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Abstract

Kepah clams (Polymesoda erosa) are one of the few aquatic animals that
have a body and are protected by two cupped shells. Many people
consume this shellfish meat, but many of the shells are thrown away by
local people so that they only become waste. It is this shell waste that
needs to be processed properly because it is known that shells are one of
the fishery ingredients that contain chitin. One way to make kepah clams
have a higher economic value is by isolating kepah clams into chitosan.
The purpose of this study was to isolate and characterize chitosan from
mussel shells and to determine functional groups using Fourier infrared
(FTIR). The isolation methods used were deproteination,
demineralization, depigmentation, deacetylation, and chitosan
characterization. The results showed that the yield of the transformation
of chitin into chitosan in cockles was 85.77% and had a brownish-white
powder texture and no odor. The water content in the chitosan of the
clam shells obtained was 1.53%, the ash content was 0.50%, and the
degree of deacetylation obtained was 75%.

Published: April 2024

INTRODUCTION

The kepah clam with the Latin name
Polymesoda erosa is widely consumed, but many of its
shells are thrown away by local people so that they only
become waste (1). This shellfish waste needs to be
processed properly. Several previous studies have
stated that shellfish is one of the fishery materials that
contains chitin (2). The nature of chitin, which is non-
toxic and easily degraded, encourages chitin
modification with the aim of optimizing its use and
expanding the field of chitin applications. One
compound derived from chitin that has been widely
developed because of its wide application is chitosan

3).

Chitosan is a cationic polymer that can bind
strongly to anionic cargo, such as glycoproteins, in the
mucosal layer. Chitosan is formed when the acetyl
group in chitin is substituted by hydrogen to become an
amine group (4). Chitosan can be used as a gelling agent

in hydrogel or gel preparations (5). Apart from that,
chitosan can be used as an adhesive agent, which can be
used in mucoadhesive preparations. Apart from that,
chitosan also has antimicrobial, preservative,
anticholesterol functions and is still being developed in
various kinds of research because of its many functions

(6,7).

In general, chitosan isolation consists of
separating deproteinized proteins, demineralized
minerals, and depigmented pigments, while to obtain
chitosan, it is continued with the deacetylation process
(8). Chitosan has great potential to be used as a
preservative because it has positively charged
polycations that can inhibit microbial growth (9).
Chitosan can be obtained from several animal shells,
such as shrimp, lobster, crab, snail, feather shellfish, and
so on. Fur shellfish waste has not been used so far. These
clam shells can be processed into something of higher

economic value, namely, chitosan.


mailto:ridwanto@umnaw.ac.id

Indonesian Journal of Science and Pharmacy, Vol 1 Issue 3, April, Page 100-107

e-ISSN 3025-5244

Several studies on chitosan, namely the isolation
of seashell (Anadara antiquata) shells, among others,
produced chitosan with a degree of deacetylation of
90% (10). Isolation of chitosan from tofu clam shells,
which obtained the percentage degree of deacetylation,
which was 88.75% (11). The aim of this research is to
isolate and characterize chitosan from kepah shells
(Polymesoda erosa) and to determine the functional
groups using Fourier transform infrared (FTIR).

METHODS

Sample

Kepah clam shell waste was obtained from the
Percut Sei Tuan area, Deli Serdang District, in the
amount of 4 kg, and then the waste was washed with
clean, running water to remove the impurities contained
in the shells. Then the shells are dried in the sun until
completely dry. After drying, the samples were ground
using a spice grinder, then sieved using a 40-mesh sieve
until they had a powder-like texture.
Procedure for isolating chitin into chitosan
Deproteination

The deproteination process is carried out with
the strong base NaOH. The protein will dissolve in the
NaOH solution. The deproteination process aims to
break the bonds between protein and chitin. Previously,
the shell powder resulting from the sieve was reacted
using 4% NaOH in a beaker with a ratio of 1:10 (w/v),
heated to a temperature of 100°C for 1 hour using a
magnetic stirrer, and then cooled. Next, the shell
powder was filtered using filter paper and neutralized
with distilled water to pH 7, then dried in an oven at
60°C for 4 hours. The residue obtained after drying is
then cooled and weighed (12),
Demineralization

This process aims to remove the compounds
and mineral components contained in the shells. The

deproteinized shell powder was reacted with 2N HCl in

a beaker with a ratio of 1:5 (w/v) using a magnetic
stirrer for 1 hour at a temperature of 100°C. Next, the
shell powder was filtered using filter paper and
neutralized with distilled water to pH 7. The resulting
solid was dried in an oven at 60°C for 4 hours. The
residue obtained after drying is then weighed (13)
Depigmentation

The demineralized shell powder was reacted
with 4% NaOCl in a beaker with a ratio of 1:10 (w/v) for
1 hour at room temperature. The shell powder was then
filtered using filter paper and neutralized with distilled
water to pH 7. The resulting solid was dried in an oven
at 60°C for 4 hours. The residue obtained after drying is
then cooled and weighed (13).
Deacetylation of Chitin to Chitosan

The depigmented shell powder was reacted
with 50% NaOH in a beaker with a ratio of 1:20 (w/v)
for 1 hour at a temperature of 100°C. After the
temperature cools, it is filtered and neutralized with
distilled water to pH 7. The resulting solid is dried in an
oven at 100°C for 80 minutes until it becomes powder.
The residue obtained after drying is then cooled and
weighed (14).
FTIR Test

Identification using FI-IR (Fourier Transform
Infra Red) can prove the presence of chitin and chitosan;
the isolation results can be analyzed by making pellets
with KBr and then observing the IR spectrum with FI-
IR..
Characterization of Kepah Shell Chitosan

Chitosan characterization can be done in the
following ways: organoleptic  (texture, color),
transformation of chitin into chitosan, water content, ash
content, solubility level of chitosan, and degree of
deacetylation.
Organoleptic

Kepah clam shell powder that has gone
through the demineralization, deproteination, and
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deacetylation processes is seen for its texture and color
to see whether it meets the values of the Indonesian
National Standard.
Rendement

The yield of chitin transformation into chitosan
can be determined based on the percentage of the
weight of chitosan produced to the weight of chitin
obtained (15).
Water content

As much as 0.5 grams of chitosan can be put
into a porcelain cup whose empty weight is known.
Then the chitosan was placed in an oven at 105°C for 2
hours, then placed in a desiccator for 30 minutes, and
then weighed (16). This treatment can be carried out
until the weight remains constant. Water content can be

calculated using the following equation:

% Water content = x 100%
Information :

A =weight of container + wet sample (g)

B = weight of container + dry sample (g)

C =wet sample weight (g)
Ash Content

A total of 0.5 grams of chitosan was put into a

crucible cup whose empty weight was known. Then the
chitosan is heated in a furnace at 500°C for up to 4 hours
until it completely turns to ash (Pratiwi & Ridwanto,
2022). The ashed chitosan is then put into a desiccator

until room temperature and then weighed. Ash content

can be calculated using the following equation:

0% Ash Content = %xlnn%

Information :
A =weight of container + wet sample (g)
B = weight of container + dry sample (g)
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C = wet sample weight (g)
Chitosan Solubility
Chitosan was dissolved in acetic acid with a
concentration of 2% in a ratio of 1:100 (g/ml) and stirred
until homogeneous (15).
Degree of Deacetylation

The chitosan that was obtained was tested
using FTIR spectroscopy, and the resulting peak was
compared with the peak of commercial chitosan. Based
on the peak obtained, the degree of deacetylation is then
calculated by comparing the absorbance wavelength of
the amide group with the absorbance wavelength of the
amine group (17).

RESULT AND DISCUSSION
Isolation of Kepah Shellfish Chitosan

Kepah clam shell waste taken in the Percut Sei
Tuan area, Deli Serdang district, first started with
sample preparation. 4 kg of kepah clam shells yields 3.5
kg of powder. The results of deproteination showed a
decrease in sample weight, and the final result was 90.26
g with a yield of 90.26%. The results of the
demineralization process showed a decrease in sample
weight of 39.11% after deproteination. From the results
of the depigmentation process, the sample weight was
3268 g compared to the sample weight after the
demineralization process, namely 33.72 g. The
depigmentation results showed that the weight of the
sample decreased by 96.92% after the depigmentation
process.
Testing the Purity of Chitosan Isolated from Kepah
Shellfish Using FTIR

The results of the isolation of feather clam

chitosan using FI-IR analysis can be seen in Figure 1.
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Figure 1. FTIR Analysis Results of Kepah Shellfish Chitosan

Chitosan Characterization
The chitosan results obtained from the gradual

isolation process were then characterized in several

specific ways. Chitosan Isolation and Characterization
Results can be seen in  Table 1

Table 1 Chitosan Isolation Characterization Results and Comparison with SNI

Specification

Shellfish (Polymesoda erosa)

Indonesian national standards
(SNI)

Organoleptic (Color,
Texture, odor)

Light brown, powder, no odor

Light brown to white, Fine flakes and
powder, no odor

Water content 1,53% <12%
Ash content 0,50% <5%
Solubility of chitosan in acid Soluble Soluble
Degree of deacetylation 75% >75%

The deproteination process is carried out
to remove the protein contained in kepah clam
shell powder. In this process, the proteins
contained in the kepah clam shell are kept in an
alkaline environment so that the proteins that are
covalently bound to the chitin functional groups
will be separated. The use of a NaOH solution
with a high concentration and temperature will be
more effective in removing proteins and causing
the deacetylation process to occur. The kepah
shellfish produced from the sieving process is 100
grams. The results of deproteination showed a
decrease in sample weight and the final result was

86.21 g and a yield of 86.21% was obtained.

Based on the results of research that has
been carried out, the mineral separation process is
characterized by the formation of CO; in the form
of air bubbles when the HCI solution is added to
the sample, so that the addition of HCl is carried
out gradually so that the sample does not
overflow.From the de-mineralization process, the
kepah shellfish obtained a sample weight of 33.72
g compared to the sample weight after the
deproteinization process, namely 86.21 g. The
results of the demineralization process showed a
decrease in sample weight of 39.11% after

deproteinization.
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This shows that degradation of the
mineral content contained in the sample has
occurred. The demineralization process plays an
important role in chitin isolation. The results of
this process greatly influence the quality,
especially in determining the ash content. The
lower the chitin ash content obtained, the better
the quality of the chitin produced.

The depigmentation process of kepah
clams is based on the results of research that has
been carried out. The release of color pigments
contained in the sample is marked by a change in
the color of kepah clam shell powder, which was
originally gray to white. The addition of NaOCI
will cause the carotenoid compounds contained in
chitin to dissolve, resulting in a change in the
color of the residue from gray to white.
Depigmentation aims to provide an attractive
appearance to the resulting chitosan product.
From the results of the depigmentation process,
the sample weight was 32.68 g compared to the
sample weight after the demineralization process,
namely 33.72 g. The results of the depigmentation
process showed a decrease in sample weight of
96.91% after demineralization.

Based on the results of the research that
has been carried out, the purity test results of
kepah shell chitosan isolated using infrared
spectrophotometry show that there is absorption
at a wave number of 3460.30 cm! (O-H and N-H
amines). There is absorption at wave number
297231 cm?! (C-H). Furthermore, there is
absorption at wave number 1768.08 cm? (C=0).
Absorption at wave number 1078.21 cm? (C-O-
C). The quality of chitosan can be determined by

the percentage degree of deacetylation. In this
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study, a deacetylation degree of 75% was
obtained in kepah clam chitosan.

Organoleptic testing, or sensory testing, is
a method of testing using the human senses.
Organoleptics have a very important role in
implementing quality. With the organoleptic
characteristics of chitosan, it can provide an
indication of quality deterioration and other
damage. At this organoleptic stage, what is seen is
the color, texture, and smell of the chitosan that
has been isolated after the sample powder has
gone through the processes of deproteination,
demineralization, and deacetylation of chitin to
become chitosan.

The color of the isolated chitosan is light
brown. This meets SNI requirements, where good
colors for chitosan range from light brown to
white. Meanwhile, the chitosan texture is like
flakes. The isolated ki-tosan does not produce an
odor that disturbs the sense of smell; it can even
be said to be odorless. This can be interpreted as
having met SNI requirements where good
chitosan does not cause odors.

The transformation rate of chitin into
chitosan is determined based on the weight
percentage of chitosan produced compared to the
weight of chitin obtained. The transformation rate
of chitin into chitosan in kepah clams is 85.77%,
has a brownish-white powder texture, and is
odorless. The water content of chitosan is
influenced by the humidity of the air around the
storage area because chitosan easily absorbs water
vapor and the surrounding air. The chitosan
polymer groups (amine, N-acetyl, and hydroxyl
groups) will hydrogen bond with H>O from the
air (18). SNI for Non-Food Fishery Products

stipulates that the quality standard for water
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content in chitosan is < 12%. From the table, it is
known that the water content of the kepah shell
chitosan that was obtained was 1.53%. These
results indicate that the water content of the
isolated chitosan that was obtained met the
predetermined requirements and did not exceed
the maximum limit of chitosan quality standards.

The water content is not influenced by the
concentration of NaOH or temperature during the
ongoing deacetylation process. The water content
contained in chitosan is influenced by the drying
process, the length of time the drying is carried
out, the number of samples dried, and the surface
area where the chitosan is dried. The SNI for non-
food fishery products (2013) sets the quality
standard for chitosan ash content at < 5%. From
the table, it is known that the ash content of the
kepah shellfish was 0.50%. These results indicate
that the ash content of the chitosan resulting from
the isolation obtained meets the specified
requirements and does not exceed the maximum
limit of the ki-tosan quality standard.

Chitosan solubility is one of the main
parameters in assessing chitosan quality. The
solubility of chitosan was observed by comparing
the clarity of the chitosan solution with the clarity
of the solvent. The results of this research show
that chitosan can dissolve in 2% acetic acid.
Chitosan can dissolve in weak acids, possibly due
to the bond between the carboxyl group and the
amine group of chitosan. Other factors, such as
temperature and soaking time, also influence the
solubility of chitosan (18). The higher the
solubility of chitosan in 2% acetic acid, the better
the quality of the chitosan produced.

The degree of deacetylation is the most

important parameter to determine the level of

purity of chitosan. The degree of deacetylation
indicates the presence of acetyl groups that can be
removed from chitin to produce chitosan. A high
degree of deacetylation indicates that the acetyl
groups contained in chitosan are low, which
means that the process of deacetylation of chitin
into chitosan has been carried out perfectly. The
SNI for Non-Food Fishery Products (2018)
stipulates that the quality standard for the degree
of deacetylation of chitosan is a minimum of 75%,
and the degree of deacetylation of ki-tosan from
kepah clam shells obtained is 75%, where chitosan
meets the requirements set out in accordance with
the SNIL.
CONCLUSION

The results of kepah clam shell chitosan
obtained a degree of deacetylation of 75%. Which states
that the results meet the requirements of the Indonesian
National Standard, namely % DD of chitosan > 75%.
Based on the results of the characterization of chitosan
from kepah clam shells, it shows a light brown, fine
powder and has no odor. The solubility test shows that
chitosan dissolves in acetic acid. The water content and
ash content obtained were 1.53% and 0.50%,
respectively.
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