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TOM TAT

TONG HOP VA NGHIEN CUU PQ BEN NHIET CUA GLUCOSAMINE
HYDROCHLORIDE TU VO TOM

Glucosamine, mét amino monosaccharide thiét yéu cé lién quan dén kha ndng phuc hoi sun va béi tron
khép, c6 thé diroc chiét xudt tir chitin ¢ trong bg xwong ngodi ciia 10ai gidp Xac va chdn dét. Nghién ciru
nay tdp trung vao viéc sir dung vé tdm si Penaeus Viét Nam dé tong hop glucosamine hydrochloride (GIcN-
Cl) théng qua xz 1i hydrochloric acid ddm ddc ¢ ti 1¢ ran-léng 1:9 (w/v) trong 3,0 gio ¢ 85 °C. Phan tich
cho thdy si bién mdt cua cac tin hiéu ddc trung twong ing véi cac nhom amide 1, amide 11 va amide 111
trong chitin, duoc thay thé bang cac dinh méi biéu thi cac dai uon va cat kéo NH, trong cau tric GIcN-Cl
thu dwoc. Su thay déi cdu tric cua chitin 1a rd rang, chuyén tir cau tric lép cé té chire dong nhdt véi bé mat
ran, khong c6 kénh mao quan sang dang hinh try duoe déic trung béi kich thuéc hat 16m hon, khong dong
déu va bé mat nhdn, tron, cung cap bang ching thuyét phuc vé sw chuyén hod thanh cong ti chitin thanh
GIcN-CL. Ham heong khoang chdt, protein va chitin dwoc xdc dinh lan liot 12 47,91+0,28%, 23,13+0,17%
va 27,980,32%. Ty I¢ thu hoi GIcN-CI la 75,67+1,72%, d¢ tinh khiét 1a 99,03+0,55%. Mt khac, ngoai cac
yéu té anh hwéng dén qua trinh thay phan chitin, nghién cizu nay con khdo sat dg bén cia GlcN-Cl trong
méi trwong acid do qua trinh thiy phan chitin trong dung dich HCI dac. Phét hién nay ting tiém nang tdi sir
dung dw lwong P. monodon véi kha ndng chuyén hoa cua chiing thanh GIcN-Cl ¢6 gia tri, hiza hen cho céc
#ng dung thyc pham vay té.

T khoa: Chitin, glucosamine hydrochloride, thuy phén chitin, Penaeus monodon.

is found in both animals and fungi like

1. INTRODUCTION Aspergillus niger and Mucor rouxii [2]. In

Chitin, the second most abundant animals, chitin forms the primary
biopolymer in nature after cellulose, is a structural component of arthropod shells
polysaccharide. Its annual growth reaches in shrimps, crabs, and other related
an astonishing 100 billion tons [1]. Chitin species. The chitin content in these
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organisms ranges from 7% to 36% by
weight [3]. Vertebrates also contain chitin
in the form of fish cuticles [2,4].

Structurally, chitin closely resembles
cellulose, and contains a chain of N-
acetylglucosamine (NAG) units. The N-
acetyl group is linked to the glucosamine
group through a covalent -(1—4) bond,
resulting in a molecule known as 2-
acetoamido-2-deoxy-p-D- glucose [5].
Due to the presence of the N-acetyl group
binding to glucosamine, chitin exhibits
very low solubility and is challenging to
process chemically, thereby limiting its
potential applications. To overcome this
limitation, the N-acetyl group is
chemically reduced, resulting in the
formation of chitosan. When the degree of
deacetylation of chitin reaches about 50%,
it becomes soluble in weak aqueous acidic
solutions [2]. The first method to obtain
chitosan from chitin was developed by C.
Rouget and involved the addition of chitin
to a concentrated sodium hydroxide
solution [6]. Chitosan demonstrates
solubility in certain dilute organic acids
like formic acid or acetic acid, which
enhances its ability to undergo hydrolysis
as compared to the insoluble chitin

polymer.
Glucosamine (2-amino-2-deoxy-D-
glucose, GIcN) is an  amino

monosaccharide that serves as a precursor
for  the  disaccharide unit  of
glycosaminoglycan, which is the essential
component of proteoglycans found in
articular cartilage [7]. The human body
synthesizes GIcN by combining glucose
with the amino acid glutamine [8]. GIcN
products, commonly used as joint
cartilage  supplements  for arthritis
patients, are often available as GIcN-ClI or
GIcN sulfate salts [9]. Numerous studies
have been conducted to optimize GIcN
production due to its wide range of
applications. Besides the traditional HCI
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hydrolysis method, researchers have
employed enzymes, deep eutectic
solvents, or molten salt hydrate solvents
[10-12] to convert chitin into N-acetyl
glucosamine (NAG) before producing
GIcN. Compared to NAG, enzymatic
production of GIcN is less explored due to
the scarcity of enzymes catalyzing the
hydrolysis of chitin to GIcN. Therefore,
research on enzymatic GIcN production
primarily focuses on using chitosan as a
starting material [13]. While each method
has its own advantages and disadvantages,
on an industrial scale, hydrolyzing chitin
with concentrated HCI solution remains
the most popular method [14-16]. A gap
identified is that the hydrolysis process
and crystallization of the product occur in
a strong acid solution, after phase
separation at low temperature, GIcN-Cl
crystals can dissolve in excess acid,
reducing the efficiency of the GIcN-CI
production process.

In this study, the mineral, protein, and
chitin content of shrimp shell are
investigated. The main focus is on
developing a process for preparing GIcN-
Cl directly from chitin, without involving
chitosan as an intermediate product. The
stability of GIcN-Cl crystals after
crystallization was examined in acid HCI
solution.  Solutions were found to
minimize GIcN-Cl loss and increase
process efficiency.

2. MATERIALS AND METHODS
2.1. Materials

Shrimp shells are collected from the
Investment and Trade Fisheries Joint
Stock Company, located in Vinh Loc
Industrial Park, Ho Chi Minh City. In the
initial processing phase, shrimp shells are
separated from the product, gathered, and
carefully processed by removing the meat
from the raw materials, followed by



washing, drying, and mincing, and stored

in a dry place.
Hydrochloric  acid  (HCI), sodium
hydroxide (NaOH), and hydrogen

peroxide (H,O,) are purchased from
Xilong, China; ethanol (EtOH), activated
carbon, and litmus paper are bought from
Ho Chi Minh City chemical and Sci-Tech
materials Co. Ltd., Viet Nam.

2.2. Characterization

The morphology of samples is studied by
Scanning electron microscope (S-4800,
Hitachi, Japan). Before measurement,
samples are coated with a thin Pt layer.
Chemical structure of chitin and
glucosamine is analyzed by FTIR
spectroscopy (Bruker, Alpha I1) in the
range of 4000-500 cm™. The GlcN-Cl
content is determined using an HPLC-
Shimadzu with a C18 column (0.15 m x
4.60 mm x 5.00 um). A sample volume of
20 uL is injected into the instrument. The
HPLC column lysing solvent is a mixture
of acetate buffer (pH = 5.9) and MeOH
(v/v = 7/3). The flow rate is 1.0 mL/min,
and the temperature is stabilized at room
temperature.  The UV  detection
wavelength is set at 195 nm.

2.3. Extraction of chitin

Chitin is extracted from shrimp shells by
demineralization and deproteinization
[17]. The process undergoes adjustments
concerning  the  solid/liquid  ratio,
processing time, and concentration of
substances. The shrimp shells are soaked
in 10% HCI solution (1:20 w/v) at room
temperature for 8 h and are washed
several times with water until neutral pH.
The shells are then treated with 5% NaOH
solution (1:10 w/v) at 90 °C for 4 h for
deproteinization. The shells are afterward
separated from the solution and washed
with water several times to obtain a light
pink chitin product. To enhance the
purity, chitin is immersed in a mixture of

1.0% H,0, and 0.2% NaOH catalyst (1:1
w/w) at room temperature for 4 h,
Subsequently, the solid is filtered and
washed till neutral pH. After each step,
the sample is dried at 105 °C to determine
volume and recovery rate (H;) by Eq. 1.
The mineral and protein components
represent the values loss during the
processing steps and the remaining
component is chitin.

m.
H; % = —-x100% (1)
mO
Where,
m; = weight of recovered solid after step
m, = weight of raw material

The treatment of shrimp shells by diluted
HCI and NaOH solutions creates soluble
ionic salts that do not pose any
environmental harm. In this study, the
chitin bleaching phase avoids the use of
NaClO and chlorine due to their potential
influence on the environment.

2.4. Preparation of GIcN-Cl

Chitin is treated with a 36% HCI solution
in a round-bottom flask quipped with a
condenser. As the chitin is heated, it
dissolves in the concentrated HCI,
resulting in a yellow solution that
gradually turns black. A solid-to-liquid
ratio (SLR), hydrolysis time, and
temperature are investigated according to
Table 1.

Table 1. Experimental design

SLR (w/v) Time (h) Temperature (°C)
1:4-1:12 2.5 85

1:9 15-4.0 85

1.9 3.0 70-95
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The solution is decolorized by adding
activated carbon (chitin-to-carbon ratio =
1:4 w/w). Subsequently, the hot solution
is filtered, and the filtrate is allowed to
crystallize at 0 - 4 °C for 12 h. The
obtained crystals are filtered, washed with
EtOH and dried at 105 °C, followed by
cooling in a desiccator, and weighed to



determine the final weight of the solid.
The recovery rate is calculated by Eq. (2):

weight of solid product
weight of chitin
The yield of product is calculated by
Eq. (3):
weight of solid product x purity
HY% =
weight of GIcN - Cl
Where, purity of product is determined by
HPLC method. The equation used for

calculating weight of GIcN-CI:
weight of chitin

m =
GIeN-Cl ™ mol. weight of chitin

HY% = x100% (2)

x100% (3)

After crystallization, GIcN-CI crystals are
filtered and heated at 105 °C to
investigate their thermal stability in an
acidic environment. Every 10 minutes, the
solution is decanted from the solid, and
the mass loss is determined.

3. RESULTS AND DISCUSSION
3.1. Components of shrimp shell

The composition of minerals, protein, and
chitin in shrimp shells is determined to be
47.91+0.28%, 23.13+0.17%, and
27.98+0.32%, respectively. The collected
chitin is white or light pink (Figure 1a).
According to the previous work, the chitin
recovery rate ranges from 7% to 36% [3].

3.2. GIcN-ClI recovery rate

The experiments were conducted under
the same conditions, which involved
using 36% HCI solution at 85 °C for 2.5
h. The resulting mixture is decolorized
using activated carbon (Figure 1b).

’ ' i g\ ]

o

e = )

Figure 1. Chitin (a) and GIlcN-ClI crystal (b)

As a result, the SLR at 1:9 achieves the
highest solid recovery rate after

xmol.weight of GIcN -Cl
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crystallization (Figure 2a). In Figure 2b of
the graph, the recovery rate reaches its
highest value at the 3-hour mark. The
hydrolysis of chitin is conducted under the
same conditions regarding HCI
concentration, hydrolysis time at 3.0 h, and
the SLR at 1:9 (w/v). However, different
temperatures are used for the hydrolysis,
specifically 70 °C, 85 °C, and 95 °C. The
experimental results indicate that the
highest product recovery rate is achieved
at 85 °C (Figure 2c). At elevated
temperatures, GIcN-CI crystals exhibit
reduced stability in acidic media (Figure
2d). The standard curve showcases a linear
correlation between the quantity of mass
loss and time. This correlation is expressed
through the regression line equation: y = -
0.0141x + 2.5516, accompanied by a
correlation coefficient of R? = 0.9702. The
results demonstrate that factors such as the
SLR of chitin/HCI solution, reaction
temperature, and reaction time
significantly influence the efficiency of the
GIcN-CI synthesis process. A high SLR
can lead to incomplete hydrolysis, which is
also observed at 70 °C and reaction times
less than 3 hours. If the SLR is lower than
1:9, excess HCI can dilute the GIcN-ClI
solution, hindering crystal formation or
reducing chitin conversion to GIcN-CI.
Conversely, temperatures exceeding 85 °C
or reaction times longer than 3 hours can
significantly decrease reaction efficiency.
This may be attributed to the instability of
GIcN-Cl at elevated temperatures or
prolonged reaction times. This finding is
consistent with the results of our
investigation into the stability of GIcN-CI
crystals in acid at high temperatures.
Therefore, after the crystallization process,
it is essential to separate the crystals from
the mixture and then concentrate the
solution for recrystallization. GIcN-Cl
should be washed with ethanol before
drying and storage.
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Figure 2. The recovery rate at different solid/liquid ratios (a); contact time (b);
temperatures (c) and the extent of volume loss varies over time (d)

3.3. Morphology (SEM)

The surface morphology of chitin changes
according to the species used as the chitin
source, and it plays a role in determining
the usage area of chitin. According to the
previous chitin isolation studies, chitin
exhibited three surface morphologies: a
hard and rough surface without pores or
nanofibers, a surface solely composed of
nanofibers, and a surface with both pores

lamellar tearing

tendon fibers

nag HEW
M 22.5mm 250x 10.00 KV 829 ym
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and nanofibers [18]. Figure 3a and b show
that the surface of chitin from the shrimp
shell exhibits a uniform structure with a
lamellar organization and many tendon
fibers, presenting a hard and smooth
surface without pores. In addition, the
morphology of GIcN-Cl is cylindrical in
shape, featuring large irregular particle
sizes and a round, smooth surface (Figure
3cand d).

(b)

hard and smooth surface

round and smooth surface
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Figure 3. SEM images of chitin at (a) x100 and (b) x2000 magnification, GIcN-CI at (c) x250, (d) x2000
magnification, FTIR spetra of chitin and GIcN-ClI (e) and chromatogram of GIcN-Cl standard and sample (f)

3.4. FTIR spectral analysis

Spectra of chitin and GIcN-ClI are shown in
Figure 3e. Chitin and GIcN-ClI presents
some characteristic peaks. The peaks at
3428 cm™ and 3255 cm™ (chitin), 3341 cm™
and 3280 cm™ (GIcN-CI) are corresponded
to N-H and O-H stretching vibrations and
intermolecular hydrogen bonding.
Absorption bands at a range of
wavenumbers 2961-2873 cm™ (chitin) and
2941-2840 cm™ (GIcN-Cl) indicating the
presence of vibration span C-H on -CH,- on
the aliphatic group.

In chitin spectra, because chitin has three
crystalline forms, either alpha, beta or
gamma [18], the FTIR spectra peak
between 1650 and 1632 cm™, known as
the amide | band, showing that chitin
from shrimp shell is in the alpha
crystalline form, due to the two peaks
observed at 1650 and 1547 cm™. These
two peaks represent alpha chitin’s
intramolecular and intermolecular
hydrogen bonds forming its antiparallel
chain arrangement [19,20].

The hydrogen bonds between amide | (-
C=0) and amide Il (-NH-) are responsible
for the peak at 1650 cm™, while the
second peak occurring at 1632 cm™ is due
to hydrogen bonding between the —CH,0
side chain and -C=0 [21]. The absorption
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bands at 1547 and 1307 cm™ correspond
to amide Il (N-H bending) and amide Il
(C-N stretching) respectively [22].

In GIcN-Cl spectra, the primary amino
group usually give two peaks, from
symmetric and antisymmetric stretching,
the characteristic absorptions at 3091 and
3031 cm™. After hydrolysis of chitin, the
peaks at 1650, 1632, 1547 and 1307 cm™
disappear along with the appearance of
new strong peaks at 1613, 1528 and 1537
cm™ (NH, bending and scissoring band)
in spectra of GIcN-ClI [23]. The
absorption bands at 1613-1537 cm™ are
due to the NH3;" in GIcN-Cl for
asymmetrical, symmetrical NHs" bending
and scissoring in the region 3341-2538
cm, which proves the formation of NH3z"
in GIcN-CI [24,25]. The FTIR spectrum
confirmed the successful transformation
of chitin into GIcN-CI.

3.5. Determination of the GIcN-CI
content

Figure 3f represents the HPLC
chromatograms of GIcN-Cl standard and
sample. The chromatograms of sample are
detected distinct peaks, with respective
retention times of 5.14 and 6.57 min,
close to that found in GIcN-Cl standard, at
the retention time of 5.17 and 6.63 min.
The two peaks in the HPLC spectrum of



GIcN-CI are labeled as 5.14 and 6.57.
These peaks likely correspond to different
forms or isomers of GIcN-CI that are
separated by the chromatography column,
a-GIcN-CI va p-GIcN-ClI, respectively
[26]. The retention time of each peak can
be used to identify and quantify the
specific compounds present in the sample.
The amount of GIcN-Cl content in the
prepared glucosamine from shrimp shell
IS estimated to be 990.33£5.51 mg/g.
Fawwaz et al. [16] reported that the
amount of GIcN-Cl isolated from the
initial chitin produced from P. monodon
was 698.41 mg/g. The purity of GIcN-ClI
in this study is comparatively greater than
that of exoskeletons in the previous study.
Therefore, the yield of GIcN-Cl obtained
is about 70.59+1.61%, higher than the
previous values of 51.01, 63.50, and
66.64% [15,27,28].

Many previous studies suggested that the
recovery rate after hydrolysis was also
indicative of the yield of the GIcN-ClI
preparation process, or using the equation
(3) without considering the purity value of
the product, is incorrect. In this study,
measures are taken to prevent such issues
from occurring.

4. CONCLUSIONS

This study represents a significant step
forward in the realm of green chemistry,
demonstrating a sustainable approach to
the synthesis of GIcN-Cl from biomass
residues. By minimizing the use of
chemicals, bypassing the requirement for
chitosan intermediate products, and
averting the generation of harmful waste,
our methodology aligns closely with the
principles of environmentally conscious
research and development. Analysis of P.
monodon  shrimp  shells  revealed
substantial mineral, protein, and chitin
content, quantified at 47.91+0.28%,
23.13£0.17%, and 27.98+0.32%,
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respectively. Optimal conditions for
GIcN-CIl production from chitin were
determined as a SLR of 1:9 (w/v),
treatment duration of 3.0 h, and a
temperature of 85°C, yielding a purity of
99.03+0.55%  and  efficiency  of
70.59£1.61%. Importantly, this process
capitalizes on abundant waste resources
from seafood processing, transforming
them into high-value functional foods,
thereby contributing significantly to
sustainable  development  objectives.
Through our innovative approach, we not
only enhance resource efficiency but also
pave the way for the creation of valuable
products with promising applications in
food and medicine, thus reinforcing the
importance of sustainability in scientific
endeavors.
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