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Abstract: Chitosan is an abundant natural biopolymer widely used in industrial and pharmaceutical applications. It 
stands out for its remarkable biodegradability, biocompatibility, and versatility. Herein, we tried to extract chitosan from 
mud crab (Scylla spp.), a seafood waste abundantly found in Bangladesh’s growing crab farming industry, via a simple 
low-cost production route. At first, chitin was extracted from crab shells through demineralization and deproteinization to 
eliminate minerals and proteins. The chitosan biopolymer was then obtained by deacetylation of purified chitin. To 
evaluate its physicochemical properties, the as-prepared chitosan was characterized by different analyses, such as 
water and fat binding capacity, solubility, viscosity, molecular weight, fourier transform-infrared, thermogravimetric, 
scanning electron microscopy, and ash content analysis. The results showed that the crab shell contains around 26.8% 
chitosan by dry weight, making it an excellent raw material for the massive production of the natural biopolymer chitosan. 
The prepared chitosan showed fat and water binding capacities of 200-300% and ~680.9%, respectively. Furthermore, it 
was highly soluble in 1% acetic acid and had an ash content of about 33.7%. Convincingly, the produced chitosan 
showed great physiochemical properties making it suitable for biomass efficiency, sustainable development, revenue 
generation, and biomedical applications. In addition, the recycling of seafood waste into a valued product is beneficial to 
help keep the environment clean, which is among the sustainability goals in Bangladesh and globally. 
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1. INTRODUCTION 

Chitin constitutes a linear polysaccharide consisting 
of randomly distributed ß-(1,4)-linked D-glucosamine 
and N-acetyl-D-glucosamine [1,2]. It is found in the 
exoskeleton of crustaceans like crabs, shrimp, lobster, 
and crayfish, insects’ cuticles, fungi cell walls [3], and 
microalgae [4]. The percentage of different chitins 
varies depending on the source, and different 
organisms contain different amounts. Among the 
crustacean sources, Crayfish (Astacus fluviatilis) 
contains 36%; Lobster (Homarus vulgaris/Palinurus 
vulgaris) has 17-25%; while Shrimp (Palñmon 
Fabricius) holds 22% of chitin of their body weight [5]. 
Chitin and its derivative (chitosan) sources are 
renewable because of the large amount of availability 
in nature. In the world, seafood consumption is 
increasing year by year. From 1960 to 2014, the global 
annual consumption of seafood and its products per 
capita doubles from 10 to 20 kg [6], then it reaches a 
steady state up to 2021 [7] and starts gradually 
increasing after that [8]. In most cases, the outer shell 
of seafood is treated as waste by dumping it in the soil 
[9]. Interestingly, this is one of the major sources of 
chitosan production. 
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Chitosan is a biopolymer composed of randomly 
distributed β -linked D-glucosamine and 
N-acetyl-D-glucosamine. It is utilized in various 
industries due to its unique characteristics including 
biologically safe, biodegradable, biocompatible, and 
nontoxic biomaterial [10]. Chitosan biopolymer is 
widely used in and/or for the textile industry [11], dye 
removal [12], cosmetic industry [13], food processing 
industry for food wrapping [14], agricultural industry for 
plant growth and crop production [15], wastewater 
treatment [16], methene production [17], biohydrogen 
production [18], etc. It is also utilized in the biomedical 
industry for the fabrication of biosensors for the 
detection of biological molecules, the production of 
bio-adhesives used for tissue engineering, and the 
drug delivery system [19-22]. The use of chitosan for 
the treatment of spinal cord injury has been recently 
reported [23]. Furthermore, natural biopolymer 
chitosan has an antimicrobial effect and thereof is used 
as an antimicrobial agent [24]. 

Chitosan biopolymer extraction is achieved via the 
deacetylation process from chitin, a structural 
component of crustaceans, fungi, and other plants as 
well as animals. Besides chitin, organisms also have 
carbohydrates, proteins, and minerals in their outer 
shells or cell walls. Chitin can be produced by both 
biological and chemical procedures. In the biological 
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process of chitin production, deproteinization by lactic 
acid bacteria and protease enzymes are the major 
steps [25]. By chemical process, two major steps are 
employed, i.e., i) demineralization and ii) 
deproteinization to remove the minerals and proteins. 
After completion of these two steps thoroughly, the 
chitosan is obtained by deacetylation process. Some 
other minor steps are also employed like decolorization 
and drying [26]. 

According to the literature [27], crab shells are one 
of the richest sources of chitin, which contain about 
20-30% chitin, 30-40% protein, and 30-50% calcium 
carbonate. However, in Bangladesh, they mostly 
regard these shells as worthless waste and discard 
them in the soil. Herein, we aimed to convert this waste 
into a valuable product, chitosan. Besides, recycling 
seafood waste is useful in helping to keep the 
environment clean, which is one of the sustainability 
goals in Bangladesh and even globally. Chemical 
extraction procedures were employed in this work to 
extract and purify the chitosan. Afterward, the 
physiological property characterizations, including 
water and fat binding capacity, solubility, viscosity, 
molecular weight, fourier transform infrared, 
thermogravimetric, scanning electron microscopy, and 
ash content analysis, were used to confirm the product 
quality.  

2. EXPERIMENTAL SECTION 

2.1. Materials and Instruments 

Hydrochloric acid (HCl), sodium hydroxide (NaOH), 
acetic acid (AA), sodium dodecyl sulfate (SDS), and 
ethylenediaminetetraacetic acid (EDTA) were 
purchased from Sigma Aldrich. Whatman filter paper 
(0.22 µm) was purchased from a local vendor (LabTex, 
Bangladesh). All aqueous solutions were prepared with 
ultrapure water from 18.2 MΩ.cm Millipore Milli-Q water 
purification equipment. 

The infrared (IR) spectra were recorded using an 
IR-Presttige-21 Shimadzu Fourier Transform-Infrared 
(FT-IR) 4200 Spectrometer. The Thermogravimetric 
Analysis (TGA) data were acquired using a 
Thermogravimetric Analysis (TGA) analyzer (TGA 
5500, TAinstruments, USA). The morphologies of 
produced chitosan were imaged by the JCM7000 
Scanning Electron Microscopy (SEM). 

2.2. Production of Chitin 

2.2.1. Sample Collection and Preparation 

The crab (Scylla serrata) shells were collected from 
a crab processing industry located in Nolvog, sector 12, 
Uttara, Dhaka, Bangladesh. The crab farmers, from 

Khulna and Satkhira, Bangladesh, send their crabs to 
the crab processing industry, where the crab flesh and 
shells are separated. As the separated shells are 
considered waste, they are either disposed of in the 
ground or soil to the chicken feed processing industry. 
After the collection, the samples were thoroughly 
washed and dried in the air. Once properly dried, the 
shells were ground into a fine powder using a grinder 
(WBL-15SMG6, Walton, Bangladesh).  

2.2.2. Deproteinization and Demineralization 

Deproteinization and demineralization steps were 
adapted from the reported work with modification [25]. 
First, fifty grams of crab shell powder were placed in a 
conical flask and then added with 250 mL of 4.0% (w/v) 
NaOH. The mixture was boiled while stirring and 
refluxed for 1 h to denature and remove the proteins 
from the crab shell. After an hour, the crab shells were 
washed with distilled water consecutively to get rid of 
the excess sodium hydroxide until the protein residue 
from the sample reached a neutral pH of 7.0. Finally, 
the sample was dried overnight at 50 °C in a dryer. The 
sodium hydroxide catalyzes proteins in the following 
mechanism. 

R-CO-NH-R + NaOH → RCOO-Na+ + RNH2 

Where R-CO-NH-R is the common structure of 
proteins. The R-CO- of the protein binds with NaO- of 
NaOH. 

The deproteinized sample was added to 250 mL of 
4.0% (w/w) HCl and then stirred overnight to remove 
the minerals. Afterward, it was washed successively 
with distilled water until pH reached 7.0. Hydrochloric 
acid is dissociated into be H+ cation and Cl- anion in the 
aqueous solution, where Cl- anion binds to the minerals 
and then separates them from the chitin. The collected 
sample was dried in the dryer. 

2.3. Production of Chitosan from Chitin 

2.3.1. Deacetylation Process of Chitin 

Chitosan is a deacetylated derivative of chitin. The 
yielded chitin undergoes a deacetylation process by 
concentrated base treatment. Scheme 1 demonstrates 
the conversion of chitin into chitosan via the 
deacetylation process. At first, the chitin was added to 
250 mL of 50.0% (w/v) NaOH heated at 100 °C with 
continuous stirring and refluxed for 2 h. Then, the 
solution was cooled down to 25 °C and subsequently 
washed several times using concentrated sodium 
hydroxide (50.0%). Afterward, the deacetylated sample 
was washed with distilled water until the sample 
solution reached a neutral pH (7.0). The crude chitosan 
obtained as a cream-colored wet cake was dried. The 
as-prepared crude chitosan contains some heavy 
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metal ions and insoluble dust. To obtain the purified 
chitosan, this crude chitosan should go through a 
purification process [28]. 

2.3.2. Purification of Produced Chitosan 

The produced chitosan might contain some 
insoluble dust. In the first step of purification, the 
as-produced chitosan was kept in a conical flask 
containing 500 mL of 5.0% (v/v) CH₃COOH. Then, it 
was stirred at normal speed until a homogeneous 
solution was obtained. Next, the solution was filtered 
with Whatman filter paper to trap the insoluble dust in 
the pores of the filter paper. Afterward, the pH of the 
collected chitosan solution was adjusted to 8.5 using 
the diluted sodium hydroxide solution. At a pH of 8.5, 
the solubilized chitosan became insoluble and then it 
was centrifuged to collect the chitosan from the solution. 
Finally, it was washed several times with distilled water 
and dried. 

To remove the heavy metal ions from the chitosan, 
the sodium dodecyl sulfate (SDS) and 
ethylenediaminetetraacetic acid (EDTA) treatments 
were done after the removal of dust. The dried chitosan 
was added with 250 mL of 10.0% (w/v) SDS and then 
stirred overnight. The SDS neutralizes the heavy 
metals by absorbing them forming a complex. Five 
hundred fifty milliliters of 5.0% (w/v) EDTA were added 
to the stirred chitosan solution then let it for 2 h. The 
EDTA acts as a chelating agent which helps to 
precipitate the heavy metals from the solution. 
Afterward, the solution was filtered using Whatman 
filter paper with 0.22 µm pore and then the chitosan 
was recovered by centrifuging the filtered solution at 
8000 rpm for 5 min. The recovered chitosan was 
washed several times to remove the excess SDS and 
the EDTA. Finally, the purified chitosan was dried at 
50 °C. In this stage, the produced chitosan was ready 
for further physicochemical property analyses. 

2.4. Physiochemical Property Analyses of 
Produced Chitosan 

2.4.1. Degree of Deacetylation 

The deacetylation degree was estimated by an 
acid-base titration method. To do that, 0.1 g chitosan 

was dissolved in 30 mL of 0.1 M (v/v) HCl. The solution 
mixture was stirred using a magnetic stirrer at 25 °C to 
prepare a homogeneous solution. Then, 30 mL of the 
indicator methyl orange was added to the solution. It 
was known that methyl orange indicates the neutral 
position of the solution by its color change from red to 
orange. After that, 0.1 M NaOH was prepared for the 
titration. It was placed in the burette since the volume 
of NaOH solution is required to measure the degree of 
deacetylation that can be estimated using Equation 1. 

DD =   
Ma×Va −Mb×Vb

M×0.0994
×0.016 

%DD =   !"×!"!!"×!"
!×!.!""#

×0.016×100%   Eq. 1 

Where Ma is the concentration of acid (HCl), Mb is 
the concentration of base (NaOH), Va is the volume of 
acid, Vb is the volume of base needed in the titration 
from burette, and M is the weight of chitosan. The value 
of 0.0994 is the proportion of the NH2 group by weight 
in chitosan. The corresponding weight of the NH2 group 
in 1 mL of normal 1.0 M HCl solution is 0.016 (g). 

2.4.2. Yield of Produced Chitosan 

A yield is the productivity of a product, which is 
among the most important characterizations for the 
production of material. Crab waste is a high-yielding 
source of chitosan. In this work, the yield of the 
chitosan was measured by Equation 2. 

%Yield =
  !"#$%&'  !"#$%&  !"#$%  !"#$%  !"#$%&#'()  !"#  !"#$%$&'($)*   !
!"#$%!  !"#$%&  !"#$%  !"#  !"#$%&#'()  !"#  !"#$%$&'($)*   !

  ×100%
              Eq. 2 

2.4.3. Water Binding Capacity of Produced 
Chitosan 

To measure the water binding capacity (WBC) of 
chitosan, first, 0.25 g of chitosan was placed in the tube, 
and then added 5 mL of distilled water. The solution 
was then vortexed for 1 min. After that, the tube was 
placed in the shaker incubator at 30 °C for 30 min. Next, 
the solution was centrifuged at 6000 rpm for 10 min. At 
last, the supernatant was discarded, and the wet 
chitosan was collected and weighed. The WBC of the 
chitosan was measured by Equation 3. 

 
Scheme 1: Conversion of chitin into chitosan by deacetylation method. 
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%WBC   = !"#  !"#$%&'(  !"#$%&  (!)  
!"#$#%&  !"#$%&'(  !"#$%&  (!)

×100%  Eq. 3 

2.4.4. Fat Binding Capacity of Produced Chitosan 

Fat binding capacity (FBC) is an important 
characteristic of chitosan. Three edible oils, i.e., 
soyabean oil, mustard oil, and olive oil were used for 
the characterization of chitosan’s FBC. Five milliliters of 
different oils were put in different vials followed by the 
addıtıon with 0.25 g produced chitosan for each vial. 
Afterward, the vials were vortexed for 1 minute and 
kept in the shaker incubator at 30 °C for 30 min. The 
mixture was centrifuged and then the oil was discarded. 
Meanwhile, the extra oil was removed. The wet 
chitosan was weighted and the FBC was measured for 
different oils using Equation 4. 

%FBC   = !!"#$%  !"  !"#  !"#$%  !"#$%&'(  (!)  
!"#$#%&  !"#$%&'(  !"#$%&  (!)

×100% Eq. 4 

2.4.5. Solubility of Produced Chitosan 

The chitosan’s solubility was measured in various 
solvents, including methanol, acetone, sodium 
hydroxide solution, water, and acetic acid. Five 
milliliters of each solvent were taken in separate vials, 
and 50 mg of chitosan was added to each vial. The 
different solvents containing chitosan were stirred at 
medium speed for 30 min at 25 °C. The solutions were 
then immersed in boiling water for 10 min and then 
allowed to cool back down to 25 °C. Subsequently, 3 ml 
of each solution was moved to quartz tubes, and the 
optical density of the solutions was recorded in 
triplicates using a spectrophotometer at a wavelength 
of 600 nm. The solubility was measured using different 
concentrations of 0.1, 0.5, 0.8, 1.0, and 1.2% acetic 
acid, following the described procedure. Clear solutions 
absorb less light and exhibit lower optical density 
values, whereas dark solutions show higher optical 
density values. According to this principle, the solubility 
of chitosan in different solvents was determined. 

2.4.6. Determination of Viscosity 

The produced chitosan was prepared in acetate 
buffer (0.5 M AcOH-0.2 M NaOAc). To calculate the 
viscosity, 0.01% (w/v) chitosan was dissolved in the 
buffer solution. The reduced viscosity of the solutions 
was measured using a standard size A, borosilicate 
glass Ostwald U-tube viscometer that was calibrated 
and clamped into a leveled water bath. The 
measurements were performed at 25 ± 1 °C employing 
the mean flow time of three determinations of the 
solutions. The viscosities of the solvent and the 
polymer solutions were used for the calculation of the 
relative viscosity, specific viscosity, and reduced 
viscosity employing Equations 5, 6, 7, and 8, 
respectively [25]. 

Relative  viscosity   η!"# =
Time  Efflux  of  the  ploymer
Time  Efflux  of  the  solvent

 

η!"# =
!
!!     Eq. 5 

Specific  viscosity   =   
Time  Efflux  of  the  polymer
Time  Efflux  of  the  solvent

− 1 

Ƞ!" =
!
!!
− 1     Eq. 6 

Reduced  viscosity   ηred =    Ƞ!"
!    Eq. 7 

Intrinsic viscosity ([η]) = (ηred) c→O   Eq. 8 

Where T is the mean flow time of polymer solution, 
Ts indicates the solvent’s mean flow time, and C 
stands for the viscometer constant. A plot of reduced 
viscosity vs. polymer concentration (Huggin’s plot) on 
extrapolation to infinite dilution gives the polymer’s 
intrinsic viscosity. The intrinsic viscosity is measured 
using the Huggins equation, η sp/c=[η]+K[η]2c. The 
specific viscosity can be calculated by employing a 
viscometer and the above equation was used for the 
calculation. 

2.4.6. Determination of Molecular Weight 

The solvent was introduced into the reservoir of a 
thoroughly cleaned viscometer, which was held in an 
erect position inside a constant temperature of the 
water bath that was maintained at 25 ± 0.1 °C. It was 
then blown up into the upper viscometer bulb using a 
borosilicate glass viscometer and the time of the efflux 
of the solvent was noted with the help of a stopwatch. 
This process was repeated several times. The bulb of 
the viscometer was emptied and then it was thoroughly 
dried. After that, a solution was introduced into the 
viscometer reservoir and the time of efflux of the 
solution was recorded in the same way as for solvent. 
The molecular weight (MW) for the measurement of 
viscosity-average MW (Dalton) and the intrinsic 
viscosity (η) of the polymer were used. From the 
intrinsic viscosity, the MW was measured using the 
Mark-Houwink equation (Equation 9) [29].  

η =   K×Ma      Eq. 9 

Where M is the viscosity-average MW; K and a are 
constants, where their values are dependent on the 
polymer type and the selected solvent. For the chitosan 
and solvent (0.5 M AcOH-0.2 M NaOAc), these 
constants are 3.5 × 10–4 and 0.76, respectively which 
are not dependent on the degree of deacetylation. 

Calculation of molecular weight: 

The limiting viscosity number [Ƞ] can be calculated 
using Equation 10. 
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Ƞ =
  Ƞ!"!

!!!Ƞ  Ƞ!"          Eq. 10 

KȠ = 0.28, C = 0.0208652 mm2/s2. The 
viscosity-average MW of the polymer calculates the 
limiting viscosity number in Equation 11. 

Ƞ = K!!!         Eq. 11 

Where K’ = 18.5 × 10-3 ml/g and a = 0.75. 

2.4.7. Fourier Transform-Infrared Spectroscopy 

The infrared (IR) spectra were recorded in KBr discs 
on an IR-Presttige-21 Shimazu FTIR 4200 
spectrometer under dry air. The number of scans per 
sample was 50 and the FT-IR spectra were recorded in 
the wavelength number region of 4000-400  cm-1. The 
KBr pellets were prepared with 1.0 mg chitosan with 
200 mg KBr at a ratio of 1:200 and stabilized under 
controlled relative humidity before acquiring the 
spectrum. The spectra indicate the 
absorbance/transmittance of a material as a function of 
wavelength number. 

2.4.8. Thermogravimetric Analysis 

The thermal analysis of produced chitosan was 
done using a thermogravimetric analyzer over a 
temperature ranging from 25 to 500 °C at a scan rate of 
10 °C/min under the dry nitrogen environment. 

2.4.9. Scanning Electron Microscopy 

The microscopic structure of produced chitosan was 
imaged using the VEGA3 TESCAN scanning electron 
microscopy (SEM). In obtaining the SEM images, the 

gold thin layer was sputtered on the sample to improve 
the conductivity of the samples. 

2.4.10. Ash Content of Produced Chitosan 

Two grams of produced chitosan were loaded in the 
quartz boat and put in the tube furnace. It was then 
heated from 25 to 500 °C at the rate of 3 °C/min for 2 h 
under the nitrogen environment. Afterward, the furnace 
cooled naturally to 25 °C. At last, the ash content was 
estimated according to Equation 12. 

%Ash  content   =   !"#$%&  !"  !"#  !"#  !"#$%&"  (!)
!"#$%&  !"#$%&  (!)

×  100% Eq. 12 

3. RESULTS AND DISCUSSION 

The production of chitosan from the crab shells in 
this study was carried out through a simple chemical 
modification procedure as summarized and shown in 
Scheme 2. At first, the crab shells were collected from 
the crab processing industry, which were then 
processed for deproteinization and demineralization 
stages. Next, the resulting chitosan was purified prior to 
characterization. Afterward, the physicochemical 
properties of as-produced chitosan were investigated 
for WBC, FBC, solubility, viscosity, MW, and ash 
content. Further, the FT-IR, TGA, and SEM analyses 
were also carried out. 

3.1. Physiochemical Properties of Produced 
Chitosan 

The physical color and texture of the produced 
chitosan are shown in Figure 1, where it demonstrates 
creamy-white colored powder. Typically, chitosan that 

 
Scheme 2: Schematic representation of the production of chitosan from crab waste. 
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is in the market appears as a fine, white to off-white 
powder. In terms of color, the commercial chitosan is 
generally slightly yellowish. The resulting chitosan in 
the present study seems in good agreement with the 
standard product. 

 
Figure 1: Produced chitosan from the crab (Scylla serrata) 
shell. 

3.1.1. Degree of Deacetylation 

The degree of deacetylation (%DD) of produced 
chitosan from crab (Scylla serrata) was determined by 
the titration method according to Equation 1. The 
results showed that the produced chitosan was 
deacetylated at about 76.46 ± 1.6%. It obviously 
indicated the efficiency of the removal of the acetyl 
group from the chitin. Also, it showed the content of the 
amino group in this biopolymer. In a study, it was 
reported that the %DD of commercial chitosan is in the 
range of 56.0-99.0% [30]. As %DD of the produced 
chitosan in the present work is in the %DD range of 
commercial chitosan, it means that the corresponding 
titration method was successfully carried out. 

3.1.2. Yield of Produced Chitosan 

The produced chitosan’s yield was calculated using 
Equation 2 as the dry weight of chitosan obtained from 

10 g of dried crab (Scylla serrata) shell sample. From 
10 g of dried crab shell powder, about 2.7 ± 0.09 g of 
purified dry chitosan was found after purification. The 
chitosan yield was estimated to be approximately 26.8 
± 0.9%. Some recent studies reported the yield of 
chitosan from Scylla serrata ranges from 13.1 to 27.8% 
[31-33]. 

3.1.3. Water Binding Capacity 

The water binding capacity (WBC) was determined 
by using Equation 3. Based on the measurement and 
calculation, the produced chitosan from the crab 
(Scylla serrata) waste has a WBC of approximately 
680.9 ± 8.8%. As reported in the literature, the WBC of 
commercial chitosan is about 458-805% [34]. The 
results showed that the WBC of the resulting chitosan 
was in the range of the WBC of the commercial 
chitosan, indicating that the current work was 
successfully done. 

3.1.4. Fat Binding Capacity 

The fat-binding capacity (FBC) of extracted chitosan 
from crab waste was determined using three types of 
oil, including soybean oil, mustard oil, and olive oil. The 
FBC values differ depending on the types of oil. The 
FBC was estimated according to Equation 4, where the 
olive oil showed the lowest capacity (205.9 ± 2.1%), 
whereas the mustard oil showed the highest capacity 
(298.7 ± 3.3%). Meanwhile, the FBC value of soybean 
oil was observed around 222.1 ± 2.4%. According to 
the reported literature [35], the chitosan’s FBC ranges 
from 217 ± 7 to 403 ± 6%. In this study, the FBC of the 
produced chitosan falls within the commercial range. 
As for the variance, it can happen due to the 
differences in crystallinity and salt forming unit. 

3.1.5. Solubility of Produced Chitosan 

The solubility of produced chitosan was determined 
by the spectrophotometric method. It was measured for 
methanol, acetone, sodium hydroxide, water, and 
acetic acid. The solubility was also measured in the 

 
Figure 2: (A) Various solvent vs. optical densities to compare the solubility of chitosan in different solvents, and (B) 
Concentration of acetic acid vs. optical density to observe the solubility of chitosan in different concentrations of acetic acid. 
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different concentrations of acetic acid, viz. 0.1, 0.5, 0.8, 
1.0, and 1.2%, following established procedures. 
According to the principle, a clear solution absorbs low 
light and shows a lower optical density (OD) value, 
whereas a dark solution shows a higher OD value. The 
solubility of chitosan in different solvents as shown in 
Figure 2A was measured based on this principle. It can 
be seen that chitosan in 1.0% acetic acid absorbs the 
minimum light compared to other solvents. So, a 
decision could be taken that the produced chitosan 
from crab shells was the most soluble in acetic acid 
among others. Since chitosan is highly soluble in acidic 
conditions, the same experiment was done using 
various concentrations of acetic acid (1.2, 1.0, 0.8, 0.5, 
and 0.1%) as solvent. Also, it can be seen in Figure 2B 
that the produced crab chitosan was more soluble in 
1.0% acetic acid. From this analysis, chitosan in 1.0% 
acetic acid absorbs nethermost light than other acetic 
acid concentrations because it could dissolve more 
crab chitosan than others did. 

3.1.6. Determination of Viscosity 

Viscosity is a crucial factor in determining the MW of 
chitosan. A higher MW of chitosan usually provides 
highly viscous solutions, which is undesirable for 
industrial handling. The viscosity of produced chitosan 
decreases with an increased time of demineralization. 
In acetic acid, it tends to increase with decreasing pH 
but decreases with decreasing pH in hydrochloric acid. 
Intrinsic viscosity is an essential rheological parameter 
that is frequently used to characterize the 
hydrodynamic properties of polymers and to calculate 
the average MW of polymers using Mark-Houwink's 
equation. The inherent viscosity of chitosan depends 
on both the degree of ionization and the strength of the 
ions [36]. The intrinsic viscosity and relative viscosity of 
the resulting chitosan from the crab shell in this study 
are 0.30 ± 0.01 and 3.15 ± 0.10, respectively. 

 
Figure 3: FT-IR spectroscopy of the produced chitosan. 

3.1.7. Molecular Weight of Produced Chitosan 

Chitosan is a biopolymer with high MW and varies 
in the sources and the extraction methods. The native 
chitin’s MW is usually larger than one million Daltons, 
while some researchers determine the MW of chitosan 
from 2.0 × 105 to approximately 1.4 × 106 Daltons [37]. 
It was also reported in a study that the MW of chitosan 
can be in the range of 100 kD to thousands of KDs [38]. 
Meanwhile, the MW of crab chitosan obtained in this 
study was 9.9 × 105 Da. 

3.1.8. Fourier Transform-Infrared Spectroscopy 

As shown in Figure 3, the -OH stretching peak 
shifted from 3363 cm-1 in chitin to 3478 cm-1 in chitosan. 
This shift could be due to the increased hydrogen 
bonding from additional -NH2 groups in chitosan. The 
presence of the nitrile group at 2260 cm-1 in chitosan 
was not found for chitin, indicating a chemical 
difference likely arising from the processing or 
modification of chitin to chitosan. The amide I band was 
slightly shifted from 1646 cm-1 in chitin to 1639 cm-1 in 
chitosan. Amide II and III bands (related to protein 
content) were present in chitosan at 1575 cm-1 and 

Table 1: Spectrum Peaks Comparison between the Produced and Standard Chitosan 

Vibration mode Standard chitosan (cm-1) Produced crab chitosan (cm-1) 

(NH2) associated in primary amines (OH) associated in pyranose ring 3420 3478.1 

(C≡N) nitrile group 2344.05–2346.5 2260 

(C=O) in NHCOCH3 group (Amide I) 1654 1639 

Amide II band (N-H bending)  1580 1575 

(CH2) in CH2OH group 1422 1413 

(CH3) in NHCOCH3 group 1380 1409 

Amide III band (C-N stretching) 1320 1338 

(C-O) in the secondary OH group 1075 1053 

(C-O) in the primary OH group 1029 1020.3 

Pyranose ring stretching 895 802 
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1338 cm-1, which indicated the deacetylated nature of 
chitosan compared to chitin. There was a unique peak 
at 802 cm-1 for chitosan, corresponding to the pyranose 
ring, which was not highlighted in the chitin spectrum. 
Further, the FT-IR spectrum wavelength bands 
obtained from the produced chitosan were compared 
with the commercial chitosan as presented in Table 1, 
where the FT-IR spectrum wavelength bands for 
standard chitosan were referred to in the literature [39]. 

 
Figure 4: Thermogravimetric analysis for chitin (red line) and 
chitosan (black line). 

3.1.9. Thermogravimetric Analysis 

Thermogravimetric analysis is the measurement of 
a material’s thermal stability including 
polymers/biopolymers. In the present study, the TGA 
was carried out at the temperature of 18-600 °C 
(shown in Figure 4). The mass losses for chitosan are 
significant later from 270 °C, where the increase in bulk 
loss after 270 °C was seen in an increasing direction, 
and more rapidly. It was a consequence that these 
degradation rates would not negatively impact the 
reaction when the reaction conditions were considered. 

3.1.10. Scanning Electron Microscopy 

The SEM micrograph displays the morphological 
structure of the pure chitosan obtained in this work with 
22kx and 49Kx magnifications, where the observation 
confirmations that the surface of the pure chitosan is 
platelet-like, nonporous, microfibrils and crystallite, and 
heterogeneous as displayed in Figure 5. 

3.1.11. Ash Content of Chitosan 

Among the most important criteria for assessing the 
chitosan quality is its ash content. In this investigation, 
the ash content was determined by pyrolysis employing 
a tube furnace, where the ash content was estimated 
using Equation 12. Based on the measurement, the 
as-prepared chitosan biopolymer exhibited an ash 
content of approximately 33.7%. Meanwhile, the 
chitosan derived from mussel shells had an ash 
content of around 36.9% as reported in the literature 
[40]. 

4. CONCLUSION 

We demonstrated a low-cost and simple extraction 
of chitosan biopolymer from mud crab shells, which 
was aimed at converting seafood waste into a valuable 
material for various applications. The produced 
chitosan has a similar color and texture as the 
commercial grade chitosan. The physicochemical 
characteristics of the resulting chitosan were compared 
with commercial-grade chitosan and with the literature 
data. In general, it can be concluded that the prepared 
chitosan has the same quality as the commercially 
available one. The present work paved the way for the 
low-cost and simple production of chitosan biopolymer. 
This synthesis route will also help keep the 
environment clean by recycling valueless wastes into a 
valued product. Eventually, the product can be utilized 
as a scaffold for controlled drug release, an 
antimicrobial agent, and an immobilization matrix in 

 
Figure 5: SEM images of produced pure chitosan. (A) 22kx and (B) 49kx magnifications. 
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electrode surface engineering of chemical sensor 
technology. 

CONFLICT OF INTEREST 

The authors declare that they have no known 
competing financial interests or personal relationships 
that could have appeared to influence the work 
reported in this paper. 

ACKNOWLEDGEMENTS 

The authors thank the colleagues for their expertise 
and assistance throughout all aspects of the study and 
for their help in writing the manuscript. 

REFERENCES 

[1] Huq T, Khan A, Brown D, Dhayagude N, He Z, Ni Y. Sources, 
production, and commercial applications of fungal chitosan: 
A review. J Bioresour Bioprod 2022; 7(2): 85-98. 
https://doi.org/10.1016/j.jobab.2022.01.002 

[2] Islam S, Bhuiyan MAR, Islam MN. Chitin and chitosan: 
structure, properties and applications in biomedical 
engineering. J Polym Environ 2017; 25: 854-866.  
https://doi.org/10.1007/s10924-016-0865-5 

[3] Vallejo-Domínguez D, Rubio-Rosas E, Aguila-Almanza E, 
Hernández-Cocoletzi H, Ramos-Cassellis ME, 
Luna-Guevara ML, Rambabu K, Manickam S, Munawaroh 
HSH, Show PL. Ultrasound in the deproteinization process 
for chitin and chitosan production. Ultrason Sonochem 2021; 
72: 105417.  
https://doi.org/10.1016/j.ultsonch.2020.105417 

[4] Islam MdB, Khalekuzzaman Md, Kabir SB, Hossain MdR. 
Shrimp waste-derived chitosan harvested microalgae for the 
production of high-quality biocrude through hydrothermal 
liquefaction. Fuel 2022; 320: 123906.  
https://doi.org/10.1016/j.fuel.2022.123906 

[5] Rhazi M, Desbrieres J, Tolaimate A, Alagui A, Vottero P. 
Investigation of different natural sources of chitin: influence of 
the source and deacetylation process on the 
physicochemical characteristics of chitosan. Polym Int 2000; 
49(4): 337-344.  
https://doi.org/10.1002/(SICI)1097-0126(200004)49:4<337::
AID-PI375>3.0.CO;2-B 

[6] Guillen J, Natale F, Carvalho N, Casey J, Hofherr J, Druon 
J-N, Fiore G, Gibin M, Zanzi A, Martinsohn JT. Global 
seafood consumption footprint. Ambio 2019; 48: 111-122.  
https://doi.org/10.1007/s13280-018-1060-9 

[7] Shahbandeh M. Per capita consumption of fish products 
worldwide 2014-2021. Statista 2023. 
https://www.statista.com/statistics/820953/per-capita-consu
mption-of-seafood-worldwide/ 

[8] Statista Team. Fish & Seafood – Worldwide. Statista 2024. 
https://www.statista.com/outlook/cmo/food/fish-seafood/worl
dwide 

[9] Akhila DS, Priyanka A, Kavitha GM, Sadanand DA, Vijay 
KRS, Faisal RS, Kawkabul S, Pavan KD, Yesim O, Fatih O. 
Seafood processing waste as a source of functional 
components: Extraction and applications for various food and 
non-food systems. Trends Food Sci Technol 2024; 145: 
104348. 
https://doi.org/10.1016/j.tifs.2024.104348 

[10] Abu-Sbeih KA, Al-Mazaideh GM, Al-Zereini WA. Production 
of medium-sized chitosan oligomers using molecular sieves 
and their antibacterial activity. Carbohydr Polym 2022; 295: 
119889.  
https://doi.org/10.1016/j.carbpol.2022.119889 

[11] Kaya M, Akyuz B, Bulut E, Sargin I, Eroglu F, Tan G. 
Chitosan nanofiber production from Drosophila by 
electrospinning. Int J Biol Macromol 2016; 92: 49-55.  
https://doi.org/10.1016/j.ijbiomac.2016.07.021 

[12] Li H, Hao MX, Kang HR, Chu LQ. Facile production of 
three-dimensional chitosan fiber embedded with zinc oxide 
as recoverable photocatalyst for organic dye degradation. Int 
J Biol Macromol 2021; 181: 150-159. 
https://doi.org/10.1016/j.ijbiomac.2021.03.157 

[13] Trung TS, Van Tan N, Van Hoa N, Minh NC, Loc PT, 
Stevens WF. Improved method for production of chitin and 
chitosan from shrimp shells. Carbohydr Res 2020; 489: 
107913.  
https://doi.org/10.1016/j.carres.2020.107913 

[14] Kumar N, Neeraj, Pratibha, Petkoska AT. Improved shelf life 
and quality of Tomato (Solanum lycopersicum L.) by using 
chitosan-pullulan composite edible coating enriched with 
pomegranate peel extract. ACS Food Sci Technol 2021; 1(4), 
500-510. 
https://doi.org/10.1021/acsfoodscitech.0c00076 

[15] Ahmed KBM, Khan MMA, Siddiqui H, Jahan A. Chitosan and 
its oligosaccharides, a promising option for sustainable crop 
production-a review. Carbohydr Polym 2020; 227: 115331.  
https://doi.org/10.1016/j.carbpol.2019.115331 

[16] Hsu CY, Ajaj Y, Mahmoud ZH, Ghadir GK, Alani ZK, Hussein 
MM, Hussein SA, Karim MM, Al-khalidi A, Abbas JK, Kareem 
AH. Adsorption of heavy metal ions use chitosan/graphene 
nanocomposites: A review study. Results Chem 2024; 7: 
101332.  
https://doi.org/10.1016/j.rechem.2024.101332 

[17] Tong JJ, Zhang H, Wang J, Liu Y, Mao SY, Xiong BH, Jiang 
LS. Effects of different molecular weights of chitosan on 
methane production and bacterial community structure in 
vitro. J Integr Agric 2020; 19(6): 1644-1655. 
https://doi.org/10.1016/S2095-3119(20)63174-4 

[18] Sewwandi KAHS, Nitisoravut R. Nano zero valent iron 
embedded on chitosan for enhancement of biohydrogen 
production in dark fermentation. Energy Rep 2020; 6(9): 
392-396.  
https://doi.org/10.1016/j.egyr.2020.11.225 

[19] Saputra HA. Electrochemical sensors: basic principles, 
engineering, and state of the art. Monatsh Chem 2023; 154: 
1083-1100. 
https://doi.org/10.1007/s00706-023-03113-z 

[20] Jannath KA, Karim MM, Saputra HA, Seo KD, Kim KB, Shim 
YB. A review on the recent advancements in nanomaterials 
for nonenzymatic lactate sensing. Bull Korean Chem Soc 
2023; 44(5): 407-419.  
https://doi.org/10.1002/bkcs.12678 

[21] Saputra HA, Ashari A, Karim MM, Sahin MAZ, Jannath KA. 
Chitosan-based electrochemical biosensors for lung cancer 
detection: A mini-review. Anal Chem Lett 2023; 13(4): 
337-354. 
https://doi.org/10.1080/22297928.2023.2252425 

[22] Zaber AZ, Mou MA, Pervin A, Karim M, Tajwar A, Asim MH, 
Salim M, Mamun AA. Antimicrobial activity of natural 
compounds from Kalanchoe crenata against pathogenic 
bacteria. Clin Microbiol Infect 2019; 4: 1-4. 
https://doi.org/10.15761/CMID.1000162 

[23] Xiang W, Cao H, Tao H, Jin L, Luo Y, Tao F, Jiang T. 
Applications of chitosan-based biomaterials: From 
preparation to spinal cord injury neuroprosthetic treatment. 
Int J Biol Macromol 2023; 230: 123447.  
https://doi.org/10.1016/j.ijbiomac.2023.123447 

[24] Sharma C, Bhardwaj NK, Pathak P. Static intermittent 
fed-batch production of bacterial nanocellulose from black 
tea and its modification using chitosan to develop 
antibacterial green packaging material. J Clean Prod 2021; 
279: 123608.  
https://doi.org/10.1016/j.jclepro.2020.123608 

[25] Vázquez JA, Noriega D, Ramos P, Valcarcel J, 
Novoa-Carballal R, Pastrana L, Reis RL, Pérez-Martín RI. 
Optimization of high purity chitin and chitosan production 
from Illex argentinus pens by a combination of enzymatic and 
chemical processes. Carbohydr Polym 2017; 174: 262-272. 
https://doi.org/10.1016/j.carbpol.2017.06.070 

[26] Hossain MS, Iqbal A. Production and characterization of 
chitosan from shrimp waste. JBAU 2014; 12(1): 153-160. 
https://doi.org/10.22004/ag.econ.209911 



26  Journal of Research Updates in Polymer Science, 2023, Vol. 12 Karim et al. 

[27] Parthiban F, Balasundari S, Gopalakannan A, Rathnakumar 
K, Felix S. Comparison of the quality of chitin and chitosan 
from shrimp, crab and squilla waste. Curr World Environ 
2017; 12: 672. 
https://doi.org/10.12944/CWE.12.3.18 

[28] Naghdi M, Akram Z, Keikhosro K. A sulfuric–lactic acid 
process for efficient purification of fungal chitosan with intact 
molecular weight. Int J Biol Macromol 2014; 63: 158-162. 
https://doi.org/10.1016/j.ijbiomac.2013.10.042 

[29] Wang W, Shuqin B, Shuqing L, Wen Q. Determination of the 
Mark-Houwink equation for chitosans with different degrees 
of deacetylation. Int J Biol Macromol 1991; 13(5): 281-285. 
https://doi.org/10.1016/0141-8130(91)90027-R 

[30] Muley AB, Chaudhari SA, Mulchandani KH, Singhal RS. 
Extraction and characterization of chitosan from prawn shell 
waste and its conjugation with cutinase for enhanced 
thermo-stability. Int J Biol Macromol 2018; 111(2018): 
1047-1058.  
https://doi.org/10.1016/j.ijbiomac.2018.01.115 

[31] Narudin NA, Hakimah AHM, Eny K, Anwar U. Chitin, 
chitosan, and submicron-sized chitosan particles prepared 
from Scylla serrata shells. Mat Int 2020; 2(2): 139-149. 
https://doi.org/10.33263/Materials22.139149 

[32] Pambudi GB, Ita U, Harmami H, Suprapto S, Fredy K, Yatim 
LN. Synthesis of water-soluble chitosan from crab shells 
(Scylla serrata) waste. In AIP Conference Proceedings, vol 
2049, no. 1. AIP Publishing, 2018. 
https://doi.org/10.1063/1.5082491 

[33] Karnila R, Loekman S, Humairah S. The use of different 
deacetylation temperature toward quality of Chitosan Mud 
Crab Shell (Scylla serrata). In IOP Conference Series: Earth 
and Environmental Science 2021, November; (Vol. 934, No. 
1, p. 012092). IOP Publishing. 
https://doi.org/10.1088/1755-1315/934/1/012092 

 

[34] Cho YI, No HK, Meyers SP. Physicochemical characteristics 
and functional properties of various commercial chitin and 
chitosan products. J Agric Food Chem 1998; 46(9): 3839- 
3843. 
https://doi.org/10.1021/jf971047f 

[35] No HK, Kyung SL, Samuel PM. Correlation between 
physicochemical characteristics and binding capacities of 
chitosan products. J Food Sci 2000; 65(7): 1134-1137. 
https://doi.org/10.1111/j.1365-2621.2000.tb10252.x 

[36] Nessa F, Masum SM, Asaduzzaman M, Roy SK, Hossain, 
MM, Jahan, MS. A process for the preparation of chitin and 
chitosan from prawn shell waste. BJSIR 2010; 45(4): 
323-330.  
https://doi.org/10.3329/bjsir.v45i4.7330 

[37] Arcidiacono S, Kaplan DL. Molecular weight distribution of 
chitosan isolated from Mucor rouxii under different culture 
and processing conditions. Biotechnol Bioeng 1992; 39(3): 
281-286.  
https://doi.org/10.1002/bit.260390305 

[38] Tokatlı K, Demirdöven A. Optimization of chitin and chitosan 
production from shrimp wastes and characterization. J Food 
Process Preserv 2018; 42(2): 1-13.  
https://doi.org/10.1111/jfpp.13494 

[39] Varun TK, Senani S, Jayapal N, Chikkerur J, Roy S, 
Tekulapally VB, Gautam M, Kumar N. Extraction of chitosan 
and its oligomers from shrimp shell waste, their 
characterization and antimicrobial effect. Vet World 2017; 
10(2): 170-175.  
https://doi.org/10.14202%2Fvetworld.2017.170-175 

[40] Takarina ND, Indah AB, Nasrul AA, Nurmarina A, 
Saefumillah A, Fanani AA, Loka KDP. Optimisation of 
deacetylation process for chitosan production from red 
snapper (Lutjanus sp.) scale wastes. J Phys Conf Ser 2017; 
812: 1-5.  
https://doi.org/10.1088/1742-6596/812/1/012110 

 
Received on 18-05-2024 Accepted on 16-06-2024 Published on 02-07-2024 
 

https://doi.org/10.6000/1929-5995.2024.13.03 
 

© 2024 Karim et al. 
This is an open-access article licensed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the work is properly cited. 
 


