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ABSTRACT 

 

Accumulation of waste food materials, such as cassava and shrimp 

peels, continues to contribute to rise in greenhouse emissions. This 

study aims to produce a bioplastic film made from extracted cassava 

peel starch (CPS) and shrimp shell chitosan (SSCHT), plasticized with 

sorbitol (SOR) using a constrained D-optimal mixture design. Films 

were assessed in terms of tensile strength, elongation at break, contact 

angle, opacity, and functional groups. Significant models were gener-

ated in terms of tensile strength (p = 0.0148), contact angle (p = 

0.1049) and opacity (p = 0.6529). Cassava peel starch had a significant 

(p < 0.001) effect on tensile strength due to hydrogen bonding with chi-

tosan, whereas elongation at break was significantly (p = 0.0017) af-

fected by sorbitol due to its structural similarity to starch and larger 

molecular weight as compared to glycerol. Contact angle increased 

with the incorporation of shrimp shell chitosan (p = 0.4647) by mini-

mizing hydrophilic regions for external water molecule penetration. 

Opacity was significantly (p = 0.0013) reduced by the incorporation of 

cassava peel starch due to the refraction of swollen starch granules. 

Fourier-Transform Infrared Spectroscopy (FTIR) verified the interac-

tions in the CPS/SSCHT/SOR bioplastic film, while thermogravimetric 

analysis (TGA) provided insights on thermal stability of the bioplastic 

for industrial use. This study provides insight into the potential of food 

waste valorization using green extraction methods in producing envi-

ronmentally friendly bioplastics for hard packaging applications. 
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Introduction 
Background of the Study 

By 2050, global waste generation is ex-
pected to increase by 70% to 3.40 billion tons, 
which UNEP (2024) describes as the “worst 
scenario.”  The food waste crisis alone has led 
to approximately 931 million tons of food 
waste being produced every year, resulting in 
8-10% of global greenhouse gas emissions 
(United Nations Environment Programme, 
2021). Alongside food waste, annual plastic 
production has risen to 460 million tons a year, 
with about 350 million tons turning into plastic 
waste (Ritchie et al., 2023). As a result, plastic 
and food waste are two problems that go hand 
in hand, raising the need for innovative solu-
tions to waste management.  

Food waste valorization for bioplastic food 
packaging can serve to address both issues sim-
ultaneously. By treating food waste containing 
biopolymers, these materials hold the potential 
to be utilized for bioplastic production (Rama-
dhan & Handayani, 2020). Bioplastics devel-
oped from agri-food waste and byproducts 
could serve as a viable alternative to plastic 
packaging, due in part to its degradable or com-
postable nature and inexpensive materials 
(Jõgi & Bhat, 2020). Gerassimidou et al. (2022) 
conducted a study which assessed the potential 
of producing food loss and waste bioplastics 
that showcased the reality of its life cycle  

sustainability performance. The lack of evi-
dence suggesting bioplastics derived from food 
loss and waste (FLW) are a technically feasible, 
economically viable, and environmentally 
friendly alternative may have unintended im-
plications. This emphasizes the need for more 
research to make sure that FLW valorization 
for the production of bioplastics is a safe, sus-
tainable, and revolutionary endeavor that 
might alter the plastics economy and the food 
system without exacerbating the issue of plas-
tic pollution.   

Food waste can be generated from all 
stages of the food supply chain, but the ideal 
materials for bioplastic production are typi-
cally derived from food processing byproducts. 
Cassava (Manihot esculenta) peels hold poten-
tial as a food processing byproduct due to their 
availability and starch content (Abel et al., 
2021). According to the Department of Agricul-
ture (2021), 1.8 million tons of cassava roots 
are produced from 120,000 hectares of agricul-
tural land in the Philippines, whereas 18% of 
the plant itself is waste generated from pro-
cessing (Oghenejoboh et al., 2021). Starch ex-
traction from cassava peels resulted in strong 
intermolecular and intramolecular interactions 
(Fronza et al., 2022), and similar morphological 
properties and functional groups as that of 
commercial cassava starch (Thuppahige et al., 
2023).  
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Considering this, cassava peels can be utilized 
as a source of starch to reduce food processing 
waste and improve food security.    

Shrimp shells can also undergo food waste 
valorization. By treating shrimp shells through 
chemical deproteinization, demineralization, 
and decolorization, chitin can be extracted and 
converted to chitosan by deacetylation (Paki-
zeh et al., 2021). Shrimp waste comprises ap-
proximately 40-45% of the shrimp material 
weight (Wani et al., 2023), accounting for the 
millions of tons of waste generated by the 
shrimp processing industry every year (Nirmal 
et al., 2020). Whereas conventional methods 
for chitosan extraction from shrimp shells of-
ten utilize harsh chemicals that are environ-
mentally harmful and cost-inefficient (Mohan 
et al., 2022), new studies have emerged pro-
moting green and environmentally sustainable 
approaches to chitosan extraction (Gharbi et 
al., 2023).   

Utilizing these two natural polymers in the 
production of bioplastics could allow for better 
optimization of essential parameters. Tan et 
al.’s (2022) parametric analysis revealed that 
starch-chitosan bioplastic films had improved 
tensile strength and water resistance as com-
pared to pure-starch bioplastics. Mutmainna et 
al. (2019) corroborated the positive impact of 
chitosan on starch bioplastics, wherein me-
chanical strength increased as chitosan concen-
tration increased. While these studies utilized 
commercial materials, this study focuses on the 
characterization of bioplastic food packaging 
films made with materials derived from food 
waste. Although numerous studies have em-
phasized the potential of food waste valoriza-
tion for bioplastics (Li et al., 2022; Ramadhan & 
Handayani, 2020; Tsang et al., 2019), as well as 
the combination of cassava peel starch and chi-
tosan for bioplastics (Pujiono & Nurhayati, 
2020), there is little to no research on the food 
waste valorization of both cassava peel starch 
and shrimp shell chitosan and the impact of 
each material’s concentration on the properties 
of the produced films.   

 
Research Objectives 

The objective of this research was to pro-
duce a Cassava Peel Starch (CPS)/Shrimp Shell 
Chitosan (SSCHT)/Sorbitol (SOR) bioplastic 

film utilizing a constrained D-optimal mixture 
design and to assess the effect of component 
concentration on the mechanical, optical, and 
wettability of the developed films. The specific 
objectives are as follows:  
1. Extract and characterize starch from local 

cassava peels in terms of its functional 
groups and percent yield. 

2. Extract and characterize chitosan from lo-
cal shrimp shell waste in terms of its func-
tional groups, degree of deacetylation, and 
percent yield. 

3. Produce Cassava Peel Starch/Shrimp Shell 
Chitosan/Sorbitol (CPS/SSCHT/SOR) bio-
plastic films by means of a 10-point con-
strained D-optimal mixture design. 

4. Model the tensile strength, elongation at 
break, contact angle, and opacity of the 
CPS/SSCHT/SOR bioplastic films. 

5. Perform spectroscopic characterization of 
the CPS/SSCHT/SOR bioplastic films.  

 
Scope and Limitations  

The scope of this study was limited to the 
extraction and characterization of the cassava 
peel starch and shrimp shell chitosan, and the 
development and characterization of the  
produced CPS/SSCHT/SOR food packaging 
films. This study involved the comparison of 
valorized food waste materials to their  
commercial counterparts as a benchmark for 
the functional groups present. Considering the 
high cost and time required for chitosan  
extraction, the mixture design was constrained 
to account for a limited and minimal amount of 
chitosan. This is further explained in the  
methodology section of this study.   

The shrimp shells and cassava peels  
utilized in this study were sourced from local 
cassava vendors and the research proponents. 
Only the food waste was collected as materials, 
and the food products (shrimp meat, peeled 
cassava tubers) were managed by the sources 
or consumed to minimize waste and avoid com-
promising food security.   

JMP 18.1.1 was utilized as the primary soft-
ware tool for the data analysis and construction 
of the D-optimal constrained mixture design 
used in this study, whereas OriginPro and 
GraphPad Prism were utilized for the analysis 
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of Fourier transform infrared (FTIR) spectra 
graphs. 

 
Methods  
Experimental Phases  

Both quantitative and qualitative methods 
were utilized in the analysis of extracted mate-
rials and synthesized films. Quantitative  
methods include the determination of percent 
yield for both cassava peel starch and shrimp 
shell chitosan, degree of deacetylation for 
shrimp shell chitosan, and an analysis of vari-
ance (ANOVA) of the CPS/SSCHT/SOR films in 
terms of tensile strength, elongation at break, 
contact angle, and opacity, and the impact of 
each component on the film’s responses. The 
experimental phases of the study were summa-
rized in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Production and Analysis of 

CPS/SSCHT/SOR Bioplastics Films 

Materials 
The raw materials utilized in this study 

were cassava peels collected from a local  
vendor in Sta. Rosa, Laguna, and shrimp shells 
were collected from the research proponents. 
To minimize sustainability concerns, only food 
processing byproducts were collected for the 
study. Food sources, namely the meat of the 
shrimp and the tuber of the cassava, are either 
handled by the source or consumed. The  
reagents used for this study include sorbitol 
(Fw Spavenue Inc., Makati City, Philippines), 
pure glycerine (PHILUSA Corporation, Pasig 
City, Philippines), anhydrous citric acid 
(Kemrad Incorporated, Quezon City,  
Philippines), glacial acetic acid (RCI Labscan 
Limited, Bangkok, Thailand), sodium chloride 
(RCI Labscan Limited, Bangkok, Thailand),  
sodium hydroxide pellets (Chem-Lab, 
Zedelgem, Belgium), copper(II) sulfate  
pentahydrate (Loba Chemie Pvt. Ltd., Mumbai, 
India), and potassium sodium tartrate  
tetrahydrate (Loba Chemie Pvt. Ltd., Mumbai, 
India).  

 
Data Collection Instruments and Equipment   

The equipment used for the extraction of 
cassava peel starch and shrimp shell chitosan 
were Panasonic MX-AC210S mixer grinder 
(Panasonic Corporation, Osaka, Japan), Scientz 
18-N Freeze Dryer (Ningbo Scientz Biotechnol-
ogy Co., Ltd., Zhejiang, China), and hot plate 
with magnetic stirrer (Torrey Pines Scientific 
Inc., California, United States). Determination 
of tensile strength and elongation at break was 
done using Zwick Roell Z0.5 Universal Testing 
Machine (Zwick Roell Group, Ulm, Germany). 
Scanning electron microscopy (SEM) analysis 
was performed using JEOL JSM 5310 Scanning 
Electron Microscope (JEOL Ltd., Tokyo, Japan). 
Opacity was determined using the Shimadzu 
UV-1700 Spectrophotometer (Shimadzu Cor-
poration, Kyoto, Japan). Thermogravimetric 
analysis (TGA) was carried out with a TA In-
struments Discovery TGA55 (TA Instruments, 
New Castle, DE, USA).  

 
Experimental Design  

A 10-run constrained D-optimal mixture 
design was applied with upper and lower 
bounds as a means to analyze the effects of each 
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component while limiting their proportions in 
order to maximize efficiency while minimizing 
redundancy. For instance, shrimp shell chi-
tosan could not be utilized in large amounts 
due to the length and costs of the extraction 
process, or how the utilization of a plasticizer 
solely would not result in film formation. As 
such, cassava peel starch (70-82%), shrimp 
shell chitosan (0-5%), and sorbitol (18-25%) 
were limited to the given ranges based on Pe-
lissari et al.’s (2012) design, with sorbitol in 
place of glycerol. Sorbitol was utilized instead 
of glycerol due to its lower moisture content re-
tention (Shafqat et al., 2021) and greater  
mechanical strength (González-Torres et al., 
2021). In order to effectively analyze the effect 
of each component within the experimental 
space, pseudo-components were computed 
based on Equation 1 to simplify model fitting of 
the constrained mixture design (National Insti-
tute of Science and Technology, 2022). 

𝑥𝑖
∗ =

𝑥𝑖 − 𝐿𝑖

1 − 𝐿
; 𝐿 = ∑ 𝐿𝑖

𝑛

𝑖

< 1 (Eq. 1) 

Wherein:  
𝑥𝑖

∗ is the Component pseudo-concentration  
𝑥𝑖 is the Component real concentration  
𝐿𝑖 is the Lower bound of component  
𝐿 is the Sum of all components’ lower bound  
 

A 10-run constrained D-optimal mixture 
design was generated using JMP 18.1.1 soft-
ware, with the real concentrations generated 
and their corresponding pseudo-components 
summarized in Table 1. The films were tested 
in terms of tensile strength, elongation at 
break, contact angle, and opacity. A fit model 
was generated for each response by Scheffe’s 
Cubic model and interpreted in terms of analy-
sis of variance, coefficient of determination, 
and regression coefficient parameter estimate 
to evaluate the reliability of the predictive 
model and the significance of each component.

 
Table 1. Ten-point constrained D-optimal mixture design in real concentrations and pseudo-compo-

nents of CPS/SSCHT/SOR 

Run In real concentrations    In pseudo-components   

Starch (𝒙𝟏) Chitosan (𝒙𝟐)  Sorbitol (𝒙𝟐)    Starch (𝒙𝟏∗) Chitosan (𝒙𝟐∗)    Sorbitol(𝒙𝟑∗) 
BP-1 0.77 0.05 0.18 

 
0.58 0.42 0.00 

BP-2 0.70 0.05 0.25 
 

0.00 0.42 0.58 
BP-3 0.75 0 0.25 

 
0.42 0.00 0.58 

BP-4 0.82 0 0.18 
 

1.00 0.00 0.00 
BP-5 0.77 0.05 0.18 

 
0.58 0.42 0.00 

BP-6 0.76 0.025 0.215 
 

0.50 0.21 0.29 
BP-7 0.76 0.025 0.215 

 
0.50 0.21 0.29 

BP-8 0.70 0.05 0.25 
 

0.00 0.42 0.58 
BP-9 0.82 0 0.18 

 
1.00 0.00 0.00 

BP-10 0.75 0 0.25 
 

0.42 0.00 0.58 

Extraction of Cassava Peel Starch 
Cassava peel starch was extracted based on 

Fronza et al.’s (2022) research design, wherein 
the cassava peel starch extraction process 
across its four primary stages, which consists 
of, washing of cassava peels, isolation of cas-
sava peel cortex, extraction and centrifugation 
of the cassava peel starch extract, and lastly, 
drying and weighing of cassava peel starch ex-
tract. Cassava peels were processed by first iso-
lating the cortex from the periderm. The  

isolated peels were then blended with distilled 
water in a 1:1 ratio using a Hurom H200 fruit 
juicer (HUROM Co., Philippines) which sepa-
rated the solid pulpy residue from the liquid ex-
tract. The extract was then filtered through a 
cheesecloth. Peel residue undergoes repeated 
blending and filtration for a total of three runs. 
Accumulated filtrate was separated by means 
of centrifugation using a VS-4000i centrifuge 
(Vision Scientific Co., Korea) at 4,000 rpm for 
five min for two repetitions. The cassava peel 
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starch sediment was collected and freeze-dried 
using Scientz 18-N Freeze Dryer (Ningbo Sci-
entz Biotechnology Co., Ltd., Zhejiang, China). 
Cassava peel starch  was characterized in terms 
of its functional groups by FTIR analysis and 
dry basis percent yield.   

 
Characterization of Cassava Peel Starch  

The functional groups were determined 
based on Thuppahige et al.’s (2023) design 
through the use of an FTIR spectrometer posi-
tioned on the cassava peel starch sample’s sur-
face and scanned at a frequency range of 4000-
450 cm⁻¹. The FTIR spectra was recorded and 
presented in a line graph, and compared to the 
spectra of commercial cassava starch (CCS) and 
cassava starch extract (CSE). Percent yield was 
determined based on Thuppahige et al.’s 
(2023) research design. The cassava peels 
were first weighed before extraction, then the 
finalized cassava peel starch post-extraction 
was weighed in comparison. The starch yield 
on a dry basis will be calculated with Equation 
2.  

 

𝑌𝐶𝑃𝑆(%)  =  
𝑚𝐶𝑃𝑆

𝑚𝐶𝑃
  ×  100 (Eq. 2)  

 
Wherein: 
𝑌𝐶𝑃𝑆 is the Starch yield 
𝑚𝐶𝑃𝑆 is the Dry weight of extracted starch 
𝑚𝐶𝑃 is the Dry weight of cassava peel 
 
Extraction of Shrimp Shell Chitosan 

Shrimp shell chitosan was extracted based 
on Gharbi et al.’s (2023) research design. Or-
gans and meat were removed from the shells 
before boiling in 100 mL distilled water for 30 
min using a hot plate (Torrey Pines Scientific, 
USA). Boiled shells were then dried, ground, 
and passed through a 60-mesh sieve. Shrimp 
shell powder was deproteinized and decalci-
fied by means of a Gly/5%CA green solvent. 
The solution was prepared by combining 
100mL 5% citric acid with 50g of glycerol, 
stirred, and heated to 80°C until it formed a sin-
gle phase. The ground shrimp shell was treated 
with the Gly/5%CA solvent at 120°C for two hr, 
after which the solution was cooled and fil-
tered. The resulting chitin was bleached with 
3% H₂O₂ at 80°C for 90 min, then deacetylated 

with 60% NaOH at 100°C for four hours. After-
ward, shrimp shell chitosan precipitate was fil-
tered and neutralized in a vacuum filter and ly-
ophilized. Shrimp shell chitosan was character-
ized in terms of its functional groups by FTIR 
analysis, degree of deacetylation, and dry basis 
percent yield.  
 
Characterization of Shrimp Shell Chitosan  

Determination of degree of deacetylation 
was modeled after William and Wid’s (2019) 
research design. A FTIR spectrometer was uti-
lized to scan the chitosan samples at a fre-
quency range of 4000-450 cm⁻¹. The degree of 
deacetylation (DD) was calculated for at the ra-
tio A₁₃₂₀/A₁₄₂₀ with Equations 3 and 4. The de-
termination of extraction yield was modeled  
after William and Wid’s (2019) research de-
sign. The wet weight of the shrimp shell waste 
and the extracted chitosan were weighed and 
calculated with Equation 5. 

𝐷𝐴(%)  =  

𝐴1320
𝐴1420

− 0.3822

0.03133
 

(Eq. 3) 

 𝐷𝐷(%) =  100 − 𝐷𝐴(%) (Eq. 4)  

𝑌𝑆𝑆𝐶𝐻𝑇 (%) =  
𝑚𝑆𝑆𝐶𝐻𝑇  (𝑔)

𝑚𝑆𝑆 (𝑔)
 ×  100% (Eq. 5)  

 
Wherein:  
DD is the Degree of deacetylation (%)  
DA is the Degree of acetylation (%)  
A1320 is the Peak area for band 1320 cm⁻¹  
A1420 is the Peak area for band 1420 cm⁻¹  
𝑌𝑆𝑆𝐶𝐻𝑇 is the Chitosan yield 
𝑚SSCHT is the Weight of extracted shrimp shell 
chitosan 
𝑚𝑆𝑆 is the Weight of the shrimp shell  
 
Preparation of CPS/SSCHT/SOR Bioplastic 
Film 

The bioplastic films were produced accord-
ing to Tan et al.’s (2022) research design with 
slight modifications. The mass percent of each 
component was scaled to a total of 1.5 grams 
for each run. Distilled water amounting to 12.5 
mL and 5 mL of 1% v/v acetic acid were added 
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to each sample, then heated in a double-boiler 
set up and mixed until gelatinized. The sample 
was poured into a 90 mm petri dish mold and 
dried in a furnace at 30 °C for 12 hours. The 
CPS/SSCHT/SOR bioplastic films were then 
characterized by tensile strength, elongation at 
break, contact angle, and opacity.  

 
Determination of Tensile Strength and Elon-
gation at Break  

Mechanical properties of tensile strength 
and elongation at break were tested based on 
Flores et al.’s (2024) research design. The films 
were cut following ASTM D638 protocol before 
being assessed according to ASTM D882 proto-
cols with a Zwick Roell Z0.5 Universal Testing 
Machine (Zwick Roell Group, Ulm, Germany) at 
a load cell of 500 N at room temperature at a 
500 mm/min crosshead speed and from the in-
itial 50 mm separation. Each film was tested in 
triplicates, and the tensile strength and elonga-
tion at break for each run were recorded.   

 
Determination of Contact Angle  

The contact angle utilizing ASTM D5946 
protocols with modifications as per Guzman-
Puyol et al.’s (2022) sessile drop method. A 
puncher was used to obtain small, circular films 
for testing to ensure a uniform sample size. The 
contact angle of CPS/SSCHT/SOR bioplastic 
films was measured by placing the film on a 
small Petri dish within a lightbox to enhance 
visual clarity. A syringe was used to deposit a 
drop of water onto the surface of each film, and 
the droplets were then photographed. A digital 
protractor was used to measure the angle of the 
droplet against the bioplastic surface.  

 
Determination of Opacity  

The opacity of the films were determined 
according to Nigam et al.’s (2021) design. The 
films were cut to 4 cm. x 1 cm., then tested in 
triplicates with a UV-VIS Spectrophotometer at 
600 nm with a blank cell serving as the refer-
ence opacity. Opacity was then calculated using 
Equation 6. 

 𝑂𝑝𝑎𝑐𝑖𝑡𝑦 (%) =  
𝐴600𝑛𝑚

𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠
× 100  

(6)  

Wherein:  
A600 nm is the Absorbance at 600 nm  
Thickness is the Thickness of film (mm)  
 
Characterization of CPS/SSCHT/SOR Bio-
plastic Film  

This method was modeled after Tan et al.’s 
(2022) design. An FTIR spectrometer was uti-
lized in attenuated total reflectance (ATR) 
mode and positioned on the film’s surface to 
record the FTIR spectra of the optimized film 
and determine its chemical bonds and func-
tional groups. The sample was scanned at a fre-
quency range of 4000-450 cm⁻¹. The FTIR spec-
tra was recorded and presented in a line graph, 
and compared to the spectra of shrimp shell 
chitosan and cassava peel starch.  Thermograv-
imetric analysis (TGA) was adapted from the 
study of Mofokeng et al. (2011) with slight 
modifications. Film weighing 5.086 mg was 
subjected to the TGA55 thermogravimetric an-
alyzer (TA Instruments, New Castle, DE, USA). 
Nitrogen was utilized at a sample purge flow 
rate of 25.01 mL/min and a balance purge flow 
rate of 40.01 mL/min. The film was equili-
brated to 30 °C then heated at a ramp value of 
10 °C/min until 600 °C.  
 
Statistical Analysis  

JMP 18.1.1. software was utilized for the 
generation of the 10-point D-Optimal con-
strained mixture design, analysis of variance 
(ANOVA), fit modeling, and the generation of 
response ternary plots based on the calculated 
prediction formulas. Responses were modeled 
by Scheffe’s Cubic models with Equation 7, 
wherein y represents the dependent variable, 𝛽 
represents the coefficient of the model, and 
subscripts 1, 2, and 3 represent shrimp shell 
chitosan, cassava peel starch, and sorbitol, re-
spectively. The responses were modeled with a 
significance level of 5% (p  ≤ 0.05). 

 
𝑦 =  𝛽1𝑥1 + 𝛽2𝑥2 + 𝛽3𝑥3 + 𝛽12𝑥1𝑥2 + 𝛽13𝑥1𝑥3 + 𝛽23𝑥2𝑥3 + 𝛽123𝑥1𝑥2𝑥3  

 
(7) 
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The assumptions for ANOVA were tested 
using Shapiro-Wilk and Anderson-Darling tests 
for normality, Levene's test for homogeneity of 
variance, and independence between the varia-
bles. Assumptions for regression analysis were 
verified using an actual by predicted plot gen-
erated by the Scheffé cubic model. 
 
Ethics Statement  

The research methods have been designed 
to address the given research questions. All 
methods have been reviewed and referenced 
from relevant studies to ensure the validity, 
feasibility, and accuracy of the results obtained. 
All data was diligently recorded and reported 
with transparency. No data was fabricated, fal-
sified, or plagiarized.   

Considering the emphasis on sustainability 
and food security in this study, only food waste 
materials were utilized. No edible food materi-
als, namely shrimp meat and cassava flesh, 
were used or wasted in the experiment. Food 
materials were either managed by the provider 
or consumed. Any materials from the experi-
mental methods involved in the research de-
sign were discarded accordingly and appropri-
ately.  
 

Result and Discussion  
Cassava Peel Starch Extraction and Charac-
terization  

The cassava peels collected for starch ex-
traction were initially covered in dirt and other 
ecological residues due to their contact with 
soil (see Figure 2a). Proper washing and isola-
tion of the cassava peel cortex were essential to 
prevent contamination, as insufficient cleaning 
would result in a grainy brown starch extract. 
To improve purity, the peels were separated 
from the dark brown lignified portion, as its 
presence could introduce impurities and affect 
the final starch quality (see Figure 2b). Follow-
ing the blending of these peels, each time the 
extract was filtered through the cheesecloth, it 
was noticeably whiter with each filtration com-
pared to its initial beige state. After extraction, 
the cassava peel starch extract underwent cen-
trifugation to eliminate the remaining residues. 
After each cycle, the dark sediment that settled 
on top of the white starch was carefully re-
moved (see Figure 2c). This process was re-
peated until no visible impurities remained, 
and the resulting extract was then lyophilized 
(see Figure 2d), resulting in a cleaner and more 
refined starch comparable to those that are 
commercially available

 

 

 

 

 

Figure 2. Extraction process of cassava peels 

The cassava peel starch extraction process 
resulted in a 7.90% ± 1.91% dry basis yield, 
which was approximately 20% greater than the 
reported yield (6.5%) from the results ob-
tained by Fronza et al. (2022). Cassava peel 
starch was compared with commercial cassava 
starch (CCS) as a benchmark in terms of FTIR 
spectroscopy, as seen in Figure 3. 

Identified functional groups and their as-
signed wavenumbers were collated and sum-
marized in Table 2 for cassava peel starch. The 
peaks at 1015 cm⁻¹ and 1190cm⁻¹ for cassava 
peel starch represent the C─O─H bend and the 
C─O and C─C stretches of the glucopyranose 

rings, as corroborated by Thuppahige et al. 
(2023). These values are similarly matched 
with CCS at 1012cm⁻¹ and 1190cm⁻¹, respec-
tively. The O─H stretch at 3318cm⁻¹ represents 
the intermolecular hydrogen bonding within 
OH groups (Garces et al., 2021) and glucopyra-
nose rings (Thuppahige et al., 2023). The C─H 
bond at 2927cm⁻¹ is attributed to CH₂ asym-
metric aliphatic groups, whereas the presence 
of water molecules was denoted by the defor-
mation of the O─H bond at 1645cm⁻¹ (Thuppa-
hige et al., 2023).  The peak at 1502cm⁻¹ is as-
sociated with the C=C stretching of the aro-
matic ring of lignin (Widiarto et al., 2017).
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Figure 3. FTIR spectra of (a) cassava peel starch (CPS) and (b) commercial cassava starch (CCS) 

 
Table 2. Wavenumbers and associated functional groups of FTIR spectra of cassava peel starch 

Wavenumber (cm⁻¹)  Functional group 

2926-2927  C─H bond (Abdullah et al., 2018; Fronza et al., 2022; Thuppahige et al., 2023)    
1645  O─H bond deformation (Fronza et al., 2022; Thuppahige et al., 2023)   

1012-1015  C─O─H bend (Lomelí-Ramírez et al., 2014; Thuppahige et al., 2023)  
1190  C─O stretch (Abdullah et al., 2018; Thuppahige et al., 2023)  
1190  C─C stretch (Thuppahige et al., 2023)  

1502  C=C stretch (Widiarto et al., 2017)  
3310-3318  O─H stretch (Lomelí-Ramírez et al., 2014; Thuppahige et al., 2023)  

 
Extraction and Characterization of Shrimp 
Shell Chitosan 

The stages of chitosan extraction from 
shrimp shells are shown in Figure 4. Shrimp 
shells were manually washed and cleaned of 
residues then dried (see Figure 4a). The result-
ing chitin post-deproteinization and  
decalcification as seen in Figure 4b exhibited a 
tan to brown color. This was improved upon 
and lightened by means of bleaching, with the 
result as shown in Figure 4c. The shrimp shell 
chitosan product (see Figure 4d) exhibited a 
fine powdery texture with a slightly tan color. 
The shrimp shell chitosan extraction process 
resulted in a 6.09% ± 0.61% dry basis yield, 

around 100% lower than the results obtained 
by Aberoumand and Chabavi (2024) (14.72% ± 
0.57% & 12.03% ± 0.46%) and Varun et al. 
(2017) (13.96%). This reduced yield could be 
due to the utilization of green Gly/5%CA sol-
vent in deproteinization and decalcification for 
chitin as opposed to strong chemicals such as 
3M HCl (Aberoumand & Chabavi, 2024) and 2N 
HCl acid (Varun et al., 2017). Extracted shrimp 
shell chitosan had an 80.22% degree of 
deacetylation, resulting in a medium deacetyla-
tion degree standard classification, and can 
thereby be used for industrial products (Li et al. 
2020).
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Figure 4. Extraction stages of shrimp shells 

 
FTIR spectrographs were generated for 

shrimp shell chitosan, shrimp shell chitin, and 
shrimp shells, as shown in Figure 5. The as-
signed wave bands for shrimp shell chitosan 
are summarized in Table 3. The first distinct 
peak was found at 3336 cm⁻¹, which is associ-
ated with O-H & N-H stretching, and at 2886 
cm-1, which indicates C-H stretching typical of 
polysaccharide spectra. Moreover, weak amide 
peaks were found at 1622 cm⁻¹ (Amide I) and 
1521 cm⁻¹ (Amide II). The diminished intensity 
of these amide bands, compared to the graph of 
chitin and shrimp shell, supports the high 

deacetylation degree, reflecting reduced acetyl 
group retention in the extracted chitosan. 
These peaks were consistent with those found 
and discussed by Elhaes et al. (2024). The ab-
sence of a peak at 1540 cm⁻¹, where the Amide 
II band typically appears in chitosan samples, 
suggest successful deproteinization. However, 
the presence of a weak peak at 1521 cm⁻¹, an 
amide group-associated region, indicates that 
while most proteins were removed, minor re-
sidual protein content may still be present (Val-
lejo-Dominguez et al., 2021).

 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
Figure 5. FTIR spectra of (a) shrimp shell chitosan (SSCHT), (b) shrimp shell chitin (SSCTN), and (c) 

shrimp shell (SS) 
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Table 3. Wavenumbers and associated functional groups of FTIR spectra of shrimp shell chitosan. 

Wavenumber (cm⁻¹)  Functional group  

3336  OH and NH stretching (Elhaes et al., 2024)  
2886  CH stretching (Elhaes et al., 2024)  

1622  C–N–H, amide I (Elhaes et al., 2024)  
1521  O=C–NH₂, amide II (Elhaes et al., 2024)  

1378  CH₃ bending (Elhaes et al., 2024)  

Preparation of CPS/SSCHT/SOR Bioplastic 
Films 

An overview of prepared bioplastics was 
collated and presented in Figure 6, with each 
number corresponding to their respective run. 
The produced films presented a glossy finish 
with BP-2, BP-5, and BP-9 exhibiting minimal 
air bubbles. All three films had varying concen-
trations of each component, implying that com-
ponent concentration may not have been a  

major reason for the difference in film con-
sistency. Rather, this difference could be at-
tributed to the casting method, raising the need 
for adjustment to address the presence of bub-
bles, such as the utilization of ultrasonication. 
The real concentrations of each run and their 
responses in terms of tensile strength, elonga-
tion at break, contact angle, and opacity are 
summarized in Table 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Produced CPS/SSCHT/SOR films classified by run number 
 

Table 4. Responses of dependent variables tensile strength, elongation at break, contact angle, and 
opacity for films of varying cassava peel starch (CPS), shrimp shell chitosan (SSCHT), and 
sorbitol (SOR) composition 

Run 
number 

Real concentrations   Responses 

CPS 
(%) 

SSCHT 
(%) 

SOR 
(%) 

  Tensile 
Strength (MPa) 

Elongation at 
Break (%) 

Contact Angle 
(°) 

Opacity 
(%) 

BP-1  77 5 18 
 

44.8 ± 11.2 1.696 ± 0.27 55.33 ± 4.16 2.05 ± 0.19 

BP-2  70 5 25 
 

30.4 ± 7.10 1.754 ± 0.18 71.67 ± 9.07 2.94 ± 0.25 

BP-3  75 0 25 
 

32.5 ± 1.55 1.871 ± 0.10 65.00 ± 10.44 2.76 ± 0.40 

BP-4  82 0 18 
 

37.1 ± 10.7 1.696 ± 0.27 39.33 ± 3.21 2.06 ± 0.35 

BP-5   77 5 18 
 

45.6 ± 7.04 1.930 ± 0.18 66.67 ± 2.89 2.95 ± 0.25 

BP-6   76 2.5 21.5 
 

35.3 ± 3.90 1.813 ± 0.20 52.67 ± 11.37 2.52 ± 0.14 

BP-7   76 2.5 21.5 
 

32.0 ± 2.24 1.988 ± 0.56 62.00 ± 1.73 2.42 ± 0.10 
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Run 
number 

Real concentrations   Responses 

CPS 
(%) 

SSCHT 
(%) 

SOR 
(%) 

  Tensile 
Strength (MPa) 

Elongation at 
Break (%) 

Contact Angle 
(°) 

Opacity 
(%) 

BP-8  70 5 25 
 

22.1 ±  2.66 2.398 ± 0.54 87.00 ± 2.65 2.72 ± 0.36 

BP-9  82 0 18 
 

32.8 ±  3.38 1.930 ± 0.18 39.67 ± 4.73 2.28 ± 0.05 

BP-10  75 0 25 
 

31.5 ±  3.64 1.871 ± 0.27 36.67 ± 3.06 1.60 ± 0.12 

Effect of Mixture Composition on Tensile 
Strength 

The histogram shows a bell-shaped curve, 
and the points of the quantile (Q-Q) plot fall ap-
proximately on the straight line as shown in 
Figure 7. Additionally, the Shapiro-Wilk test 
also revealed a non-significant p-value (p = 
0.3292) along with the Anderson-Darling test 
(p = 0.2008). This entails a normal distribution 

for tensile strength against the composition of 
the CPS/SSCHT/SOR film.  Levene’s test con-
firmed homogeneity of variances, revealing a p-
value greater than significance level (p = 
1.0000). The run chart generated in JMP 
showed no evident patterns or trends over 
time, supporting the assumption of independ-
ence.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Graph of histogram and quantile plot of tensile strength 

 
 

(a) (b) 

Figure 8. Plot of (a) ternary diagram showing the predicted tensile strength based on mixture com-
position and (b) actual tensile strength against predicted tensile strength
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The tensile strength prediction model gen-
erated was significant (p = 0.0148), which con-
firms that the regression is meaningful, with R² 
= 0.88 as seen in Figure 8b. The high R² is at-
tributed to the combined effects of all three 
components. Additionally, the actual by pre-
dicted plot as seen in Figure 8b shows that the 
plots are scattered with no discernible pattern 
around the 45-degree line, which entails the 
components, and the tensile strength results 
are non-linear, meaning the result of the tensile 
strength varies with the values of the compo-
nents. Moreover, both cassava peel starch (p = 
0.0001) and sorbitol (p = 0.0008) had a signifi-
cant effect on tensile strength as seen in Table 
5, which could be attributed to the linear chains 
formed in starch amylose (Domene-López et 
al., 2019), and the bonding of hydroxyl groups 

(Fatima et al., 2024), whereas sorbitol’s re-
duced yet positive impact could be due to its 
nature as a plasticizer, disrupting chains and 
improving flexibility to withstand stress, but 
may interfere with the film’s structural integ-
rity (Domene-López et al., 2019). However, of 
the three components, shrimp shell chitosan 
concentration had the largest magnitude de-
spite being insignificant (p = 0.0877). Runs 
with increased concentrations of cassava peel 
starch and shrimp shell chitosan resulted in the 
highest tensile strength, as observed in films 
BP-1 and BP-5 in Table 4. This increase could 
be attributed to –OH groups exposed due to the 
gelatinization of starch in bioplastic double-
boiler mixing undergoing hydrogen bonding 
with –NH₂ groups in chitosan (Pelissari et al., 
2012).

 

Table 5. Regression coefficients and parameter estimates of tensile strength in terms of shrimp shell 
chitosan, cassava peel starch, and sorbitol 

Parameters  𝛽1  𝛽2  𝛽3   𝛽12   𝛽13   𝛽23  𝛽123  

Parameter Estimates  71.85  34.95  29.86  -21.54  -87.22  -  -  

p-value  0.0877  <0.0001  0.0008  0.7194  0.2030  -  -  

Pelissari et al. (2012) utilized a similar con-
strained mixture design but with glycerol in 
place of sorbitol and extrusion instead of cast-
ing, obtaining a range of 0.99 MPa ± 0.05 MPa 
to 2.71 MPa ± 0.25 MPa compared to the results 
achieved in this study. Although Pelissari et al. 
(2012) stated that the reduced tensile strength 
was due to a lesser concentration of chitosan, 
Shen et al. (2010) utilized a similar concentra-
tion of chitosan to rice starch yet achieved a 
greater tensile strength. Whereas Pelissari et 

al. (2012) utilized extrusion processes, Shen et 
al. (2010) formed films by means of casting, 
which may have contributed to the difference 
in tensile strength. Yan et al. (2012) conducted 
a study on the effects of extrusion on starch-
based films and found that treated films re-
sulted in poorer tensile strength due to the high 
temperature and strong shear treatment of the 
process. Thus, the film formation process, 
namely between casting and extrusion, is a fac-
tor to consider for tensile strength.

 
Table 6. ANOVA of tensile strength 

Source  DF  Sum of squares  Mean of squares  F ratio  Prob > F  
Model  4  379.37  94.83  9.49  0.0148*  
Error  5  49.95  9.99  -  -  

U. Total  9  429.32  -  -  -  

 
Effect of Mixture Composition on Elongation 
at Break 

The histogram shows a central peak but 
also unevenness among the distribution, in-
creasing the likelihood of minor deviations 
from complete normality. Despite this, the 

points of the quantile (Q-Q) plot fall  
approximately on the straight line as shown in 
Figure 9. Additionally, the Shapiro-Wilk test 
also revealed a significant p-value (p = 0.0241) 
along with the Anderson-Darling test (p = 
0.0472). This entails that the data deviates 
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from normality for elongation at break against 
the composition of the CPS/SSCHT/SOR film. 
The Levene’s test confirmed homogeneity of 
variances revealing a p-value greater than sig-

nificance level (p = 1.0000). The run chart gen-
erated in JMP showed no evident patterns or 
trends over time, supporting the assumption of 
independence.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Graph of histogram and quantile plot for elongation of break 
 

Maximum elongation at break was 
achieved at 2.398% ± 0.54% in BP-8 with max-
imum sorbitol and minimum cassava peel 
starch, the same film that exhibited the poorest 
tensile strength. Minimum elongation at break 
was achieved at 22.1 MPa ± 2.66 MPa in BP-1 
and BP-4. The overall low elongation at break 
response suggests that the synthesized 
CPS/SSCHT/SOR films were very inelastic and 
unfit for plastic applications similar to cling 
wrap. Tensile strength and elongation at break 
must be discussed hand in hand, as their indi-
vidual responses are often connected and  

inversely proportional. Tan et al. (2022) tested 
films with constant starch concentrations but 
varying glycerol loading, which found that in-
creasing glycerol concentration resulted in 
greater elongation at break but reduced tensile 
strength due to the weakening of the polymer 
matrix while allowing glycerol molecules to 
disrupt amylose-amylopectin chains. This phe-
nomenon is similarly observed in BP-1 and BP-
8 from Table 4, which exhibited high tensile 
strength but poor elongation at break and vice 
versa, respectively.

 
 
 
 
 
 
 
 
 
 
 

 
 

 

(a) (b) 

Figure 10. Plot of (a) ternary diagram showing the predicted elongation at break based on mixture 
composition and (b) actual elongation at break against predicted elongation at break 
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The elongation at break response ternary 
plot as shown in Figure 10a. revealed that max-
imum elongation at break was achieved with 
reduced shrimp shell chitosan, moderate sorbi-
tol, and minimal cassava peel starch. Further-
more, the vertical contours illustrate the  
influence of cassava peel starch concentration 
on elongation at break, wherein increasing cas-
sava peel starch led to a reduced response. The 
contours in Figure 10a were darker in regions 
that were lighter in Figure 9a., further high-
lighting the negatively linear relationship be-
tween tensile strength and elongation at break.   

The elongation at break model had a high 
variability (p = 0.7877), yielding an R² value of 
0.25 as seen in Figure 10b. This indicates that 
the elongation at break response cannot be 
consistently predicted based on component 
composition. However, despite the overall p-
value being insignificant, the parameter esti-
mates of cassava peel starch (p = 0.0001) and 
sorbitol (p = 0.0017) were both significant  

factors to the elongation at break response, as 
seen in Table 7. This could indicate that alt-
hough the response prediction was unreliable, 
certain components’ concentration could still 
hold implications with regard to its impact on 
elongation at break. The results suggest that 
both cassava peel starch and sorbitol lead to a 
reduced elongation at break. The intermolecu-
lar bonds found within starch allow for greater 
rigidity (Wang et al., 2018). Although this rigid-
ity could be addressed by the incorporation of 
a plasticizer like sorbitol, its large molecular 
weight (182.17 g/mol) and, thereby, molecular 
mobility increase in the starch matrix (Za-
hiruddin et al., 2019) and structural similarity 
with starch glucose units allows for more inter-
actions (Abdollahi Moghaddam et al., 2023). 
Sorbitol’s 6-carbon chain and multiple hy-
droxyl groups allowed for greater hydrogen 
bonding with starch, which may have further 
contributed to the films’ inelastic nature.

 
Table 7. Regression coefficients and parameter estimates of elongation at break in terms of shrimp 

shell chitosan, cassava peel starch, and sorbitol 

Parameters  𝛽1  𝛽2  𝛽3   𝛽12   𝛽13   𝛽23  𝛽123  

Parameter Estimates  1.72  1.81  1.91  0.17  1.01  -  -  
p-value  0.5269  0.0001  0.0017  0.9702  0.8295  -  -  

Sorbitol’s impact on the elongation at break 
dependent variable of the film is highlighted 
when contrasted with glycerol. Due to its 
smaller molecular weight (92.09 g/mol) and 3-
carbon chain with fewer hydroxyl groups (Ler-
bret et al., 2009), glycerol is able to incorporate 
into polymer chains more effectively, promot-
ing flexibility (Ballesteros-Mártinez et al., 

2020). As such, the utilization of sorbitol leads 
to greater tensile strength but reduced elonga-
tion at break, whereas glycerol produces 
greater elasticity but weaker films, as sup-
ported by the observations of Abdollahi 
Moghaddam et al. (2023), Ooi et al. (2012), and 
Zahiruddin et al. (2019). 

 
Table 8. Regression coefficients and parameter estimates of elongation at break in terms of shrimp 

shell chitosan, cassava peel starch, and sorbitol 

Parameters  𝛽1  𝛽2  𝛽3   𝛽12   𝛽13   𝛽23  𝛽123  

Parameter Estimates  1.72  1.81  1.91  0.17  1.01  -  -  
p-value  0.5269  0.0001  0.0017  0.9702  0.8295  -  -  

Sorbitol’s impact on the elongation at break 
dependent variable of the film is highlighted 
when contrasted with glycerol. Due to its 
smaller molecular weight (92.09 g/mol) and 3-
carbon chain with fewer hydroxyl groups  

(Lerbret et al., 2009), glycerol is able to incor-
porate into polymer chains more effectively, 
promoting flexibility (Ballesteros-Mártinez et 
al., 2020). As such, the utilization of sorbitol 
leads to greater tensile strength but reduced 



Picar et al., 2025 / Valorization of Cassava Peel and Shrimp Shell Waste for Bioplastic Film Development 

 

 
IJMABER  3033 Volume 6 | Number 6 | June | 2025 

 

elongation at break, whereas glycerol produces 
greater elasticity but weaker films, as sup-
ported by the observations of Abdollahi 

Moghaddam et al. (2023), Ooi et al. (2012), and 
Zahiruddin et al. (2019).

 
Table 8. ANOVA of elongation at break 

Source  DF  Sum of squares  Mean of squares  F ratio  Prob > F  
Model  4  0.093  0.023  0.42  0.7877  

Error  5  0.27  0.055  -  -  
U. Total  9  0.37  -  -  -  

Effect of Mixture Composition on Contact An-
gle 

The histogram shows a central peak but 
also unevenness among the distribution in-
creasing the likelihood of minor deviations 
from complete normality. Despite this, the 
points of the quantile (Q-Q) plot fall approxi-
mately on the straight line as shown in Figure 
11. Additionally, the Shapiro-Wilk test also re-
vealed a non-significant p-value (p = 0.6301) 

along with the Anderson-Darling test (p = 
0.6888). This entails a normal distribution for 
contact angle against the composition of the 
CPS/SSCHT/SOR film. The Levene’s test con-
firmed homogeneity of variances revealing a p-
value greater than significance level (p = 
1.0000). The run chart generated in JMP 
showed no evident patterns or trends over 
time, supporting the assumption of independ-
ence.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Graph of (a) histogram and (b) quantile plot of contact angle

Maximum contact angle was achieved at 
87.00° ± 2.65° in BP-8 with maximum sorbitol, 
maximum shrimp shell chitosan, and minimum 
cassava peel starch, the same film that exhib-
ited the highest elongation at break. Minimum 
contact angle was achieved at 36.67° ± 3.06° in 
BP-10 with maximum sorbitol, no shrimp shell 
chitosan, and a moderate amount of cassava 
peel starch. The overall contact angle range 
across all runs categorized the films as hydro-
philic (θ ≤ 90°) materials (Jaderi et al., 2023). 
The effect of component concentration is fur-
ther highlighted in Figure 13a, wherein value 

larger than 80.93° contact angle was achieved 
with minimal cassava peel starch, minimal to 
moderate sorbitol, and maximum shrimp shell 
chitosan. The orientation and direction of the 
contours in Figure 13a suggest that sorbitol 
had a reduced impact on contact angle, which 
can be similarly observed in how both mini-
mum and maximum contact angle were 
achieved with 25% sorbitol. Albar et al. (2024) 
reported that contact angle improved due to 
the incorporation of amino group -NH₂ in chi-
tosan, increasing hydrophobicity.
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(a) (b) 

 
Figure 12. Plot of (a) ternary diagram showing the predicted contact angle based on mixture com-

position and (b) actual contact angle against predicted contact angle

The model generated for the contact angle 
response revealed a high variability (p = 
0.1049), indicating that the relationship of the 
components and contact angle is not signifi-
cantly strong in the model, but still provides a 
high R² value of 0.73, as seen in Figure 12b. Ad-
ditionally, the predicted by actual plot as seen 
in Figure 13b show no true pattern along the 
45-degree line entailing that although the 
model has an insignificant p-value it still shows 
a non-linear relationship between the compo-
nents and contact angle results. While the 
model was unpredictable, parameter estimates 
cassava peel starch (p = 0.0041) and sorbitol (p 
= 0.0104) as seen in Table 9 were significant, 
which may be attributed to starch’s numerous 

hydroxyl groups (Wang et al., 2020) and sorbi-
tol’s ability to reduce internal hydrogen bonds 
(Arief et al., 2021) and thereby increased inter-
action with external water molecules (Chen et 
al., 2019). Although the parameters for shrimp 
shell chitosan were found to be too inconsistent 
to be reliable, its high magnitude suggests its 
impact in promoting hydrophobicity in the de-
veloped films. Although not inherently hydro-
phobic (Wang et al., 2023), chitosan’s compati-
bility with the starch matrix (Kusumaningrum 
et al., 2023) allowed for greater hydrogen 
bonding between the two components (Rajesh, 
2023) while minimizing hydrophilic regions 
for external water molecule penetration.

 
Table 9. Regression coefficients and parameter estimates of contact angle in terms of shrimp shell 

chitosan, cassava peel starch, and sorbitol 

Parameters  𝛽₁  𝛽₂  𝛽₃  𝛽₁₂  𝛽₁₃  𝛽₂₃  𝛽₁₂₃  
Parameter Estimates  95.06  39.50  59.04  -7.54  21.20  -  -  

p-value  0.4647  0.0041  0.0104  0.9715  0.9239  -  -  

 
Table 10. ANOVA of contact angle 

Source  DF  Sum of squares  Mean of squares  F ratio  Prob > F  
Model  4  1714.83  428.70  3.42  0.1049  

Error  5  626.67  125.33  -  -  
U. Total  9  2341.51  -  -  -  

Effect of Mixture Composition on Opacity 
The histogram as seen in Figure 13a shows 

a central peak but also unevenness among the 

distribution increasing the likelihood of minor 
deviations from complete normality. Despite 
this, the points of the quantile (Q-Q) plot fall  
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approximately on the straight line. Addition-
ally, the Shapiro-Wilk test also revealed a non-
significant p-value (p = 0.5901) along with the 
Anderson-Darling test (p = 0.7356). This en-
tails a normal distribution for contact angle 
against the composition of the 
CPS/SSCHT/SOR film. For homogeneity of var-
iance, the Levene’s test results in a dot wherein 
the p-value is very small and often less than 
0.001 indicating a statistically significant dif-
ference in variances between groups. The run 
chart generated in JMP showed no evident pat-
terns or trend over time, supporting the as-
sumption of independence.  

As shown in Figure 13b, minimum opacity 
was achieved at 1.60% ± 0.12% in BP-10 with 
maximum sorbitol, no shrimp shell chitosan, 
and a moderate amount of cassava peel starch, 
the same film with the poorest hydrophobicity. 
Maximum opacity was achieved at 2.95% ± 
0.25% in BP-5 with minimum sorbitol, maxi-
mum shrimp shell chitosan, and moderate cas-
sava peel starch. The produced films were 
more transparent than those designed by Olu-
wasina et al. (2024), which yielded an opacity 
ranging from 14.78-38.64%.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
(b) (c) 

Figure 13. Graph of (a) histogram, quantile plot, (b) ternary diagram showing the predicted opac-
ity based on mixture composition and (c) plot of actual opacity against predicted opacity 

 
The films’ overall high transparency im-

plies its viability as plastic packaging without 
hindering the visibility of the product, which is 
one of the most important implications of a 
film’s opacity (Oluwasina et al., 2024). It is also 

worth noting that the contours seen in Figure 
13a lighten as cassava peel starch increased, 
which may be due to starch gelatinization and 
retrogradation. As the film solution is heated, 

(a) 
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starch swells and bursts, undergoing gelatini-
zation in which amylose cools to an opaque gel 
while amylopectin results in a fluid, translucent 
paste (Pither, 2003). Bashir and Aggarwal 
(2019) further explained that swollen starch 
granules refract light, impacting light transmit-
tance and thereby transparency.   

The opacity model exhibited a high variabil-
ity (p = 0.6483), with an R² value of 0.34, as 
seen in Figure 13c. Although the model pro-
vides an insignificant p-value and a weak R² 
value, the predicted by actual plot as seen in 
Figure 13c shows that the relationship between 
components and opacity values is non-linear 
meaning the value of the components still affect 
the results of opacity. Additionally, both pa-
rameter estimates for cassava peel starch (p = 
0.0013) and sorbitol (p = 0.0178) as seen in  

Table 11 were significant, which indicates that 
film opacity may be impacted due to starch’s 
larger particle size (Oluwasina et al., 2021) and 
retrogradation, as well as sorbitol’s nature as a 
plasticizer to increase transparency (Moham-
med et al., 2023). However, shrimp shell chi-
tosan had the highest magnitude in terms of pa-
rameter estimates despite being insignificant 
(p = 0.6174). Although an increase in chitosan 
was reported to result in a decrease in opacity 
due to its similarity in form to white powder 
(Apriliyani et al., 2020), the contours, as seen in 
Figure 13b, highlight that minimal opacity was 
achieved with minimal to no shrimp shell chi-
tosan. This could be attributed to its hydro-
philic nature and interaction with water mole-
cules, thereby reducing transmittance in the UV 
region, as corroborated by Cazón et al. (2020).

 
Table 11. Regression coefficients and parameter estimates of opacity in terms of shrimp shell chi-

tosan, cassava peel starch, and sorbitol 

Parameters  𝛽1  𝛽2  𝛽3   𝛽12   𝛽13   𝛽23  𝛽123  

Parameter Estimates  2.30  2.17  2.19  1.11  2.43  0  0  
p-value  0.6717  0.0013  0.0178  0.9014  0.7957  -  -  

 
Table 12. ANOVA of opacity 

Source  DF  Sum of squares  Mean of squares  F ratio  Prob > F  

Model  4  0.59  0.14  0.65  0.6483  
Error  5  1.31  0.22  -  -  

U. Total  9  1.72  -  -  -  

Characterization of CPS/SSCHT/SOR Bio-
plastic Films 

The FTIR spectra for the CPS/SSCHT/SOR 
film alongside sorbitol, shrimp shell chitosan 
and cassava peel starch with its corresponding 
wavenumbers is shown in Figure 14. Func-
tional groups showed a broad peak at about 
3336 cm⁻¹ which indicates a large number of 
hydroxyl groups, which was ascribed to –OH 
stretching vibration (Preethi et al., 2024). The 
characteristic peaks of inter- and intramolecu-
lar hydrogen bonds in starch and chitosan were 
shifted, revealing the formation of intermolec-
ular hydrogen bonds between starch and chi-
tosan (Tan et al., 2022). Aguilar et al. (2019) 
mentioned the highest point at the monosac-
charide's internal C–H vibrations are repre-
sented by approximately 2924 cm⁻¹.  

Furthermore, at 1638 cm⁻¹, there was a little 
peak caused by the C=O (Amin et al., 2019). 
Moreover, the decrease at approximately 1015 
cm⁻¹ represented by the greatest signal due to 
C-O vibration (Aguilar et al., 2019). Further-
more, Sangian et al. (2021) entails that the C-C, 
C-O, C-O (ester), and C-O-H (carbonic acid) 
bonds emerged at energy bands between 1114 
cm⁻¹, which was roughly equivalent to current 
spectra in the range of 1050 to 1300 cm⁻¹. The 
absorbance with wavelengths between 580 
and 706 cm-1 was typical of the C-O (ester 
group), which was a sign of the group's capacity 
to break down. The bonds also are hydrophilic 
groups wherein water can cause bacteria to en-
ter the bioplastic matrix for degrading (Sangian 
et al., 2021).  
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Thermogravimetric analysis was per-
formed to analyze the rate of weight change as 
a function of temperature including weight or 
mass changes (growth or loss). This process in-
volves various phenomena, such as weight loss 
and decomposition, which occur due to the 

breaking up of chemical bonds. Additionally, 
evaporation takes place when temperatures 
rise, causing the loss of volatile components 
(TA Instruments, 2025). The plot of weight loss 
against temperature and the derivative is 
shown in Figure 15.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. FTIR spectra of (a) CPS/SSCHT/SOR film (CPS/SSCHT/SOR), (b) sorbitol (SOR), (c) shrimp 
shell chitosan (SSCHT), and (d) cassava peel starch (CPS) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15. Thermogravimetric analysis thermogram of CPS/SSCHT/SOR bioplastic film showing the 
weight loss percentage and derivative weight as a function of temperature 

 
In Figure 15, three significant weight losses 

occurred in response to the temperature 
changes up to 600 ℃. At ~ 60 °C to ~240 ℃, 

there was a 10.40% decrease in weight indicat-
ing its first weight loss. Tan et al. (2022) men-
tioned that the weight loss between 30 °C and 
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100 ℃, was linked to the evaporation of free 
water. Moreover, the evaporation of moisture 
from the bioplastic films was the cause of the 
weight loss which occurred between approxi-
mately 100 ℃ and 200 ℃. According to the ear-
lier study, the breakdown of two pectin-based 
bioplastics (pectin/TA & pectin/CA) takes 
place between 206 °C and 235 ℃ and is caused 
by the scission of saccharide rings in the biopol-
ymer backbone (Tan et al., 2022). This initial 
weight loss is similar to Feky et al.’s (2024) 
study where it was visible on the extracted chi-
tosan curve between 50 and 400 °C where in its 
first stage resulted in about 10.9% weight loss 
that happened between 50 and 100 °C as a  
result of the loss of water molecules. The sec-
ond weight loss that occurred, which was 
63.86% at ~240 °C to ~440 ℃ may be caused 
by the chitosan's principal deterioration (Feky 
et al., 2024). The deterioration caused by the 
depolymerization of composite films and the 
breakdown of polysaccharides in the tempera-
ture range of 337℃ to 370 ℃  may be responsi-
ble for the largest mass drop at 265℃ to 350 ℃ 
which showed that after being heated to 400 ℃  
(Arooj et al., 2023).The third decrease at 
~440℃ to ~540 ℃ was due to thermal degra-
dation, which resulted in a 24.80% weight loss. 
Additionally, there are two mass phases in the 
TGA analysis of the film sample: thermal dete-
rioration and thermal decomposition which 
happens at 450 °C (Feky et al., 2024).  

In summary, the research explores the via-
bility of valorizing food waste materials and by-
products of food processing into materials for 
bioplastic production. While previous  
researchers have developed starch/chitosan 
bioplastic films, these studies commonly uti-
lized commercial or laboratory-grade materi-
als. The extraction, characterization, and utili-
zation of starch and chitosan derived from cas-
sava peel and shrimp shells, respectively, in the 
development of bioplastic food packaging films 
would help justify the feasibility and potential 
of food waste as bioplastic materials.  The re-
sults of this study could simultaneously ad-
dress both food waste and plastic waste, two 
primary concerns of Sustainable Development 
Goal (SDG) 12, Responsible Consumption and 
Production.  

 

Conclusion and Recommendations  
This study found that the valorization of 

food waste for the extraction of shrimp shell 
chitosan and cassava peel starch in the produc-
tion of a CPS/SSCHT/SOR bioplastic film holds 
great potential as a sustainable solution to both 
food waste and plastic waste. The valorization 
of cassava peels and shrimp shells resulted in 
good-quality biopolymer materials, namely 
starch and chitosan, respectively. The optimal 
film achieved tensile strength of 45.6 MPa ± 
7.04 MPa and opacity of 2.95% ± 0.25% in BP-
5. The produced films exhibited good tensile 
strength and transparency, which holds the po-
tential for dry, hard packaging applications. 
However, the low elongation at break and hy-
drophilicity as denoted by its contact angle sug-
gests that further adjustments should be made 
to rectify this, be it by modification or substitu-
tion of plasticizer to promote hydrophobicity 
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