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Abstract. Karnila R, Hasan B, Iriani D, Putra HS, Fauzi M, Zulfarina. 2024. Preparation and characterization of chitosan derived from
slipper lobster (Thenus orientalis). Biodiversitas 25: 4360-4369. Slipper lobster (Thenus orientalis (Lund, 1793)) is a marine fishery
commodity that can be utilized its large carapace (proportion >50%) to be converted into chitosan, but ideal, accurate and rapid
characterization has not been developed in detecting chitosan and its derivatives as potential raw materials for nutraceuticals. In this
study, the proportion and chemical composition of slipper lobster were analyzed, and the carapace of slipper lobster was determined for
the degree of deacetylation of chitin and chitosan, then chitosan was evaluated for glycosidic chains using LCMS-MS from ESI sources.
The method used was descriptive with 3 repetitions. The results showed that the largest proportion of the slipper lobster body was found
in the carapace at 52.98%. The highest mineral content in the carapace is calcium at 752 mg L * and the lowest is phosphorus at 0.36 mg
L and higher than meat. The yield value of chitosan was 31.19% with a deacetylation degree of 80.15%. The glycosidic chain of
chitosan has many amine groups from the structure of the compound 2-Amino-2-Deoxy-D-Glucose Chitosamine and 2-(Aminomethyl)-
N-(3-isopropyl octahydro [1,2,4] triazolo [4,3-a] pyridine-6-il)-1 piperidinekar kotakamida which have high quality chitosan affinity,
but there is a compound 5-Aminomethyl-2,4-Dihydro [1,2,4] Triazol-3-One Hydrochloride and N-[3-Methyl-2-(4-methyl-1-
piperazinyl)-butyl] isoleucinamide hydrochloride which tends to be dissociated and cationized by HCI. Overall, these data suggest the

glycosidic chain of slipper lobster has potential as a raw material for nutraceuticals and functional food ingredients.
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INTRODUCTION

The generation of shrimp squander from the shrimp
preparing industry has expanded in later a long time. The
persistent generation of these biomaterials without suitable
innovation improvement and utilization has come about in
squander transfer and contamination issues (Kozma et al.
2024). One of the less well known shrimps with huge
carapace (£50%) (Ghorbel-Bellaaj et al. 2011) and
potential to contaminate the environment is the shoe
lobster. Hence, from both natural and financial viewpoints,
fitting advances ought to be connected wherever conceivable
to anticipate decay and change over biomaterials into
important items such as the arrangement of chitin and
chitosan from shrimp carapace.

Chitin is a natural biopolymer usually sourced from
crustaceans and contains about 89.59% (Manimohan et al.
2024) and 82.5% from slipper lobster with a deacetylation
degree of 65% reported by Mohan et al. (2021). The degree
of deacetylation of chitosan greatly affects its application,
including biomolecules as carrier substances (Aranaz et al.
2021; Verardi et al. 2023; Mawazi et al. 2024). Therefore,
chitosan has unique physicochemical and biological properties

such as biocompatibility, biodegradability, bioactivity, low
toxicity, mucoadhesion, and structural variability (Jiménez-
GAmez and Cecilia 2020; Hameed et al. 2022; Mura et al.
2022). Chitosan's qualities make it applicable in a variety
of disciplines, including medical, dental care, food
processing chemistry, biotechnology, agriculture, and
environmental protection. Furthermore, because of the
biopolymer structure of natural polysaccharides, which has
many amine groups (NH;) that are reactive to anionic
molecules, it can be used for food raw materials, cosmetics,
animal feed antibacterial, textile, and other pharmaceutical
products (Arora et al. 2021; Xu et al. 2021a; Tavares et al.
2023; Blasi et al. 2023; Azelee et al. 2023; Zhang et al.
2024). Chitosan as a nutraceutical is strategically important
for improving biomolecule stability, bioactivity, and
bioavailability (Imam et al. 2021; Xu et al. 2021b; Picos-
Corrales et al. 2023). However, high-quality chitin and
chitosan must be extracted from the mineralized,
proteinaceous sections of the carapace, which is often done
using a two-step acid-alkali extraction process including
hydrochloric acid and sodium hydroxide (Hisham et al.
2021; Rasweefali et al. 2022). This is because the carapace
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contains numerous mineral components like as calcium
carbonate, protein, and chitin (Pakizeh et al. 2021).

The source of chitin is a challenge in finding the
appropriate conditions for chitin and chitosan extraction
because carapace composition differs between crab species
(Triunfo et al. 2022). Several attempts to optimize chitin
extraction from shrimp, crab, and lobster species have been
made (Ghorbel-Bellaaj et al. 2013; Nguyen et al. 2020;
Mathaba et al. 2020; Azelee et al. 2023; Manimohan et al.
2024; Zhang et al. 2024), but the literature generally favors
the use of randomly selected conditions for decisions on
reagent concentration, reagent volume, reaction temperature,
and reaction time (Journot et al. 2020; Taylor et al. 2023).
This results in extremely high costs and extra chemical
waste, particularly when the reaction is scaled up. For these
reasons, there is still a lack of detailed information on the
optimal circumstances for chitosan structure detection.

Presently, numerous approaches are used to determine
the glycosidic structure of chitosan, including titration,
elemental, spectroscopic (infrared and ultraviolet), X-ray
diffraction, and H NMR studies. Each strategy has its
merits and disadvantages. In this context, spectrometry is
often used to analyze the degree of deacetylation in chitin
and chitosan, but contamination interferes with the ratio
and absorption process, resulting in poorer accuracy (Li et
al. 2019). The acid-base titration method for determining
the degree of deacetylation produces a precipitate, resulting
in less accurate results. Furthermore, because of the
hydrogel attached to the electrode, the H NMR technique is
more sensitive at high deacetylation degree values and
takes longer to complete (Zhang et al. 2005). Therefore, the
LCMS (Liquid Chromatography-Mass Spectrometry)
method is believed to help provide accurate information on
the quality of chitosan more specifically by detecting the
glycosidic chains in chitosan based on each molecular
weight of different compounds. The detection will form
negatively and positively charged ions in the ESI source
(Xue et al. 2022). LCMS/MS is an effective and
quantitative alternative technique for chemical structure
analysis (Gosetti et al. 2013; Sivashankari and Prabaharan
2017; Xue et al. 2022). Thus, the chemical composition
used can be used as a reference for future research because
it obtains accurate data on chitosan profiles (Li et al. 2019;
Xue et al. 2022). The review explores slipper lobster
chitosan's specific characteristics through glycosidic chain,
focusing on biomaterial preparation and potential use for
nutraceuticals, despite limited information on its utilization.

MATERIALS AND METHODS

Ingredients and equipments

The primary material used in this study is slipper
lobster (Thenus orientalis (Lund, 1793)) collected from the
waters of Sibolga, North Sumatera, Indonesia. The slipper
lobster weighs between 50 and 250 g. The chemicals used
for chitin and chitosan include 37% H,SO4 (Smart Lab,
Indonesian), 1 N HCI (Merck, Germany), 3 N NaOH
(Merck, Germany), 30% NaOH, 20% NaOH, methanol
(Merck, Germany), 50% acetonitrile (Merck, Germany),
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DMSO (Merck, Germany), lodomethane (Merck,
Germany). The tools used in this study include vortex,
AAS Atomic Absorption Spectrophotometer (Perkin Elmer
Analyst 100, USA), Fourier Transform Infra Red (FTIR)
spectrophotometer (Shimadzu 21, Japan), centrifuge
(eppendorf 5424 R, Germany), magnetic stirrer (velp
scientifica, Italy), pH meter, LC-MS (Qtof, Japan),
refrigerator (BRP-5V588, China), oven (binder, Germany),
incubator (binder, Germany), stopwatch, grinder (EP200,
China), analytical scales (0.0000 g) (boeckel, Germany),
digital scales (0.00 g) (BC ohaus, Germany), Oasis PRIME
HLB column (30 mg/1 cc; Waters, cat. no. 186008055),
Erlenmeyer 100 mL, Erlenmeyer 1000 mL, beaker,
volumetric pipette, porcelain cup, measuring cup, test tube,
hot plate, glass stirrer, tube rack and tray.

Preparation of raw material

Slipper lobster were obtained from fishermen in
Sibolga, North Sumatra. A total of 10 kg of slipper lobster
measuring 50-250 g/head were sampled and transported on
ice to the Aquatic Biology Laboratory, Faculty of Fisheries
and Marine Sciences, Pekanbaru. The initial stage, the
slipper lobster is separated into carapace, meat, stomach
contents, and others. The carapace is washed using running
water and brushed to remove the remaining meat attached
to the carapace (Putra et al. 2023). The slipper lobster body
is weighed before drying the carapace in an oven at 40°C
for 5 days. Afterwards, the carapace and meat are ground
and analyzed for minerals.

Moisture and ash analysis

Analysis of moisture and ash content was carried out
according to AOAC (2007) procedures. Porcelain cups
were dried in an oven at 105°C for 2 hours. Then, they
were placed in a desiccator for £15 minutes and weighed,
then the samples were crushed using a mortar. As much as
3-4 g into a porcelain cup for the water test and as much as
4-5 g into a porcelain cup for the ash test. For the water
test, the samples were placed in an oven at 102-105°C for
5-6 hours. Afterwards, the samples were placed in a
desiccator for 15 minutes. Then weighed (repeat this
procedure until a fixed weight is obtained). Calculation of
moisture content can be done using the formula:

24 Moisture content = Y x 100%

Description: A: Porcelain cup weight (g); B: Weight of
porcelain cup filled with sample (g); C: Weight of
porcelain cup with dried sample (g)

Furthermore, for the ash test, the sample was burned in
a furnace at 550°C for 3 hours. Next, the cup was cooled in
a desiccator for 30 minutes and weighed. Calculation of ash
content can be done using the formula:

% Ash content = 5 A x 100%
Where: A: Porcelain cup weight (g); B: Weight of cup
with sample (g); C: Weight of cup with combustion sample

(@)
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Mineral analysis

The mineral content of carapace and meat was analyzed
for Ca, K, Fe, Na, Mg and P according to AOAC (2007)
procedure. Samples were weighed 1-2 g into a 200 mL
Erlenmeyer and added 5 mL of 65% nitric acid. Then,
heated in a fume hood (deconstruction) for 30 minutes at
200°C. After that, cool and filtered with Whatman paper
until the solution is clear. Then, diluted with distilled water
to a limit of 80 mL and add 2-3 drops of 50% H.0,
solution. The sample and standard solutions were flowed
into the Atomic Absorption Spectrophotometer with the
wavelength of each mineral type (Ca 422.7 nm; Na 589
nm; K 766.49 nm; Fe 248.3 nm; Mg 400 nm). After the
standard absorbance is obtained, it is connected between
the standard concentration (as the Y axis) and the standard
absorbance (as the X axis) so that a mineral standard curve
is obtained with a linear line equation y = ax + b which is
used for calculating the concentration of the sample
solution. The concentration of the sample solution is
calculated by multiplying a by the absorbance (note: y =
dependent variable; a = slope/gradient; x = independent
variable; and b = constant). The calculation of mineral
content (mg L) wet basis:

ppm readable x f,
W

Mineral content = x 100%

Where: f,,: Dilution factor; W: Sample weight (g)

Chitin and chitosan extraction

Chitosan extraction refers to Suptijah's (2004) approach,
which includes demineralization, deproteinization, and
drying before chitosan is produced through chitin
deacetylation. The refined shrimp carapace is demineralized
with 1N HCI solution (1:7 (w/v)) for 1 hour at £90°C. The
demineralization products are then precipitated by allowing
them to stand, separating solids and liquids. The material
was rinsed three times with distilled water to neutralize the
pH to around 7. The solid was then deproteinized with 3N
NaOH solution (ratio of solid to NaOH solution 1:10 (w/v)
for 1 hour at a temperature of +90°C. The results of the
deproteinization process were then precipitated to separate
the solid and liquid by allowing the solid part to separate
from the liquid. The solid obtained was washed repeatedly
with tap water to neutralize the pH to near pH 7. The solid
was dried in an oven at 60°C for 6 hours. The chitin formed
was analyzed for water content, ash, nitrogen and degree of
deacetylation. Chitosan was obtained by deacetylating
chitin using 30% NaOH solution (ratio of chitin to NaOH
solution 1:2 (w/v)) for 1 hour at a temperature of +100°C.
The deacetylation materials were then precipitated to
separate the solid and liquid components by allowing the
solid to separate from the liquid. The material was rinsed
several times with tap water to neutralize the pH to
approximately pH 7. The solid was dried in an oven at
60°C for 6 hours. The resulting chitosan was examined for
yield (Karnila et al. 2011), degree of deacetylation
(Sanchez-Machado et al. 2024), and glycosidic chain
(Suzuki 2021).
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Measurement of the degree of deacetylation via FTIR

The degree of deacetylation of chitin and chitosan was
analyzed using a Fourier Transform Infra Red (FTIR)
spectrophotometer from the method of Sanchez-Machado
et al. (2024) 2 mg of sample was weighed and 200 mg of
KBr was added, then crushed with a mortar. The mixture
was pressed with 800 kg pressure using a hydraulic pump
tool so that thin pellets were obtained. The pressed pieces
were measured for absorbance at wavelengths of 1655 and
3450 cm™. The highest peak was recorded and measured
from the selected baseline. The absorbance value can be
measured using the formula:

Py
A= logF

Where: A: Absorbance; P: Transmittance at minimum
peak; Po: Transmittance at baseline

The degree of deacetylation (DD%) was calculated by
comparing the absorbance value at wave number 1655 cm-*
(amide band absorption) with wave number 3450 cm™
(hydroxyl band absorption). Undeacetylated chitin and
chitosan resulted in a comparison value of A1655/A3450 =
1.33. The degree of deacetylation can be calculated with
the following equation:

Aq6s5 1
DD% = 100 — ( —)]
% [ Asrso 1,33

Where: A1655: Absorbance at a wavelength of 1655
cmt; A3450: Absorbance at a wavelength of 3450 cm?;
1.33: Constant

The glycosidic chain of chitosan

Based on the molecular weight of the glycosidic chain
as determined by LC-MS/MS (Liquid Chromatography
Mass Spectrometry) using the ESI (Electrospray lonization)
method, the chitosan chemical content of slipper lobster
carapace was calculated, according to the protocol (Suzuki
2021). Using a Hydrophilic-Lipophilic-Balanceid (HLB)
mobile phase, samples were produced by Solid Phase
Extraction (SPE). The mobile phase was conditioned using
methanol solution prior to LCMS readings. Nanocytosan
samples, 0.1-0.2 g were crushed in a mortar, 50
MLNaOH/DMSO (super dehydration) was added, and
vortexed for 2 min. After that, 15 pL of iodomethane was
added and vortexed again for 1 minute and centrifuged at
150 rpm for 1 minute. Then the supernatant was taken and
20 pL of 50% acetonitrile was added and centrifuge 1 min
at 150 x g, 25°C. Discard the waste and repeat twice. The
sample was inserted in Water's Column Packagec as a
syringe containing stationary phase then eluted with
methanol. 1-5 pL/injection for in LCMS (flow rate: 0.2
mL/min column oven: 50°C fluorescence detector: Ex: 315
nm, Em: 400 nm) and the resulting chromatogram was then
read using the MassLynx V4.1 program to determine the
mass spectrum, molecular weight, and molecular formula.
The compound names and chemical structures were
identified using the Chemspider chemical website.
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Analysis data

The research was divided into 3 stages, namely (i)
preparation of raw materials and making slipper lobster
carapace flour and analyzing the proportion and chemical
composition, (ii) extraction of shrimp carapace chitin,
chitosan, and analyzing the degree of deacetylation, (iii)
chitosan glycosidic chain analyzed using LCMS. Each
treatment was repeated 3 times, then analyzed by
descriptive analysis and tabulated in the form of figures,
tables and graphs using the Statistical for Social Science
(SPSS) version 26 program (SPSS, 2022) and MassLynx
V4.2

Characterization of slipper lobster

The slipper lobster (T. orientalis) used in this study was
a consumption size. The average length of the slipper
lobster used ranged from 15.2-24.7 cm. The morphological
characteristics of slipper lobster can be seen in Figure 1.

The dorsal slipper lobster is darker, dark brown with a
rough skin surface and black spots on the head compared to
the ventral position which is lighter, light brown and the
body to the tail is pink. The morphology of the slipper
lobster body, the head (cephalothorax) is flat and wide
(flathead) similar to the shape of a shrimp, flatter, harder
and thicker than the body. The body or abdomen is
segmented, covered with small, hard spines and covered in
lime, then the tail (telson) is upright and has eight legs
(Lavalli et al. 2019). Differences between female and male
sex in slipper lobster seen that females have larger
pleopods, equipped with hairs (setae), larger size, wider
abdomen, longer tail and brighter color than male slipper
lobster (Holthuis 1985; Kabli and Kagwade 1996; Pratiwi
2011; Kizhakudan 2014; Lavalli et al. 2019). Thus, the
unique morphology and physical characteristics of slipper
lobster that have been described provide a strong basis for
further utilization, as reported by Teoh et al. (2023) that
there is L-glutamic acid in slipper lobster (T. orientalis)
that can be utilized as a functional food. Furthermore,
Mergelsberg et al. (2019) reported, there are 7 body parts in
lobster (H. americanus), namely legs, dominant chela,

Figure 1. Slipper lobster (Thenus orientalis (Lund, 1793))
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cephalon, non-dominant chela, thorax, abdomen, and
uropods have been investigated, having differences in
chemical composition of a good biomineralization process.
Therefore, it is necessary to further analyze the great
potential in slipper lobster for wider industrial applications.

Components of the body of slipper lobster

The slipper lobster's body consists primarily of flesh,
carapace, gonads, and food waste. Meat is a part of the
shrimp body that is protected by a thick carapace coating.
The gonads are yellow and placed below the abdomen.
Food waste is a component of the digestive tract, intestines,
and stomach. Figure 2 and Table 1 depict the components
of shrimp and their relative proportions.

Overall, the proportion of carapace, meat, gonad and
food waste is 13:8:2:1 (w/w). Carapace is the largest part,
which covers 52.98% of the total weight of shrimp;
followed by meat (35.06%), gonad (7.79%) and food waste
(4.17%). Compared with other types of crustaceans, the
percentage of carapace of slipper lobster is higher than that
of shrimp carapace in general, around 40% (Dai et al.
2023) and crab shells, which is 43.15% (Kraisangsri et al.
2018). Thus, the carapace of slipper lobster is richer in
biomass as a source of chitin and chitosan than shrimp and
crab. Furthermore, compared to the differences in species
(Thenus indicus Leach, 1816) and habitat, the slipper
lobster in this study were more commercial and had a
higher population density of 2.02 ha? compared to the
slipper lobster reported by several researchers, namely 1.78
ha (Jones 1993; Modayil et al. 2008).

Table 1. Presentation of body parts of slipper lobster (T.
orientalis)

Percentage of

Body parts of slipper lobster Weight (g) weight (%)
Carapace 70.59+19.25 52.98+14.54
Meat 46.72+13.47 35.06+10.17
Gonad 10.38+3.80 7.79%2.94
Food waste 5.56+4.75 4.17+3.59
Total 133.25+41.27 100

Figure 2. Body parts of slipper lobster. A. Meat; B. Carapace; C.
Gonad; D. Leftover food waste
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Table 2. Mineral content of carapace and meat of slipper lobster
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Table 3. Yield of chitin and chitosan of slipper lobster

Content (dry weight) Carapace Meat Component Yield (%)
Moisture (%) 2.26+0.05 - Carapace flour 28.71+0.04
Ash (%) 53.66+0.06 - Chitin 39.26+2.04
Potassium (mg L) 55.07+£0.14 29.70+0.02 Chitosan 31.19+1.97
Magnesium (mg L) 37.12+0.11 0.67+0.52
Calcium (mg L) 752.34+1.07 0.86+0.01
Sodium (mg L) 136.82+1.11 7.25+0.27
Iron (mg L% 12,28+0.20 0.12+0.80
Phosphorus (mg L) 0.36+0.06 0.004+0.00

Note: (-) not determined

Chemical content of slipper lobster

Table 2 provides a chemical analysis of the slipper
lobster carapace and meat. The chemical composition of
carapace was found to be high in calcium (752.34 mg L%),
but flesh was high in potassium (29.70 mg L™). This
calcium level is lower than that of the typical shrimp
carapace, which is 61359.70 mg L* (Al Hogani et al.
2021), making deacetylation easier during chitosan
extraction. The carapace mineral levels in this study were
similar to those of slipper lobster reported by Putra et al.
(2024) who obtained most of the minerals in the form of
the highest calcium, 766.87 mg L™ and Sagheer et al.
(2009) reported, a small portion in the form of calcium
phosphate (CasPO.) and the lowest iron (Fe) content of
2.44 mg L. Therefore, the mineral content of the carapace
is higher than that of the meat, which indicates the large
amount of minerals formed in the carapace, such as Ca, K,
Na, Mg, Fe and P (Sagheer et al. 2009; Ghorbel-Bellaaj et
al. 2011; Rasti et al. 2017; Arasukumar et al. 2019). The
reason is also proven by the high ash content of 53.66%
(Table 2). Another reason is supported by Pakizeh et al.
(2021) that shrimp carapace contains three main
components, namely 15-40% a-chitin, 20-40% protein, and
20-50% CaCOs.

Yield of chitin and chitosan

The percentage of chitin and chitosan extracted from
carapace flour is referred to as yield. Table 3 shown in the
percentage yield of carapace flour, chitin, and chitosan.
The yields of chitin and chitosan were 39.26% and 31.19%
respectively. Chitin yield in this study was relatively high
from slipper lobster, namely 17.50%, small crab, namely
21.25% (Mohan et al. 2021), Panaeus monodon Fabricius,
1798 shrimp, namely 30% (Srinivasan et al. 2018), Thenus
unimaculatus Burton & Davie, 2007, namely 35%
(Arasukumar et al. 2019), sand sea cucumber, namely
20.13% (Sumarto et al. 2020) and fish scales, namely
31.11% (Alabaraoye et al. 2017). Furthermore, the chitosan
yield in this study was also relatively high compared to the
type of crab, namely 20.64% (Syukron et al. 2016),
butterfly shrimp, namely 27.51% (Ghazali 2019), Vanname
shrimp, namely 19.5% (Yuliasara 2019), and tiger shrimp,
namely 14% (Cahyono 2018). The yield of chitin and
chitosan in fishery products is greatly determined by the
type of material, the amount of mineral content and protein
hydrolyzed by acids and bases.

Figure 3. A. Chitin, B. Chitosan

Physical characteristics of chitin and chitosan

Dried and ground shrimp carapace was extracted
through deproteination and demineralization processes to
produce chitin, and then deacetylated (-CH3;CO) to produce
chitosan. The characteristics of chitin and chitosan are
shown in Figure 3.

Chitin and chitosan are light brown in color, with a
smoother texture, slightly lumpy, and odorless. These
changes are caused by demineralization, deproteinization,
and deacetylation processes with HCI and NaOH, which
result in a condensation reaction that hydrolyzes the N-
acetylglucosamine monomer, making chitin and chitosan
smoother, whiter, and odorless (Zhang et al. 2021). The
color properties of chitin and chitosan in this study fulfilled
the criteria, ranging from light brown to white (SNI 7948
and 7949: 2013).

Degree of deacetylation of chitin and chitosan

The degree of deacetylation of chitin was 60.56% and
chitosan was 80.15%. In this study, the degree of
deacetylation of chitin was lower than that of slipper
lobster which was 65%, mantis shrimp 68%, and
swimming crab 70% (Mohan et al. 2021). This difference
is thought to be due to the high ash and mineral content in
chitin as a result of not being released during the
demineralization process. This reason is also proven by the
relatively low degree of deacetylation of chitin from the
SNI standard, which is >65% (SNI 7948: 2013). The
degree of deacetylation of chitosan in this study meets the
SNI standard, which is >75% (SNI 7949: 2013). The
degree of deacetylation of chitosan is higher than that of
mantis shrimp 78.04% (Putra et al. 2023), blue crab
71.03% (Syukron et al. 2016), mangrove crab 52.63%
(Karnila et al. 2021), sand sea cucumber 76.83% (Sumarto
2020) and shrimp as general 76.46% (William and Wid
2019), but lower than tiger shrimp 98.65% (Cahyono 2018)
and freshwater lobster around 92.06% (Kadak et al. 2023).
The higher the degree of deacetylation causes the free
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electron pair (cation) in the amine group to be more
reactive (Boroumand et al. 2021). The difference in the
degree of deacetylation also depends on the material, acid-
base concentration, soaking time and extraction method
used.

Chitosan glycosidic chain

The findings of LC-MS QTOF analysis of the
glycosidic chain of chitosan with a deacetylation degree of
80.15% vyielded four dominating chromatogram peaks
(Figure 4), with an accuracy of more than 90%. Table 4
shows the chemicals found using Masslynx analysis. In this
study, the glycosidic chain of chitosan tends to dissociate at

mass spectra of 150 m/z with molecular ion
[CsH/,CINJO*H]", 156 m/z with molecular ion
[CeH1sNOs™H]*, 330 m/z  with  molecular ion

[C16H33CINsO*H]*, and 760 m/z with molecular ion
[Ci6HasNs™H]*. The CgHisNOs molecule detected the
chemical 2-Amino-2-Deoxy-D-Glucose Chitosamine, also
known as Glucosamine (Figure 4.B). This compound has a
molecular weight of 179.171 Da with a fragmentation
pattern close to the high-quality chitosan (162.08 Da)
reported by Abdulsahib et al. (2016), Li et al. (2019) and
Xue et al. (2022). However, it has not met the standard of
commercial chitosan (Sigma-Aldrich) with a molecular
weight of 50-130 Da (Alisson 2020). Nonetheless, chitosan
has different copolymers after detection by ESI. This
glucosamine compound is the main component of chitosan
from monomeric units with glycosidic bonds that form
complex polymers (Gongalves et al. 2021; Piekarska et al.
2023). This compound has been utilized as a health product
because it has biochemical and physiological effects on the
body and has been shown to inhibit the production of pro-
inflammatory cytokines in inflammation in the body and
connective tissue through increasing collagen (Thebiotek
2024). In addition, the producer of glycosaminoglycan
chains that form proteoglycans in the body to produce
synovial fluid against osteoarthritis disease (Karnila et al.
2021; Sumarto 2020), antibacterial decay and pathogens,
anti-inflammatory, nanocarrier, antioxidant, and cholesterol
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lowering and other functional properties that can reduce
intracellular hydroxyl radicals (reactive oxygen species)
(Stefaniak et al. 2022; Zhi-Hou et al. 2020; Zhou et al.
2022; Priyanka et al. 2022; Li et al. 2023; Karnila et al.
2023).

Furthermore, the increased intensity of the mass spectra
in this study indicates the glycosidic bond tends to be
disrupted by other compounds in the ESI source. This is
also evidenced by the presence of CsH;CIN4,O+H and
C16H33CINsO+H ions that are still cationized by HCI
(Figures 4.A and 4.C). As reported by Li et al. (2019) that
the process of glycosidic chain breaking using HCI may be
detected in the ESI source. However, the glycosidic bonds
bound by such compounds (chitooligomers) from chitin
and chitosan production usually have interesting bioactivity
properties in medicinal and agricultural systems without
affecting their functional properties (Zhang et al. 2015).
Kumirska et al. (2010) reported chitosan derivatives
detected by LC-MS through a combination of Quadrupole
and Time-of-Flight (Q-TOF), very easy to detect ions
(positive and negative ions, electrospray ionization,
scanning) and usually protonated [M+H]* and [M+Na]*.
Therefore, the chitosan derivatives in this study were
bound by negative ions from HCI. In this study, the
molecule C3H;CIN4O detected which is still cationized has
physiological functions. It is used in pharmacological
applications to synthesize various heterocyclic compounds,
peptides, peptidomimetics. These compounds can interact
with protein molecules and nucleic acids in biological
systems such as cell culture. Various in vitro and in vivo
studies have shown that these compounds can affect gene
expression and enzyme activity, as well as cell metabolism
with antioxidative and antiapoptotic compounds BenchChem
(2024), Aboelnaga et al. (2017) dan (Thebiotek 2024)
reported that C3H;CIN4O has the most powerful biological
activity ability in inhibiting cancer cell growth and
antibacterial through the mechanism of inhibiting DNA
synthesis and cell division by inducing apoptosis or
programmed cell death specifically in breast, lung and
colon cancer.

Table 4. The existence of chitosan compounds from slipper lobster through glycosidic chains

Molecular Average Monoisotopic Retention
Compounds formula mass (Da) mass (Da) time*
5-Aminomethyl-2,4-dihydro [1,2,4] triazol-3-one hydrochloride C3sH7CIN4O 150.567 150.031 1.152
2-Amino-2-deoxy-D-glucose chitosamine CesH13NOs 179.171 179.079 4,55P
N-[3-Methyl-2-(4-methyl-1-piperazinyl)-butyl] isoleucinamide Ci6H33CINsO 334.928 334.250 7.38°
hydrochloride
2-(aminometil)-N-(3-isopropil oktahidro [1,2,4] triazolo [4,3-a] Ci6H33sNeO 758.926 758.570 15.23¢

piridin-6-il)-1 piperidinekar kotakamida

Note: * The chromatograms are shown in Figure 4; 2 Retention time shows chromatogram A;  Retention time shows chromatogram B;

o

Retention time shows chromatogram C; ¢ Retention time shows chromatogram D
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This molecule shares similar functional properties with
the CigH3sNgO molecule detected in the compound 2-
(Aminomethyl)-N-(3-isopropyl octahydro [1,2,4] triazolo
[4,3-a] pyridine-6-il)-1-piperidinekar kotakamida (Figures
4.C and 4.D). These compounds belong to one of the 1,2,4
triazole derivatives that possess significant biological
properties including antimicrobial, antiviral, antitubercular,
anticancer,  anticonvulsant,  analgesic,  antioxidant,
antifungal, anticoagulant, antitubercular, antidiabetic, anti-
inflammatory,  antihyperlipidemic,  anticancer  and
antidepressant activities (Hernandez-Gil et al. 2013; Kumar
et al. 2021; Matin et al. 2022). Varum et al. (1991) have
studied the chemical structure and presence of N-
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acetylglucosamine of chitosan (prepared under homogeneous
and heterogeneous conditions) showing the degree of
deacetylation, amino groups N(CHz)2 and N(CHz)z from
NMR spectroscopy on commercial chitosan. From the
results of this study, proton and carbon shifts occurred
indicating that the presence of triazole indicates
deacetylation of chitosan. These inherent properties of
triazole compounds have become key chromophores with
immense medicinal value and attracted scientists including
chemical, agricultural, supramolecular, pharmaceutical,
polymer and materials sciences (Chang et al. 2011,
Aggarwal et al. 2020; Kumar et al. 2021; Strzelecka and
Swigtek 2021).
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Figure 4. Chitosan chromatogram of slipper lobster using LCMS QTOF
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Moreover, the molecule CisH33CINgO in this study
detected the compound N-[3-Methyl-2-(4-methyl-1-
piperazinyl)-butyl] isoleucinamide hydrochloride which
has a chain that forms a piperazine group, consisting of two
nitrogen rings connected by two carbon atoms, and a ring
structure with two nitrogen atoms in the molecule (Lin et
al. 2012). The formation of a methyl group, consisting of
three carbon atoms and eight hydrogen atoms bonded to
one carbon atom. The combination of piperazine groups
and methyl groups can be found in various organic
compounds for pharmaceuticals (Kilbile et al. 2023). Other
compounds containing piperazine groups and methyl
groups also have functional properties, namely methisoprinol
and N-N'-dimethylpiperazine which are used as atypical
antipsychotic  drugs (Mauri et al. 2014) and
sulfonylpiperazines which have potential as antidiabetic,
antibacterial, antifungal, anti-TB, anti-inflammatory,
antioxidant and anticancer (Kilbile et al. 2023).

The overall glycosidic chain is similar to high-quality
chitosan due to the dissociation process at mass spectra of
341, 381, 484.22, 747, and 806.33 m/z (Li et al. 2019;
Alisson 2020). This demonstrates that the chitosan has an
accurate dissociation efficiency. However, it was not
discovered beyond 1000 m/z, most likely because the
chitosan was not detected and the chain is less stable,
causing damage to oligomers. Some chitosan structures
were found to be changed by the length of time,
temperature, and concentration of acid and base immersion,
but they retained physiological and biological health
potential. FDA (2017) added that to improve the quality
and purity of chitosan as a nutraceuticals product, it is
necessary to conduct (i) in vivo subject testing in the
collection of efficacy, toxicity, pharmacokinetics
(preclinical); (ii) oral bioavailability and drug half-life; (iii)
dose range for safety; (iv) drug testing in humans to assess
side effects; (v) post-marketing surveillance.

In conclusion, slipper lobster carapace has greater
biomass of 52.98% and yield of 31.19% with deacetylation
degree of 80.15% so that it can be utilized as chitosan
biomaterial for large-scale production. The glycosidic
chain of chitosan tends to dissociate and detected
compounds  5-Aminomethyl-2,4-Dihydro[1,2,4]Triazol-3-
One Hydrochloride and N-[3-Methyl-2-(4-methyl-1-
piperazinyl)-butyl]isoleucinamide hydrochloride cationized
by HCI. In contrast to the compounds 2-Amino-2-Deoxy-
D-Glucose Chitosamine and 2-(Aminomethyl)-N-(3-
isopropyl octahydro [1,2,4] triazolo [4,3-a] pyridine-6-il)-1
piperidinekar kotakamida which have high quality chitosan
proximity. This compound is proven to have potential for
nutraceuticals raw materials. However, the sensitivity of
the degree of deacetylation needs to be improved through a
more optimized chitosan extraction process because the
mass spectrum did not detect more than 1000 m/z which is
potentially damaged.
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