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Impact of soaking duration on chitosan yield
and functional properties from shrimp shell

ABSTRACT

This study investigates the effect of varying soaking times on the production of chitosan from shrimp shells. A
sample of fresh shrimp shells was obtained from a market in Malacca, Malaysia, and pre-treated by washing,
drying, and pulverizing into a homogeneous powder. The synthesis process involved three primary steps:
demineralization, deproteinization, and deacetylation. Each step was executed under different conditions for
four samples (S1-S4) to examine the impact of soaking duration on chitosan yield and properties.
Demineralization was achieved using 1 M HCI, while deproteinization involved treatment with 1 M NaOH, both
with varying soaking times. Deacetylation was conducted with 12.5 M NaOH at different temperatures and
durations. The resultant chitosan was characterized using Fourier Transform Infrared (FTIR) spectroscopy, X-ray
diffraction (XRD), and UV-Vis spectroscopy. The FTIR spectra confirmed the presence of characteristic chitosan
functional groups, with higher degrees of deacetylation (DD%) corresponding to increased soaking times. XRD
analysis indicated an amorphous structure for all samples, with S4 displaying the lowest crystallinity at the
highest DD%. UV-Vis analysis confirmed that all samples were soluble in 1% acetic acid, suggesting good purity.
The findings demonstrate that while soaking times affect the DD% and crystallinity of chitosan, all samples
remained soluble and suitable for further applications. This work demonstrates that while soaking times affect
the DD% and crystallinity of chitosan, all samples remained soluble and suitable for further applications. This
study provides insights into optimizing chitosan production with variations in soaking time conditions.
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INTRODUCTION
Chitin and chitosan are both non-toxic, biocompatible, and biodegradable biopolymers. Additionally,
they act as antimicrobial and hydrating agents. They are the second-most abundant natural
polysaccharides on the planet after cellulose and are derived from the exoskeletons of marine
crustaceans such as crabs , lobsters 2, shrimp 3, and squid pens “. Different sources of crustacean shell
waste result in different chitin content. For example, black tiger shrimp (Penaeus monodon) waste has
the highest chitin content . Chitosan is a chitin derivative. In contrast to chitin, chitosan is soluble in
a wide variety of solvents, particularly acidic aqueous solvents, which enables it to act as a cationic
polyelectrolyte. In recent years, chitosan has surpassed chitin as the preferred material due to its
greater tractability during the solution process. Chitosan's applications have been discussed previously
6 and include cosmetics, water engineering, paper manufacturing, textile manufacturing, food
processing, agriculture, photography, and biomedical applications.
There are many literature studies on the preparation of chitin and chitosan from marine sources.
However, two common methods used are the chemical method ® and the biological method 72. The
chemical method involves three different steps: demineralization, deproteinization and deacetylation.
The demineralization step is used to remove the calcium carbonate (CaCOs) in the shell by agitation
using different hydrochloric acid (HCI) concentrations. Traditionally, the process of deproteinization
involved using aqueous solutions of sodium hydroxide (NaOH) or potassium hydroxide (KOH). The
effectiveness of the deproteinization process depends on the temperature, concentration and ratio of
its solution/solvent®. Essentially, in the deproteinization process an alkaline solution is used to
hydrolyze the covalent bonds between the chitin and protein. The end product of this step will
produce chitin °. Deacetylation reactions have also been observed as an adverse reaction during the
demineralization process with high acid concentrations. According to °, to overcome this problem,
mild acid was preferred for use in the demineralization process. During demineralization, the
conditions in terms of pH, time, and temperature will affect the molecular weight °. A high degree of
acetylation was obtained by ° using 0.25 M HCI at room temperature within 15 min.
The objective of this study was to investigate the effect of varying soaking times on the synthesis and
characterization of chitosan derived from shrimp shells. By modifying the soaking times during the
deproteinization and deacetylation stages, the study aims to understand how these changes influence
key properties such as the degree of deacetylation (DD%), crystallinity, and solubility of the resulting
chitosan. The study also employs techniques such as FTIR and XRD to analyze the functional groups
NanoEra
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and structural characteristics of chitosan under different
processing conditions. This investigation will provide insights
into optimizing chitosan production for various industrial and
biomedical applications.

MERHOD

Pre-treated Sample

The 1.5 kg sample of fresh shrimp shells was taken from a market
in Malacca, Malaysia. The first step of synthesizing the chitosan
from the shrimp shells started with washing the crustaceans with
flowing tap water to remove the soil and extraneous matter. The
cleaning process is essential to clean the raw shrimp shell
material before proceeding to the next step. The pre-treatment
steps improved the quality of chitin and chitosan in terms of
minimizing chemical usage and preventing bad odors from the
samples 1. The cleaned shrimp shell sample was dried in a hot
air oven at 90 °C until a constant weight was achieved. Next, the
dried shrimp shell was blended until it was a homogenous-sized
powder using a kitchen blender. In this paper, the
characterization of chitosan sample processing was divided into
three different types of processes which are demineralization,
deproteinization and deacetylation. Table 1 shows the details of
the three stages used for the four different samples.

Table 1. Summary of demineralization, deproteinization, and
deacetylation processes for shrimp shell samples S1, S2, S3, and
S4, detailing the specific conditions for each step.

Process Details

S1: 10 g shrimp shell + 80 ml 1 M HCl,
Stir 5h, RT, 250 rpm, Soak 16h, Ethanol
20 min, Oven 70°C, 8h

S2: Same as S1, Soak 17h
S3: Same as S1, Soak 17h
S4: Same as S1, Soak 17h

Demineralization

S1: Sample + 1 M NaOH (1:10 g/ml), Stir
3h, 80°C, 250 rpm, No soak, Ethanol 10
min, Oven 70°C, 7-8h

S2: Same as S1, Stir 1h, Soak 22h,
Repeat twice

S3: Same as S2, Soak 48h

S4: Stir 1h, 60-70°C, Soak 5 days, Oven
80°C, 10h

Deproteinization

S1: Sample + 12.5 M NaOH (1:30 g/ml),

Stir 2.5h, 115-120°C, No soak, Oven

70°C, 6h

S2: Stir 1h, 100-120°C, Soak 24h, Repeat
Deacetylation twice

$3: Same as S1, Soak 2 days, Oven 80°C,

10h

S4: Stir 2.5h, 70-80°C, Soak 5 days, Oven

80°C, 10h

NanoEra

Demineralization Process

After the pre-treatment of the sample, the process continued
with the demineralization process by adding 1 M HCl to the dried
sample powder with a 1:10 solid-to-solvent ratio, w/v. The
stirring process proceeded at room temperature under agitation
at 250 rpm for a few hours. Next, the demineralized shells were
filtered using pump filtration and washed with distilled water
until they reached neutral pH. It was important to achieve a
neutralized sample before the next process proceeded. To
further remove impurities from the samples, samples were
bleached by immersing in ethanol for a few minutes and then
drying in an oven at 70 °C until a constant weight was reached.
Figure 1 shows the process of filtration of shrimp shell after HCL
was added into the samples.

Fig. 1. Process of filtration of shrimp shell in
demineralization process.

Deproteinization

The deprotienization process was undertaken by mixing the
dried demineralized powder with 1 M of NaOH solution at a
solid/liquid ratio of 1:10 w/v. The reaction was carried out under
agitation at different temperatures and soaking times for each
of the samples. After the process was completed, the solids were
filtrated and washed with distilled water until neutral pH was
achieved. Then the samples were immersed in ethanol for
further bleaching, and the resulting chitin was dried in an oven
at 70 °C. Figure 2 shows the results from deproteinization of
shrimp shell.

Deacetylation

Deacetylation continued the processing by treating the chitin
with a strong alkaline solution of 12.5 M NaOH at a solid/liquid
ratio of 1:15 (g/mL). The process was achieved by using different
temperatures and soaking times as shown in the Table 1. The
resulting chitosan was filtrated, washed with distilled water until
neutral pH was reached and dried in an oven at 70 °C. This
resulted in the production of chitosan flakes. The deacetylation
treatment produced chitosan which is a soluble polymer in acid
aqueous medium. Figure 3 shows the chitosan flakes produced
after going through the deacetylation process.
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Fig. 3. Chitosan powder prepared from shrimp shell.

RESULTS

Solubility

Chitosan is known to be completely soluble in concentrated
acids and partially soluble in dilute acid solutions. Many studies
presented the solubility of chitosan in acetic acid at 1-2% 2. For
solubility studies, 3 mg of each of the chitosan samples were
dissolved in 3 ml of 1% acetic acid and stirred using a magnetic
stirrer until a homogenous solution was obtained as shown in
Figure 4. From the observations, all of the samples were
completely dissolved in acetic acid. Due to the obvious
protonation of amino groups, chitosan is soluble in aqueous
acids, but it is insoluble in water and most organic solvents, thus
limiting its applications!®. Chitosan's enhanced solubility is
attributed to its structure, which differs significantly from that of
chitin. Through deacetylation, chitosan’s acetyl groups are
partially removed, exposing amine groups (—NH,) that increase
hydrophilicity and enable dissolution in dilute acidic conditions.
Based on the studies from 4, if the solvent/chitosan ratio was
increased, the solubilization time also increased.

Fig.4. Solubility of chitosan (S1-S4) in 1% acetic acid.

FTIR Characterization

The Fourier transform infrared (FTIR) spectra of S1 to S4 in the
400-4000 cm™ range are shown in Figure 5. FTIR studies were
conducted for the different methods (temperatures and soaking
times) used for the four samples. The absorption peaks at
wavenumber 2872.17 cm™ were due to the presence of
methylene and methyl groups in the chitosan structure '°. From
the observations of the samples $1-54, S2 produced a small peak
compared with the other samples. From the results observed, all
of the samples, S1-S4, produced an absorption at wavenumber
1644.49 cm™ which indicates the C=0 stretching vibration. This
result is the same absorption as in *°. Wavenumber 1590.72 cm’
! was indicated for all samples, representing the vibration
absorption NH, groups. Meanwhile, the broad peak at
wavenumber 3261 indicated the presence of three different
stretching groups, as explained in 7. Samples 3 and 4 showed
higher intense peaks which appeared at 1149 cm™ and 1031
cm™, possibly caused by characteristic peaks of C-N stretching
vibration and is evidence of the amine group presence. The
peaks were also similar to the peak found in 8. The decrease in
the intensity of the 1650 cm™ (approximately) band corresponds
to the carboxyl group and reflects a deacetylation process *°.

N-H CH
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Fig.5. Infrared spectra of chitosan of S1-S4.
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The DD is one of the chitosan characterization approaches that
is often discussed in the literature. The most precise technique
to measure DD is nuclear magnetic resonance (NMR)
spectroscopy 2°. However, this technique requires higher costs
compared with other techniques. So the research from 20
presented various calculation techniques based on UV-Vis and
infrared spectroscopy. There is a range of bands of wavelength
that have been chosen to measure the DD 221, |n this paper,
further examination of chitosan DD used infrared spectroscopy.
The DD was determined according to the calculation from 3. The
A1320 and A1420 were the peak areas of 1320 cm™ and 1420
cm?, respectively. The peak at 1320 cm™ is the amide group's
distinctive band. DD can be calculated using the formula in
Equation 1 as follows 3.

on _lazn) 03822 o1

(o] - . .
0.03133

%DDA =100 - %DA

Where, DDA = degree of deacetylation (%),
DA= degree of acetylation (%)

Table 2 represents DD% values of S1 to S4. From the results, S1
has the lowest DD% compared with the others. DD% in this paper
was also found to be similar to 2. During the deproteinization
and deacetylation processes, S1 was not involved in any soaking
treatment with chemicals after the stirring process. The highest
DD% was obtained from S4. The results showed an increase in
DD% when wusing longer soaking times during the
deproteinization and deacetylation processes and higher
temperatures produced a higher DD% (80.4818) compared to
lower soaking times 7!, According to 3, DD% was increased when
the deacetylation process was repeated twice with the aid of
heating elements. In addition, all the samples that were soaked
in HCl solution showed the total bacterial count of treated
samples to be decreased *.

There were three ranges of DD% that were discussed in
whereby the range of 55-70% of DD was classified as a low
deacetylated degree of chitosan, which was entirely insoluble in
water. A deacetylation degree of 70-85% was classified as the
middle deacetylation degree of chitosan. In this paper, the
chitosan was in the area of ~¥80% which may be partly dissolved
in water. Finally, the range of 85-95% accomplished a good
solubility in water and it is known as very high DD of chitosan,
which is difficult to achieve. As DD rises, the chitosan backbone
gains more amino groups, increasing the hydrophilicity of the
chitosan films, and thus S1 (Samplel) increases correspondingly
13 because the higher the DD, the more amino groups there are
in the molecule. The protonation of the -NH, functional group is

vital for chitosan's biological effects and water solubility to show

up &

23
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Table 2. Calculation of DD% for different types of samples.

Sample / Peak Area A1320 A1420 DD%
S1 88.1958 88.1508 80.264
S2 89.8743 90.2305 80.406
S3 92.0779 92.6352 80.472
S4 84.9688 85.5073 80.481

XRD Characterization

The crystalline structures of chitosan were determined by
powder X-ray diffraction (XRD). The patterns indicate a
crystallized structure at 28 = 20°, which is the most intense peak
height for the chitosan sample. This peak occurred in
polymorphic forms in shrimp and crab shells 2%, from the XRD
result as shown in Figure 6. S1 and S3 produced higher intensity
at 020 compared with other samples. It is shown that with
decreasing DD values, the intensity at 020 is higher ¥4, A small
peak was observed near 26 = 30° for S1, which was discussed as
the formation of calcite and calcium phosphate family
interferences 2°. The broad peak observed at both 020 and 110
was similar to 2.

From the results observed, the intensity at 020 reflections
decreased when the DD was increased and moved the second
peak at 110 reflections, and is also decreased when higher DD%
was produced (S4: 80.48 %). This linear relationship between
Crl020 and DD suggested that XRD determines the DD of
macromolecular chitin and chitosan ?*. From the samples soaked
in HCI had lower DD values than unsoaked samples. This might
be caused by the long-term degradation of chitin and chitosan
during the soaking step in the HCI solution. Trung et al. also
observed low degradation of chitin and chitosan caused by the
longer soaking time . These samples are classified as chitosan
based on an 80% degree of deacetylation (DDA). Chitosan is
derived from chitin through deacetylation, where some of the
acetyl groups are removed to expose amine groups (—NH,) on
the polymer chain. This alteration increases the hydrophilicity of
chitosan. Chitosan has a more flexible structure compared to
chitin due to the presence of these free amine groups, which can
interact with water molecules, enabling it to dissolve in acidic
solutions (e.g., dilute acetic acid).

(110)
240004 (020)
20004 N N
e e S4
20000 (020) (11_0) T ————
18000 -| A
S 16000 4 /) /N
o N N
8 14000 4 (110) eS8
= 120004 (020) A
& 10000 y L
£ 800l \1(110)"( —— Sz
60004  (020) A o
4000 A\ [\
-~ N/
2000 -| had \\‘“-wnmﬁ S1
X | | | —
0 10 20 30 40 50 60 70
Degree (28)
Fig.6. XRD patterns of chitosan films with various degrees of
crystallinity.
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UV-Vis Characterization

In the UV-Vis spectroscopy process, electromagnetic radiation
within the wavelength range of 200-1100 nm is absorbed and
electrons are then excited to higher energy states. The
fabrication into chitosan film was started by dissolving the
samples (S1-S4) in 1% acetic acid at room temperature under
constant stirring. Then the chitosan solutions were obtained by
spin coating the film onto a 2x2 cm glass slide at the same speed.
Figure 7 shows the characteristic chitosan absorption below 300
nm, revealing the presence of chitosan. There was no discernible
difference between the four samples (S1-54), and the spectra
showed very weak absorptions at wavelengths of more than 300
nm.

The wavelength versus absorption curve was plotted, and the
optical band gap energy value was determined using Tauch plot
methods. Tauch plotting is a technique for determining the
optical band gap by examining the linear relationship graph. The
relation between photon energy (hv) and absorption coefficient
(a) was determined by #’as in Equation 2 below:

(ahv) = = k(hv — Eg) Eq.2

Where hv is the photon energy, h is Plank’s constant, Eg is the
optical band gap, k is constant and n is the transition state, i.e.,
direct or indirect transitions. A direct transition occurs when a
photon excites an electron directly from the valence band to the
conduction band if the momentum of electrons and holes in both
bands is identical (conduction and valence). For direct transition,
n = 1/2 is substituted in Equation 2. Figure 8 shows the
determination of the optical gap series for all thin-film chitosan
samples obtained by the straight-line intersection. The
calculated values of bandgap were 4.06 eV for Sample 1, 4.04 eV
for Sample 2, 4.02 eV for Sample 3, and 4.06 eV for Sample 4.
The results attained were higher than the 2 eV which was
reported from 282°_ This could be due to the different thicknesses
and sample preparations of chitosan concentration.
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Fig.7. UV-Vis absorption spectra for different samples of
chitosan (51-54).
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Fig.8. The determination of the optical gap energies of
chitosan sample (a) S1, (b) S2, (c) S3, (d) S4

CONCLUSION

The extracted chitosan from shrimp shells was characterized by
FTIR, XRD, and UV-Vis techniques. Four methods were used to
synthesize chitosan, involving variations in soaking times and
temperatures. The FTIR results showed varying degrees of
deacetylation (DD%) across the samples, with an observed
increase in DD% as the soaking time during demineralization,
deproteinization, and deacetylation processes was extended.
Sample 4 exhibited the highest DD% along with a less crystalline
structure, as determined by XRD analysis. All chitosan samples
were fully soluble in acetic acid, indicating high purity. The XRD
patterns indicated an amorphous structure for all samples,
suggesting that the chitosan can act as a polymer, with sharper
peaks signifying greater crystallinity. The crystallinity of the
chitosan appeared to decrease with increasing DD%, with
Sample 4 (80.48% DDA) displaying the lowest crystallinity.
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