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Abstract - The rising demand for plastics has led to a 
significant growth in plastic waste, creating a substantial 
threat to the environment. In response to this, researchers 
are exploring an alternative, biodegradable plastic to 
replace traditional synthetic plastics. This study focuses on 
the development of bioplastics from Mierspenaeopsis 
hardwickii shrimp shells, a readily available and renewable 
resource. We extracted chitin from shells and converted it 
into chitosan via few steps like demineralization, 
deproteinization and deacetylation. Further, chitosan was 
characterized by studying its moisture content, solubility, 
degree of deacetylation and Fourier Transform Infrared 
Spectroscopy (FTIR) analysis. Then characterized chitosan 
was used to produce bioplastic films by adding components 
like starch, Glacial Acetic Acid and Glycerine. The resulting 
bioplastics exhibited excellent properties and 
biodegradability. One film without chitosan was also 
prepared and characterized with films which were made 
with chitosan. Our findings suggest that shrimp shell 
chitosan-based bioplastics have the potential to replace 
traditional plastics in various applications, reducing the 
environmental impact of plastic waste. 
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1.INTRODUCTION 

In today’s era of swift industrialization and economic 
growth, countries like India are emerging as major players 
in global economy.  However, this progress is 
accompanied by a significant increase in waste production, 
especially plastic waste, which poses severe 
environmental issues. According to the report of the 
Central Pollution Control Board (CPCB) 2020-21, 
Maharashtra generates plastic waste approximately 
3,11,254 tonnes per annum. Among the states, 
Maharashtra contributes the big share of plastic waste, 
with metropolitan cities like Mumbai and Pune identified 
as major contributors due to their dense populations, 
booming industries, and consumer-driven lifestyles.[1] 

The widespread distribution and uncontrolled as well as 
unregulated deposition of plastic across land and water 
bodies have caused the environmental challenges. The 
poor practice of dumping and littering, especially in 

coastal and urban zones, contribute to soil deterioration, 
water pollution, and disruption of ecological equilibrium. 
Despite these drawbacks, plastic is an integral part of 
modern life due to its properties like flexibility, versatility, 
moisture resistance, lightweight and affordability. [2] As a 
result of these health and environmental effects, scientists 
have been exploring substitute, biodegradable materials to 
replace conventional synthetic plastics. To make this 
bioplastic, there are several sources of renewable biomass 
like plants, algae, or microorganisms, which offer a 
promising solution to the issue of plastic waste. However, 
the production of bioplastics can be expensive and 
compete with food crops for land, water, and other food 
resources. Therefore, there is a need to explore 
alternative, non-food biomass sources for bioplastic 
production.  

Shrimp shells, a waste byproduct of the seafood industry, 
are easily available and renewable resource which can be 
used to produce bioplastics. Shrimp shells are rich in 
chitin, a polysaccharide that can be converted into 
chitosan, a biodegradable and non-toxic polymer. [3] For 
this purpose, we can also use Mierspenaeopsis hardwickii 
which is popularly known as spear shrimp which are 
found mostly on seafloor at the depth of up to 90 meters 
and at sandy mud. [4] Chitin is the second most abundant 
natural polymer after cellulose. Chitosan is well known for 
its mechanical strength, biocompatibility, biodegradability 
and thus explored for various applications, including 
biomedical devices, water treatment, food packaging while 
some studies have shown that chitosan-based materials 
exhibit high tensile strength and thermal stability, which 
are essential for various industrial applications also. [5], 
[6] 

             

Fig No.1:  Male Mierspenaeopsis hardwickii [4] 
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In the production of chitosan-based bioplastic, chemicals 
like Hydrochloric acid (HCl) and Sodium hydroxide 
(NaOH) are utilized to remove minerals and proteins from 
the raw material like chitin of shrimp shells. Glacial acetic 
acid facilitates in dissolving chitosan, whereas starch, 
glycerine, and water serve as plasticizers and fillers, 
enhancing elasticity and flexibility of the final product. [7], 
[8], [9] Such biopolymer development projects are 
significantly increasing due to properties like 
renewability, low cost, biodegradability, and low toxicity. 
The characterization of these bioplastic films involves 
techniques to evaluate solubility, chemical resistance and 
degradation profiles. [10], [11] 

Ultimately, incorporating bioplastics into waste 
management strategies can play a major role in alleviating 
the plastic crisis. With research focused on cost efficiency 
and performance, and biodegradation capacities, 
bioplastics especially chitosan-based films represent an 
important step towards environmentally sustainable 
development. This research provides a novel approach to 
developing sustainable bioplastics and underscores the 
importance of exploring alternative to synthetic plastic, 
renewable resources for a more environmentally friendly 
future. The results of such research will provide insights 
into the potential of shrimp-based bioplastics to replace 
traditional plastics and reduce the environmental impact 
of plastic waste. 

2. METHODOLOGY 

2.1 Preparation of raw material: 

Shrimp samples were collected from the local fish market. 
Shells of collected shrimp samples were removed and then 
washed thoroughly with tap water to remove exoskeleton 
or flesh. Further shells were dried in sun for 3-4 days and 
grounded into fine powder using mortar pestle. Dried shell 
powder was sieved and placed in opaque bottle to store at 
ambient temperature. Meanwhile representative shrimp 
samples were identified as Mierspenaeopsis hardwickii.  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig No. 2: Collection of shrimp shells 

2.2 Demineralization: 

For this step, shrimp shell powder was demineralized 
using 5% HCl at room temperature for 24 hours. Here, 
ratio for shell powder to 5% HCl was taken as 1:6 (w/v). 
After completion of 24 hours, the shells were quite 
squashy and were rinsed with water to remove acid and 
CaCl2. Further shells were dried in Hot air oven at 60°C of 
for 8 hours. To ensure completion of demineralization of 
shells, small amount of HCl treated shell powder was 
reacted again with 10% HCl solution. Absence of bubble 
production in tube proved successful demineralization. [5] 

2.3 Deproteinization:  

Demineralized shell powder was further deproteinized 
using 5% NaOH solution at 60°C for 48 hours at the ratio 
of 1:10 (w/v). After deproteinization, the residue was 
washed with distilled water to remove NaOH. Then it is 
dried for 2-3 days and the residual solid mass obtained 
was chitin. [5]  

2.4 Deacetylation:  

Deacetylation is the process used to convert chitin into 
chitosan via removal of acetyl group. After rinsing with 
distilled water, the decalcified chitin was added to a 60% 
NaOH solution for 2 hours. Then it was rinsed with 
distilled water and dried at 60-650C for overnight in Hot 
air oven. Product obtained after deacetylating chitin was 
chitosan. [5] 

Fig No.3: Extracted Chitosan 
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2.5 Characterization of Chitosan:  

2.5.1 Moisture content: 

Estimation of moisture content of produced chitosan is 
crucial as this parameter can affect the quality of chitosan. 
Gravimetric method described by [3] was used which 
involved calculating weight of chitosan before and after 
drying, where water mass loss was estimated. Lost water 
mass was the difference between the wet and dry sample 
weights.  

Moisture content = Wet weight – Dry weight × 100 

                                                Dry weight 

2.5.2 Degree of deacetylation (DD %): 

Degree of deacetylation refers to percentage of acetyl 
groups removed from chitin to convert it into chitosan. To 
determine the degree of deacetylation, acid-base titration 
of the generated chitosan was performed as per protocol 
given by [12] where 0.125g chitosan was weighed and 
mixed with 30ml of 0.1M std HCl solution. Methyl orange 
(stock solution of indicator) was prepared by mixing 
0.05gram in 100ml water; 5-6 drops of indicator were 
added to the solution and then stirred for 30 minutes until 
the homogeneous chitosan HCl mixture was attained. This 
was done on magnetic stirrer at room temperature. Then 
homogenized mixture was titrated against 0.1M NaOH 
solution until the red-coloured solution turns orange. 
Using  

the given eq. the DD% of chitosan was determined. 

DD%   =    C1V1 - C2V2 × 0.016 × 100 

                     M × 0.0994  

where; C1 and C2 are the mol/L concentrations of 
standard HCl and NaOH aqueous solutions respectively, V1 
is the volume of 0.1 M HCl solution utilized during titration 
(mL), V2 is the volume of 0.1 M NaOH solution consumed 
during titration (mL), and M is the weight of derived 
chitosan (g). The weight of the NH2 group in 1 mL of std 
1 M HCl solution, expressed in grams, is a standard factor 
and direct proportional ratio of the NH2 group by weight in 
the resulting chitosan is 0.0994.  

2.5.3 Solubility of chitosan: 

Estimation of solubility of extracted chitosan was 
determined using method suggested by [5]. 0.1 gram of 
chitosan powder was taken in centrifuge tube of known 
weight, and then dissolved in 10 ml of 1% acetic acid for 
30 minutes using an incubator shaker operating at 240 
rpm and 25°C. The mixture in the centrifuge tube was 
heated for 10 minutes using boiling water bath and then 

cooled to 25°C and centrifuged at 5000 rpm for 10 
minutes. The supernatant was discarded, and undissolved 
particles were washed in distilled water (25 ml) and then 
undissolved matter was dried at 60°C for 24 h and by 
weighing the mass of particles, the percentage solubility 
was determined using the following equation: 

Solubility (%) =  

(Initial weight of (tube+ chitosan)) – (final weight of 
(tube+ chitosan)) X 100 

(Initial weight of (tube + chitosan))–(weight of empty 
tube)                     

2.5.4 Fourier Transform Infrared Spectroscopy 
(FTIR) Analysis: 

FTIR analysis provides insight into the chemical 
composition and molecular structure of sample by 
detecting and analyzing the functional groups present in 
the sample. It also provides important information about 
characteristics and functionality. FTIR analysis was done 
by the model named BRUKER Tensor II, single reflection 
diamond ATR. Sample's FTIR spectrum was recorded at a 
wavelength between 400 and 4000 cm-1. 

2.6 Manufacturing of Bioplastic: 

 Components were added into heat resistant container as 
per table no.1. Each mixture was heated using a hot plate 
at around 70-80°C until the mixture thickens. During this 
step, mixture was continuously stirred to prevent the 
formation of lumps and to provide even distribution of 
heat. Further, heated bioplastic mixture was poured and 
rolled onto flat, non-stick surfaces like glass or metal 
sheets or petri-plate until it forms thin layer. All the 
bioplastic films were allowed to air dry at room 
temperature for several hours until it becomes solid and 
rigid. Lastly, films were scraped out from surfaces and 
characterization was done. [10] 

 

Table No.1: Composition of formulated Bioplastic films 

Sr. 
No
. 

Sampl
e ID 

Chitosa
n 
(grams) 

DW 
(ml
) 

Starch 
(grams
) 

GAA 
(ml
) 

Glycerin
e (ml) 

1 A 1 100 15 30 10 

2 B 1 100 15 35 5 

3 C 1 100 20 30 10 

4 D 2 100 15 25 10 

5 E 1 100 10 30 15 

6 F 1.5 100 15 25 20 

7 G - 100 15 30 15 
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Fig No.4 : Synthesized Bioplastic film B 

2.7 Characterization and biodegradation of 
bioplastic: 

2.7.1 Thickness: 

A handheld micro-meter screw gauge (0–25 mm, 
Mitutoyo, Japan) was used for measuring the thickness of 
bioplastic films. The bioplastic films were cut into 3 cm × 
3 cm dimension for testing. At random four positions, the 
thickness of each film samples measured and values were 
noted. The mean values of thickness were used as final 
values in the further tests. [6] 

2.7.2 Swelling:  

Swelling test was performed using method described by 
[6]. All the bioplastic films were cut into 3 cm x 3 cm 
dimension and dried at 60°C in hot air oven. Initial 
thickness of each samples was measured. The films were 
kept immersed in water for 24 hours. Thickness of the 
samples after immersion were measured.  

Swelling (%) =     Th1 −Th0   ×100 

                                      Th0  

(where Th0, Th1 = Thickness of the sample before and 
after immersion in water, respectively) 

2.7.3 Water absorption test: 

All the bioplastic films were cut into 3 cm × 3 cm 
dimension and dried at 60 °C in hot air oven. Initial mass 
of the films was noted. The films were immersed in the 
water for 24 hours. The mass after immersion was 
measured.  

Water absorption (%) =   M1 − M0     ×100  

                                                       M0 

(where M0, M1 = mass of the sample before and after 
immersion of the sample, respectively) [6] 

 

 

2.7.4 Film transparency: 

The bioplastic films were cut into 1 cm × 3 cm in order to 
match the width and height of cuvette. The films were 
attached to the side of the cuvette. Synthetic plastic film 
made from polyethylene was used as control. Absorbance 
was recorded at 600 nm using UV-1800 Shimadzu 240V 
UV spectrophotometer. Transmittance was calculated 
using below mentioned equation.  

%T = Antilog (2−Absorbance)  

The transparency was determined using the formula,  

Transparency = Log %T / b  

(where %T is transmittance at 600 nm and b is the 
thickness of bioplastic (mm). [6] 

2.7.5 Organoleptic properties: 

Organoleptic features describe a substance's sensory 
qualities, specifically those that can be detected by the 
senses of humans. The evaluation of organoleptic qualities 
is crucial when analyzing bioplastics for a report in order 
to analyze their sensory components and potential 
influence on consumer acceptability. Some of the factors 
assessed are odour, colour, durability etc. [10] 

2.7.6 Water solubility: 

All the bioplastic film samples were cut into 3 cm × 3 cm 
pieces, dried at 60 °C for 2 hours and weighed. The dried 
pieces of films were immersed in 20 ml of distilled water 
in petri plate and kept on a rocker for 24 hours at room 
temperature. After 24 hours, the films were observed for 
solubility. The residues were dried and then weighed to 
calculate the percentage of the solubility of the films.  

Solubility % = W0 −W1    ×100  

                                W0 

(where W0 = initial dry weight, W1 = final dry weight) [6] 

2.7.7 Chemical resistance:  

The bioplastic films (3 x 3 cm) were immersed in different 
solvents (0.1 N HCl, 0.1 N NaOH, NaCl solution) for 
48 hours, and their resistance was determined by 
observing changes in appearance. [6] 

2.7.8 Soil burial testing:  

Pre-weighted bioplastic films (3 × 3 cm) were dried in an 
oven at 70 °C for 24 hours, and buried into soil at depth of 
10 cm. The possible natural landfill biodegradation was 
determined by weighing the bioplastic films every 5 days 
till 45 days. In each stage, the samples were rinsed with 
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running tap water to remove any soil residues and then 
drying in an oven at 70 °C for 3 h to remove any moisture. 
The weight loss was determined by the following 
equation:  

Weight loss ( % ) =  W 0 − 𝑊 1    × 100 

                                            W 0 

(where, W 0 is the weight before test and W 1 is the 
weight after test) [11] 

3. RESULTS AND DISCUSSION  

Moisture content of chitosan is very important as it affects 
thermal, mechanical and barrier properties of chitosan 
films. It also affects stability and shelf life of chitosan. [13] 
According to [14], commercial chitosan can have 10% 
moisture content.  In present work, Table no. 2 
demonstrates that moisture content of produced chitosan 
was 8.4%. 

Chitosan is a derivative of chitin produced via 
deacetylation procedure. It has more solubility and wide 
range of applications as compared to chitin. DD of chitosan 
may range from 30% to 95% depending upon the 
available source and procedure. [9] According to sigma-
Aldrich, the extracted chitosan and commercial chitosan 
were observed to be 86 and 75-85 percent deacetylated, 
respectively. While in this investigation, degree of 
deacetylation was found to be 85%.  

Due to rigid crystalline structure of chitosan, it is insoluble 
in most of the solvents. [7] Then [15] have studied that 
lower solubility of chitosan indicates incomplete removal 
of protein. According to [16], chitosan has a high solubility, 
varying from 83.28 to 99.05 %., and [17] found that 
chitosan solubility ranges between 48.3 to 97.65 percent 
at different temperatures and NaOH concentrations.  
However, Table no. 3 shows that solubility of extracted 
chitosan was 93%.  

Sr. No. Properties of chitosan Results 

1 Moisture content  8.4 % 

2 Degree of deacetylation  85 % 

3 Solubility  93% 

 
Table No.2: Properties of chitosan 

FTIR analysis of produced chitosan sample i.e. Table no. 3 
and Fig no. 5 showed the presence of various functional 
groups like Ether, Hydroxyl and Amines. Ether bonds can 
improve flexibility, solubility, and mechanical strength of 
bioplastic. Hydroxyl group enables hydrogen bonding and 
influences film’s structure. While, Amine group of chitosan 
used for bioplastic production contribute to the flexibility, 

thermal degradation resistance, thus helps in improving 
their biodegradability and making it safe for human use as 
well as for environment.[10] 

 

Fig No.5: FTIR Graph 

Sr No. Frequency 
range 

Peak 
assignment 

Remarks 

1 1013-1055 R-O-R Ether Group 

2 2826-3006 NH2 Amine Group 

3 3665-3706 OH  Hydroxyl Group 

 
Table No.3: FTIR Results 

Characterization of formulated bioplastic films: 

Thickness is an important factor as it affects transparency, 
density and mechanical properties while formulating 
bioplastic film. Among all the formulated bioplastic films, 
we found that increasing concentration of the glycerine or 
plasticizer led to increasing thickness (Films E, F and G). 
Higher swelling % were observed in films A, C and F. It 
was possibly due to the higher hydrophilicity and water 
absorption capacity of starch and plasticizer. Additionally, 
bioplastic without chitosan showed higher thickness and 
increased water absorption. Films B and G showed more 
solubility.  

All formulated bioplastic films were less transparent as 
compared to synthetic one but film B showed maximum 
transparency. On the contrast, film without chitosan i.e. 
film G was least transparent. Most of the films showed 
change in dimension upon treatment with HCl and NaOH 
while there was no change observed in presence of NaCl. 
All bioplastic films were soft after chemical treatments. 
Surprisingly, film C was found to be slightly dissolved in 
NaOH solution.  
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Texture and extensibility of all the bioplastic films were 
good except in film without chitosan. Film C and G showed 
slightly pungent odour. This could be because of higher 
concentration of glacial acetic acid. During degradation 
experiment, it was found that degradation rate was quite 
high for initial 7-9 days. Film E showed maximum 
biodegradation among the formulated bioplastic films. 
While other bioplastic films showed approximately 25-

40% degradation within 28 days. 

Sr No. Film ID Thickness 
before 
immersion 
(mm) 

Thickness 
after 
immersion 
(mm) 

Swelling 
(%) 

1 A 0.44 0.47 6.81 

2 B 0.34 0.35 2.94 

3 C 0.40 0.43 7.50 

4 D 0.63 0.66 4.76 

5 E 0.80 0.84 5.00 

6 F 0.72 0.79 9.72 

7 G 1.04 1.08 3.84 

Table No.4: Thickness and Swelling Percentage 

Sr 
No. 

Film 
ID 

Mass before 
immersion 
(grams) 

Mass after 
immersion 
(grams) 

Water 
Absorption 
(%) 

1 A 1.242 2.010 61.83 

2 B 0.608 1.141 87.66 

3 C 1.870 3.822 104.38 

4 D 2.239 4.010 79.09 

5 E 0.525 0.824 56.95 

6 F 2.130 4.317 102.67 

7 G 1.960 4.168 112.65 

Table No.5: Water Absorption Test 

Sr No. Film ID Initial Dry 
Weight 
(grams) 

Final Dry 
Weight 
(grams) 

Solubility 
(%) 

1 A 1.242 0.940 30.20 

2 B 0.608 0.090 45.99 

3 C 1.870 1.580 15.50 

4 D 2.239 1.610 28.09 

5 E 0.525 0.420 20.00 

6 F 2.130 1.372 35.58 

7 G 1.960 1.09 44.38 

Table No.6: Solubility Test 

Sr 
No. 

Film ID Absorbanc
e at 600 
nm 

Trans
missio
n (%) 

Thick
ness 
(mm) 

Transp
arency 

1 A 0.300 50.11 0.44 3.86 

2 B 0.225 59.56 0.34 5.22 

3 C 0.474 33.57 0.40 3.81 

4 D 0.530 29.51 0.63 2.33 

5 E 0.800 15.84 0.80 1.49 

6 F 0.502 31.47 0.72 2.08 

7 G 1.023 9.48 1.04 0.94 

8. Control 0.185 65.31 0.13 13.96 

 

Table No.7: Film Transparency Test 

Sr No. Film ID 0.1 N HCl 0.1 N 
NaOH 

NaCl 

1 A b, d, f, g, j a, d, f, g, i b, c, f, g, j 

2 B a, c, f, g, j a, d, f, g, i b, c, f, g, j 

3 C a, c, f, g, j a, c, e, g, i b, c, f, g, j 

4 D a, c, f, g, j a, c, f, g, i b, c, f, g, j 

5 E a, c, f, g, j a, d, f, g, i b, c, f, g, j 

6 F a, c, f, g, j a, c, f, g, i b, c, f, g, j 

7 G a, c, f, g, j a, c, f, g, i b, c, f, g, j 

Table No. 8: Chemical Resistance Testing 

(a= Change in dimension, b= No change in dimension, c= 
Absorption, d= No Absorption, e= Dissolved, f= Not 
dissolved, g=Softened, h= Brittle, i= Disruption, j= No 
disruption) 

Sr 
No. 

Film 
ID 

Colour Odour Texture Extensibility 

1 A Off-white No 
odour  

Moderate Moderate 

2 B Off-white No 
odour  

Smooth Moderate 

3 C Very Pale 
yellow 

Slightly 
Pungent 

Hard High 

4 D Translucen
t Off-white 

No 
odour  

Hard High 

5 E Off-white No 
odour  

Smooth Moderate 

6 F Very light 
beige 

No 
odour  

Very 
Smooth 

Less 

7 G Whitish-
yellow 

Slightly 
Pungent 

Very 
Smooth 

Poor 

 
Table No.9: Organoleptic Properties 
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Fig No. 6: Soil Burial Testing 

4. CONCLUSION 

Collected shrimp shells were treated according to 
standard protocols and chitosan was produced from 
treated shell waste. Aim behind this study was to 
synthesize eco-friendly bioplastic from waste animal 
resources. In the present work, we have formulated six 
bioplastic films using same chitosan powder, starch 
source, plasticizer and cross-linker. While, one bioplastic 
film was synthesized without chitosan. Each film was 
characterized and showed different properties with 
respect to thickness, strength, chemical resistance, 
degradation potential and appearance also. After 
comparing bioplastic made from chitosan with a bioplastic 
made without chitosan, it was observed that chitosan 
played a significant role in maintaining thickness, strength, 
water resistance and transparency levels. Additionally, 
degradation rate was found to be fast in formulated 
bioplastic films as compared to synthetic plastic. 
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