24 hours and treatment using CTAB (1 g/L) for 3 hours to eliminate microorganisms (Figure
12). Clean, defatted feathers were dried in the sun for 1-2 days before being kept in sealed bags at 4°C
for later use.

2.2.3. Extraction of Keratin: The feathers were dissolved by combining 12.5 g of chopped feathers
with 0.5M NaxS as recommended and utilized in previous research [24-25], and digested at 50°C for 6
hours using a REMI 2MLH mechanical stirrer. To remove the supernatant from undissolved feathers,
the resulting mixture was filtered twice using Whatman no.1 filter paper and centrifuged for 15 minutes
at 10,000rpm in a REMI R-8C centrifuge. Using a Digital pH meter DP 505, the pH was regulated to 3.5
to precipitate the protein [24]. Centrifugation around 10,000 rpm for 10 min was used to collect keratin
protein sediments, which were then washed with double distilled water. To make keratin powder, the
keratin protein particles were dried overnight at 60°C (Figure 13). 1mg of these keratin samples were
dissolved in 2mL of 2N NaOH.

2.2.4. Preparation of Bioplastic from the Extracted Keratin: 60mL of keratin solution was
combined with increasing doses of glycerol (1, 2, 3, 4, 5 and 6%) and treated for 3 hours at 60°C with
steady magnetic stirring (Figure 14). The aliquot was spread onto a circular petri-plate and baked for 48
hours at 60°C. Following this, the biopolymer was separated from the plate (Figure 15), tagged and kept
for examination. This procedure was performed with all the glycerol doses.

2.2.5. Influence of Alkali: The resulting bioplastic sheet was weighed accurately before being stored in
an alkaline solution of 40% sodium hydroxide for three days. Following this, the percentage weight
reduction was calculated. For 3 days, a low-density polyethylene sheet of the same weight (as the
control) was likewise subjected to this alkali.
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Figure 13: Dried keratin

Figure 11: Washed  pigyre 12: Degreasing of powder
and dried chicken  feqthers with petroleum
feathers ether followed by CTAB

Figure 14: Keratin powder Figure 15: Keratin and glycerol
dissolved in NaOH aliquots spread over circular petri-

2.2.6. Influence of Acid: Separately, a pre-weighted bioplastic sheet measuring 1 cm x 1 cm was treated
with 10% sulfuric acid for three days. After 3 days, the bioplastic film was removed, dried and weighed
to determine the percentage of weight reduction. In the same way, an available commercial low-density
polyethylene film (as the control) was treated with this acid.

2.2.7. Influence of Salt: Pre-weighted bioplastic sheet of 1 cm x 1 cm was combined with 50 g sodium
chloride salt and incubated for 10 days to determine the effect of salt. The biobased film was taken from
the salt every 3 days, cleaned completely, dried and weighed. In the same way, a commonly produced
low-density polyethylene film (as the control) was treated with this salt.

2.3. Short-Term Degradation Analysis of the Prepared Cellulose and Keratin Based Bioplastics
and Low-Density Polyethylene in Soil

2.3.1. Short-Term Biodegradation Analysis of the Prepared Cellulose and Keratin Based
Bioplastics and Low-Density Polyethylene in Soil: Non-sterilized cellulose and Kkeratin-based
bioplastic films, as well as low-density polyethylene films (2 cm x 3 cm), were buried in agricultural
soil (100 g soil/pot). For 7 days, the pots were kept in a controlled environment (25°C and 60%
relative humidity). Throughout the trial, the moisture content of the soil was kept between 35 and 40%.
After 7 days, the plastic films were retrieved and the residual masses were calculated after brushing the
soil away. The decrease of the polymers was used to compute the degradation ratio.
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3. Results
3.1. Cellulose Based Bioplastic Film from Sugarcane Bagasse

3.1.1. Extraction of Cellulose: Using alkali treatment as well as chlorination, cellulose acetate was
recovered from Bagasse biomass in this work. The extraction of cellulose was improved, and even the
obtained cellulosewas acetylated to make cellulose acetate.

3.1.2. Cellulose Yield: Thin sheets of bioplastic film were created. The white powdered shape
of the extracted material suggested that a large proportion of the non-cellulosic components were
removed. The recovered cellulose yield from sugarcane bagasse material was estimated to be 30.57%
(wt/wt) which was calculated using the following formula:

Yield percentage = (Weight of cellulose / bagasse biomass) x 100

3.1.3. Bioplastic Preparation: Bioplastic film was made from the cellulose acetate produced from the
extracted cellulose (Figure 16). Solvent casting was used to create a thin 0.8 mm bioplastic sheet. After
evaporation of acetone, highly viscous dope was transformed to film in this procedure. NaOH aided the
acetic anhydride based efficient reaction with the hydroxyl groups of cellulose by boosting fibre
swelling during the cellulose extraction process. After acetylation, cellulose acetate was formed,
demonstrating its acetone solubility. Cotton linters and flax fibres were utilised to make cellulose
acetate-based bioplastic (Figure 17).

3.1.4. Light Microscopy Results of the Prepared Bioplastic: Figure 18 shows the light micrographs of
sugarcane biomass and extracted cellulose at 40x magnification. The elimination of hemicelluloses,
surface contaminants and non-cellulosic components is indicated by the smooth and rough texture with
ridges as illustrated in Figure 18.

Figure 16: Extracted cellulose

[ - e . d
Figure 18: Light micrographs of sugarcane biomass (left)
and extracted cellulose at 40X (right)
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3.1.5. Influence of Alkali: At a high alkali concentration (40% NaOH), the weight-loss of bio- based
and low- density polyethylene films was examined. In 40% NaOH, the weight reduction of biopolymers
increased over time. After three days of treatment with 40% NaOH, bioplastic had lost up to 75% of its
weight. However, after 3 days of treatment with 40% NaOH, the loss of weight of low-density
polyethylene was virtually 0%, indicating that low-density polyethylene is more resistant to alkali than
cellulose-based bioplastics. Because of the existence of hydrolysable ester linkages in cellulose acetate,
the cellulose-based plastic is sensitive to alkali.

3.1.6. Influence of Acid: At a 30% sulfuric acid concentration, the weight loss of bioplastic and low-
density polyethylene films was studied. After three days in the vicinity of 30% sulfuric acid, the
bioplastic had shed 40% of its weight. In the presence of 30% sulfuric acid, the losing weight of low-
density polyethylene reached 50% in three days.

3.1.7. Influence of Salt: The results showed that salts such as sodium chloride seemed to have no
influence on the bioplastic formed, since there was no weight loss after three days. The bioplastic
demonstrated good salt resistance and hence signified that it might be a good replacement for polythene,
which is routinely used in the manufacture of salt containers.

3.2. Keratin Based Bioplastic Film from Chicken Feathers

3.2.1. Extraction of Keratin: To transform discarded feathers into a biopolymer, chicken feathers were
treated with sodium sulphide. In order to achieve maximal potency in the regenerated product, optimal
circumstances appeared to necessitate short incubation durations. The parent keratin's -sheet structure
was substantially preserved by keeping the pH around 3.5. The keratin that was created was found to
have promising physical qualities for its application as a biopolymer.

3.2.2. Keratin Yield: The yield of the extracted keratin powder from chicken feather material was
estimated to be 44.94% (wt/wt) which was calculated using the following formula:

Yield percentage = (Weight of keratin / feather biomass) x 100

3.2.3. Bioplastic Preparation: Plastic films were made from extracted keratin solution combined with
various concentrations of glycerol (1 to 5%). The finest mechanical and thermal characteristics were
found in bioplasticsproduced from keratin and 2% glycerol. Bioplastics containing 1% and 3% glycerol
broke very easily and were not strong enough. Other bioplastics containing 4% and 5% glycerol were
unable to dry completely which made them sticky and weak (Figure 19).

3.2.4. Light Microscopy Results of the Prepared Bioplastic: Light microscopy of the bioplastic
containing 2% glycerol revealed extremely good suitable morphologies free of cavities, edges and holes
(Figure 20). As a result, the glycerol assisted in the formation ofa homogeneous mixture with visible
evidence of plasticization with in keratin matrix. The 6% glycerol biopolymers film had more gaps and
non-soluble particles than the 2% glycerol bioplastic film. The appearance of unfilled micro spaces
might be due to a better degree of plasticizer dispersion in the polymer matrices when the plasticizer
level is lower.
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Figure 19: Keratin based bioplastic containing 1-6% glycerol (from top left
to bottom right)

vy
A Al

Figure 20: Light micrographs of bioplastics containing 2% (left) and 6%
(right) glycerol observed under 40X

3.2.5. Influence of Alkali: At a high alkali concentration (40% NaOH), the weight-loss of biopolymers
versus low-density polyethylene films was examined. After three days of treatment with 40% NaOH,
bioplastic had lost 100% of its weight and the weight loss in low-density polyethylene was virtually
0%, indicating that low-density polyethylene was much more resistant to alkali than bioplastic made
from keratin.

3.2.6. Influence of Acid: At a 30% sulfuric acid concentration, the weight-loss of bioplastic and low-
density polyethylene films was recorded. After three days in the vicinity of 30% sulfuric acid, the
bioplastic had lost 80% of its weight and the low-density polyethylene had lost 50% of its weight.

3.2.7. Influence of Salt: The bioplastic lost 65% of its weight after 3 days in the presence of sodium
chloride. There was no change in the weight of low-density polyethylene in the presence of salt.

3.2.8. Comparative Analysis of Weight-Loss Study: The bioplastics obtained from cellulose and
keratin were subjected to treatment with different chemicals and their weight loss was studied, as
explained in the above sections. The influence of alkali, salt and acid on weight-loss of these samples
was compared with that of low-density polyehtylene plastic. As reported in the earlier sections, both the
types of bioplastics demosntrated significantly higher degradability when compared to low-density
polyehtylene plastic, as depicted by the reduction in weight of these samples after treatment with the
various chemicals. Keratin bioplastic demonstrated better degradability results than the cellulose
bioplastic. This is summarized in figure 21.
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Weight-loss Analysis

B Celulose bioplastic
% 8 Keratin bioplastic
_ B Low-density polyethylene plastic
y/ /.
P

10% Sodmm hydroxxie Sodwum chlonde 30% Sulphuric acid

Weight loss percentage after3 das of treatment

Effect of different chemicals on weight loss

Figure 21: Comparative weight loss of samples after treatment with different
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3.3. Short-Term Biodegradation Analysis of the Prepared Cellulose and Keratin Based Bioplastics
and Low-Density Polyethylene in Soil

To determine the degradability of the each polymerin nature, cellulose and keratin-based bioplastic
films, as well as low-density polyethylenefilm (2 cm x 3 cm), were buried in agricultural soil (100 g-
soil/pot) for 7 days and the weight reductions of the plastics were measured (Figure 22). The weight-loss
in cellulose-based bioplastic observed was 4% (Figure 23), which suggested that this bioplastic
might take at least 175 days for 100% degradation of cellulose bio-plastic used in this study. The
weight reductions of Kreatin-based bioplastic observed was 90% (Figure 23), where very minute
remnants of the plastic were observed in the soil which were difficult to separatefrom the soil. It was
inferred that it might take around 8 days for 100% degradation of the amount of keratin bio-plastic used
in this degradation study. However, low-density polyethylene remained un-degraded (Figure 23). No
physical change was observed. This finding suggested that the chemical composition and bonding
properties of bioplastics are directly connected to their disintegration in nature. A comparative analysis
of this degradability test is depicted graphically in figure 24.

g

Figure 22: Short-Term Degradation of Cellulose-based bioplastic (left), keratin-
based bioplastic (middle) and low-density polyethylene film (right) in soil day 1
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Figure 23: Short-Term Degradation of Cellulose-based bioplastic (left),
keratin-based bioplastic (middle) and low-density polyethylene film
(right) in soil after 7 days

Short-term Biodegradation Analysis

' n" B Percentage biodegradation
- .'/‘

Celulose bioplastic Keratin bioplastic Low-density
polyathylene plastic

Percentage of biodegradation after 7 days

Samples

Figure 24: Comparative weight loss of samples after short-term biodegradation

4. Discussion

Biodegradable raw materials derived from components such as proteins, polysaccharides or lipids are
currently seeing a surge in research. The usage of biodegradable polymers is thought to be the most
efficient option to a number of synthetic polymer-related environmental contamination issues. Feather is
among the most important possible biodegradable resources. The protein keratin makes up over 90% of
protein content in feathers and it is abundant in the chickensector. Within United States, 3 to 4 billion Ibs
of feather waste is produced by the poultry business, while China produces over 1.5 billion pounds.
Despite the fact that it is inexpensive, biodegradable, renewable and readily accessible, is nearly not
useful in industrial uses. But for uses in animal food, duvets and coats, feather is primarily released as
solid waste in landfills, posing environmental and economic concerns. Furthermore, the duvet plus
down coat that have been abandoned may cause secondary issues. Several research organizations are
producing suitable feather to tackle solid waste contamination [26]. The most common cellulose
extraction method is to use an alkali, such as sodium hydroxide solution. Although alkali treatment is an
effective method for eliminating non-cellulosic materials and therefore is widely used in industry, it
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produces waste, which adds to the already existing environmental issues. The standard process is used to
handle a variety of wood samples in a variety of ways. Placing labelled filter bags carrying single wood
samples in a Soxhlet extractor or beaker full of chemicals is a conventional method [27]. An innovative,
environmentally acceptable method is using chemically modified keratin derived by wool debris as a
nitrogen/phosphorus-containing fire retardant in cotton fabrics [28]. Plasticizers used in bioplastic
preparation, including natural antioxidants, diacetin or citrate or glycerol derivatives etc, increase the
flexibility property and extensibility of bioplastic sheets [29]. However, some of the most regularly
utilized plasticizers really aren't eco sustainable [30]. Few of the commonly used plasticizers include
triacetin, diacetin, diamyl tartrate, glyceryl tribenzoate, peg, chitosan and glycerol [31, 29].

Bioplastics have many of the same benefits as petroleum-based plastics (low cost, light in weight and
flexibility), but also with the added benefit of "organic” ingredients. They're claimed to be more eco-
friendly and long-lasting than standard polymers [32]. Another source of concern is the rising expense of
nonrenewable oil products, which is prompting scientists to discover environmentally good and safe
replacements. Biological and chemical operations such as bacterial fermentation, hydrolysis, as well as
other methods are used to make bio-based polymers from renewables such as grain, potatoes, corn
and even vegetable oil. Within the different resources available in nature, starch is the most commonly
used by researchers. The linear form of amylase imparts mechanical properties of flexibility and strength
to the bioplastics. Amylopectin's branching structure, on the other hand, results in lower resistance to
final tensile and elongation properties in bioplastics [16].

The treatment of lignin and hemicelluloses with sodium hypochlorite and alkaline solution resulted in
their solubilisation [33, 34]. The second treatment with sodium hypochlorite resulted in the massive
removal of excess lignin and other contaminants from elementary cellulose. Because natural biomass
contains various non-cellulosic substances like lignocellulosic materials and others to offer potency to
the biomass, the study of bagasse biomass revealed spherical structures of the fibers with large
impurities on the surface, as reported by other studies [35].

The chemical makeup of the original raw material may explain the variations in weight loss between
bioplastic and low- density polyethylene. However, when exposed to 30% sulfuric acid, the bioplastic
outperformed petroleum-based polythene, owing to its chemical crystalline structure's high stability and
atom-to-atom bonding, making it appropriate for the pharmaceutical and food sectors.

As a result, the components demonstrated strong bonding, which was influenced by the presence of
chemical bonding in keratin with glycerol [26]. Bioplastics may be decomposed by a group of bacteria
in nature, wherein microbial metabolism converts them to carbon dioxide and water. Non-biodegradable
petrochemical plastics like PA66, polypropylene and polyethylene persist for a long time in the
environment because they are resistant to microorganism invasion.

5. Conclusion

The extraction of cellulose and keratin from sugarcane bagasse waste and chicken feather biomass,
respectively, was effective in this work. Bioplastic films were made from the harvested cellulose and
keratin.

The morphology of obtained cellulose was validated by light microscopy, which revealed a neat yet
rough surface featuring ridges related to the chemical treatment that removed a considerable number of
hemicelluloses that were tightly bound to the cellulose. The maximum strength of chicken feather
keratin film was reduced when the glycerol content was raised. The addition of glycerol to the
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microstructure of keratin biofilms made the film surfaces more uniform. The bioplastic manufactured
from keratin with 2% glycerol displayed the best thermal and mechanical characteristics, according to
the findings reported in this study. Aside from that, it exhibited good compatible morphology without
edge, hollow or holes, according to light microscopy tests reported in this study. In terms of salt and
diluted acid resistance, the bioplastic made from cellulose acetate displayed similar resistance as that of
petroleum-based plastic. The bioplastic's mechanical qualities imply that it may be used to make
packaging materials, salt containers, fiber and plastic tools.

The findings of this study demonstrate the efficient use of cellulose and keratin for the creation of
biodegradable plastic. These bioplastics produced were also proven as biodegradable. Conclusively, the
developed cellulose and keratin-based bioplastics in this work, display a promising future in various
industrial applications.
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