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Abstract

Chitosan (CS) and chitosan nanoparticles (CS/NPs) were prepared from shrimp and crab wastes and they were
characterized using spectral analysis, Fourier transforms infrared spectroscopy (FTIR), Scanning electron microscopy (SEM)
and Energy Dispersive analysis of X-Ray and Spectroscopy (EDAX) analysis. Also, functional and physicochemical
properties of the extracted chitosan and chitosan nanoparticles were analysed. The morphological properties of chitosan and
its nanoparticles revealed a smooth surface and fibrous structures with pores. Crab chitosan and its nanoparticles had the
highest values of moisture (6.13 and 6.20%) and ash contents (2.60 and 2.90%), respectively. While the highest value of
nitrogen (8.50%) was found in commercial chitosan. The highest extraction yield (16.33%) was recorded for crab chitosan
compared with (15.35%) for shrimp chitosan. Water binding capacity was higher (780-782%) in shrimp chitosan and its
nanoparticles, whereas commercial chitosan and its nanoparticles recorded the highest values (539-539%) fat binding
capacity. On the other hand, shrimp chitosan and its nano-type recorded the highest degrees of deacetylation values 92% and
90%, respectively. The solubility was proportional to the degree of deacetylation. The results revealed that chitosan
nanoparticles process improved the physicochemical, functional, and morphological characteristics of the extracted chitosan.

Keywords: Chitosan nanoparticles, FTIR, SEM, EDAX.

1. Introduction

Crustaceans traded annually, 6 to 8
million tons of valuable shrimp, lobster
and/or crab shells waste are produced
worldwide [1]. The last numbers reported
indicate that, from the fish caught, around
70 % is industrially processed [2] thus
resulting in the production of large amounts
(approximately 20-80 %) of wastes [3].

Seafood, by its turn being the most
traded food commodity worldwide [4],
reached a global market of USD 164.1
billion in 2018, and is projected to reach
USD 194 billion by 2027 [5]. From the
seafood traded annually, 6 to 8 million tons

of crab, shrimp and lobster shells waste are
globally produced [6]. Contrarily to what
happens in developing countries, where the
shells waste is simply dumped in landfill, in
the developed countries, their disposal can
be costly [6]. Crustacean shells are
composed mainly of 20-30 % of proteins,
3040 % of calcium carbonate (CaCQO3), 20—
30 % of chitin and a smallest amount of
astaxanthin [7]. There is a high commercial
value for these natural compounds, namely
considering their main uses. Shrimp waste,
which is rich in chitin, proteins, lipids,
pigments and flavor compounds, has
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potential commercial value in the food
industry [4].

Chitosan nanoparticles (CS/NPs) can be
used for various applications because of
their unique properties like,
biodegradability, high permeability, non-
toxicity to human and cost effectiveness. CS
at nanometer scale presents antimicrobial
properties mainly due to its large surface
area. This fact has promoted the study of
CS/NPs with the purpose of using them as
new antimicrobial agents. The effect of
CS/NPs against several types of bacteria has
been extensively studied [8-9]. The
antifungal activity of CS/NPs against fungi,
Macrophomin-aphaseolina and Pyricularia-
grisea, Alternariasolani, F. oxysporum has
been reported by [10-11], respectively.

Therefore, the main objective of this
work was to prepare chitosan and chitosan
nanoparticles from shrimp and crab wastes
and compared them with commercial
chitosan. This objective will be achieve
through comparing the characteristics of
their physicochemical properties using X-
ray, FTIR, and EDEX analysis.

2. Materials and methods
2.1. Materials

Shrimp shells and crab exoskeletons were
obtained from fish local market and they
were extracted according to the method
explained by Toan [12]
2.2. Methods
2.2.1. Chitosan preparation

Firstly shrimp and crab wastes were
suspended in 4 % HCI at room temperature
in the ratio of 1:14 (w/v) for 36 h.
Deproteinization of shells was done by
treating the demineralized shells with 5 %
NaOH at 90°C for 24 h with a solvent to
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solid ratio of 12:1 (v/w). After the
incubation time the shells were washed to
neutrality in running tap water and sun
dried. The product obtained was chitin
which was deacetylatiedby employing 70 %
NaOH solution with a solid to solvent ratio
of 1:14 (w/v) and incubated at room
temperature for 72 h and then, the residues
were washed with running tap water to
neutrality and rinsed with deionized water,
then filtered, sun dried and finely grinded to
obtained chitosan [13].

2.2.2. Preparation of chitosan
nanoparticles
Conventional particle size reduction

techniques such as ball milling process (Ball
milling Model: PQ-N2 Planetary Ball Mill,
Gear Drive 4- station — planetary Ball mill,
220 v) was used for preparation of chitosan
nanoparticles (CS/NPs) according to Joni, et
al., [14] and Inkyo, et al., [15] as follows:
25 g weight of chitosan powder was ball
milled in a 200 ml agate vessel with 130
numbers of zirconia beads in range from 0.5
to 1.5 mm diameter (75 beads 0.5 mm
diameter, 30 beads 1.0 mm diameter and 25
beads 1.5 mm diameter) and milling at 4000
rpm in a high energy planetary ball mill was
performed . Different samples were prepared
by varying the milling duration, and then the
dried chitosan powder was pulverized for 90
min to obtain fine powder. A Ball milling
process was used as a dispersing agent to
prevent particles agglomeration.
2.2.3. Milling Procedure

The dried chitosan was pulverized by ball
mill to obtain fine powder. The obtained
powder was selected to obtain more uniform
micron size (around 37 um) by using sieves
with mesh 400 and subjected to beads
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milling process according to the method of
Ibrahim, et al., [16].

The bead mill consists of 200 ml vessel, a
pump and a mixing tank. The vessel was
filled with beads up to 70% capacity. The
slurry was prepared by mixing the chitosan
powder and distilled water. The mixed
chitosan was stirred using magnetic stirrer
for 30 minutes before beads milling. The
PEG 400 (Polyethylene glycol) dispersing
agent was added after the mixing time of 15
minutes. The slurry of the chitosan was
added into the wvessel which contained
zirconia beads and impeller operated at a
speed of 4000 rpm. The beads were agitated
in the lower portion of the vessel (dispersing
section) to break up the aggregate to avoid
agglomeration of chitosan nanoparticles in
the suspension. After dispersion, the
suspension was placed from the dispersing
section to separation region where
centrifugal force was used to separate the
zirconia beads from the particle suspension.
The chitosan particle suspension was then
recycled back to the dispersing section. In
order to keep the temperature of the system
constant (25°C), the vessel was supported by
a water jacket system and was completely
sealed. The water-suspended chitosan
particles with weight fractions of 0.1 wt. %,
milling time 90 minutes and addition acetic
acid solution (1%, v/v) after milling to
promote the positive surface charge were
used for optimal technical conditions for
beads milling. After milling process,
chitosan was freeze-dried (LABCONCO,
Kansas City, USA) at 50 °C and 0.014 mbar
for 2 days to reach moisture content 4 %.
2.3. Analysis

Moisture and ash contents of obtained
chitosan and chitosan nanoparticles were

Egypt. J. Chem. 67, No.5 (2024)

determined according to the AOAC [17].
Yield was determined according to
Mohanasrinivasan, et al., [18]. Water and
fat binding capacity were measured
according to Wang and Kinsella [19].

Fourier Transform Infrared (FTIR)
Spectroscopy: The samples of prepared
chitosan and chitosan nanoparticles were
characterized in KBr pellets by using an
infrared spectrophotometer model (4100
Jasco, Japan) in the range of 400-4000 cm™.

Degree of deacetylation (DD): FTIR
instrument was used for the determination of
DD of the three types of chitosan. The
percentage of the acetylated amine group
was determined by the following formula:
DD (%) = 100 - [(A1629.85cm-1- A3450.65
cm-1)/1.33x 100]. Struszczyk [20].

Scanning electron microscopy (SEM)
having a magnification range of 5,000 and
accelerating voltage 20 kV were used for
characterization of prepared chitosan and
chitosan nanoparticles.

Elements contents of chitosan samples
were evaluated by using Energy Dispersive
analysis of X-Ray Spectroscopy (JED-2300
analysis station, Joel). EDAX (Energy
Dispersive analysis of X-Ray Spectroscopy)
analysis used for chitosan characterization
by (JED-2300 analysis station, Joel).

Results and Discussion

Chitosan and chitosan nanoparticles were
extracted from shrimp and crab wastes and
compared with commercial chitosan as
shown in Table (1). Results showed that, the
yield of chitosan from shrimp and crab
waste was accepted, where it reached to
1535 and 16.33%, respectively. The
differences in chitosan extraction yield can
be attributed to the origins of the polymer
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[21]. Moisture and nitrogen contents of the
different types of chitosan ranged between

(4.10-6.20%) and
respectively.

(7.32-8.50%),

Table (1). Functional and physicochemical properties of the three chitosan types (commercial,

shrimp and crab).

Properties (%0) T1 T2 T3 T4 T5 T6
Yield - - 15.35 - 16.33 -
Moisture 4.10 4.50 511 5.50 6.13 6.20
Nitrogen 8.50 8.12 7.32 7.32 8.16 8.16
Ash 1.20 1.13 1.80 1.85 2.60 2.90
WBC 665 670 780 782 745 750
FBC 539 539 520 515 525 530
DD 85 83 92 90 86 88

Where, T1: commercial chitosan; T2: commercial chitosan nanoparticles; T3: shrimp

chitosan; T4: shrimp chitosan nanoparticles; T5:

crab chitosan; T6: crab chitosan

nanoparticles; WBC: Water binding capacity; FBC: Fat binding capacity; DD: Degree of

deacetylation.
The moisture content of chitosan is

largely related to the species of polymer and
the lower moisture content of chitosan, the
better its quality and shelf stability [21-23].

Ash is an important indicator to evaluate
the purity of chitosan and the efficiency of
the demineralization process [24] and the
ash content of chitosan is primarily depends
on the starting material and its composition
[25]. Higher amounts of ash were found in
crab chitosan and its nanoparticle (2.60 and
2.90 %) compared to commercial chitosan
(1.20%) or shrimp chitosan (1.80%). Water
binding capacity and fat binding capacity
mainly depend on the demineralization and
deproteinization steps [226-27].

Water binding capacity (WBC) and fat
binding capacity (FBC) is one of the most
important characters that affect on texture of
food product. WBC was higher in shrimp
chitosan (780%) and crab chitosan (745%)
compared to commercial chitosan (665%). It
was noticed that, there were no significant
differences in FBC of commercial chitosan,
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shrimp chitosan and crab chitosan, where
they ranged between 520-539%. On the
other hand, the degree of deacetylation is a
vital parameter because it influences the
physical, chemical, mechanical, and
biological properties of the biopolymer [28].

Our results showed that, the degree of
deacetylation (DD) was accepted in chitosan
of shrimp or crap compared to commercial
chitosan, where they ranged between 85-
92%. The differences in the degree of
deacetylation (DD) of chitosan can be
attributed to the extraction process, as well
as the initial source material [29]. Similar
results were reported by [30-33].
Characterization of chitosan samples

Fourier Transform Infrared (FTIR)
Spectroscopy Functional groups of both
commercial, shrimp and crab shells chitosan
and their nanoparticles samples were
identified by Fourier transform infrared
(FTIR) spectroscopy.

The FTIR spectra obtained of chitosan
and chitosan nanoparticles samples are
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shown in Fig. (1). On the other hand, Table
(2) summarized the characteristic bands of
commercial, shrimp and crab chitosan and
their nanoparticles samples.

The FTIR peaks for commercial chitosan
(T1) and commercial chitosan nanoparticles
(T2) were observed at 3282.69 cm™ and
3180.95-3103.28 c¢cm® (NH and O-H
stretching vibrations), 2919.08-2871.26 cm™
and 2971.52-2598.28 cm ™ (axial stretching
of C-H in the polymer chain), 1643.52-
1555.82 cm™ and 1628.61-1548.12 cm™
(amide I vibration modes), 1417.62-1376.29
cm® and 1461.15-1388.98 cm™® (N-H
straining vibrations of NH; groups), 1314.93
cm™ and 1295.62 cm-1 (CH, deformation
vibrations), 1149.58 cm™ and 1136.60 cm™
(symmetrical angular deformation of CH3 in
NHCOCH; groups), 1061.55 cm™ and
1035.39 cm™ (amide 111 vibration modes),
897.37 cm™ and 908.85 cm™ (C-O-C
bridge), 709.73-414.16 cm™ and 661.11-
430.98 cm™ (C-O stretching vibration of
alcohol groups), respectively.

The FTIR peaks for shrimp chitosan (T3)
and shrimp chitosan nanoparticles (T4) were
observed at 3263.213093.76 cm™ and
3816.95-3103.67 cm™ (N-H and O-H
stretching vibrations), 2919.35-2851.05 cm-
1 and2942.78-2239.16 cm™ (axial stretching
of C-H in the polymer chain), 1627.21-
1558.30 cm™ and 16.29.00-1549.78 cm™
(amide | wvibration modes), 1480.09-
1328.63cm-1 and 1461.39-1389.18 cm-1
(N-H straining vibrations of NH;, groups),
120391 cm® and 129569 cm® (CH.
deformation vibrations), 1154.24 cm™ and
1137.23 cm™  (symmetrical  angular
deformation of CH; in NHCOCHj3; groups),
1067.89-1025.32 cm™ and 1049.44-1034.74
cm™ (amide Il vibration modes), 952.70
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cm?® and 909.17 cm® (C-O-C bridge),
654.45-418.20 cm™ and 661.89-432.29 cm’
(C-O stretching vibration of alcohol groups),
respectively.

The FTIR peaks for crab chitosan (T5)
and crab chitosan nanoparticles (T6) were
observed at 3859.41-3263.14 cm™ and
3861.13-3283.31 cm™® (N-H and O-H
stretching vibrations), 2921.73-2852.21 cm™
and 2872.99-2326.58 cm™ (axial stretching
of C-H in the polymer chain), 1642.64-
1551.73 c¢cm™ and 1810.28-1550.93 cm™
(amide 1 vibration modes), 1410.03-1326.68
cm™® and 1424.99 cm™ (N-H straining
vibrations of NH, groups), 1204.70 cm™ and
1315.57 cm™ (CH, deformation vibrations),
115407 cm® and 115054 cm™
(symmetrical angular deformation of CHs in
NHCOCHj3 groups), 1067.91-10.28.20 cm™
and 1060.90-1024.37 cm™ (amide I
vibration modes), 952.62-711.35 cm™ and
898.42-798.05 cm™ (C-O-C bridge), 637.89-
418.89 cm™ and 591.85-418.58 cm™ (C-O
stretching vibration of alcohol groups),
respectively.

The obtained results showed that, all
samples of chitosan and its nanoparticles
had high concentration and not detected any
contaminant. Similar results were reported
by [33-36].

Fig. (2a-f) showed the characterization of
chitosan and chitosan nanoparticles samples
by X-ray diffraction (XRD) technique.

The XRD studies of commercial chitosan
showed a sharper peak at 40° (1187.91
counts/s) and a maximum peak at 30°
(2308.63 counts/s), while, commercial
chitosan nanoparticles revealed stronger
peaks at 10° (82628.7 counts/s) and a
maximum reflection at 21.675° (98817.5
counts/s).
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Table (2). The FTIR bands (cm™) of commercial, shrimp and crab shells chitosan and its

nanoparticle samples.

Fungtlona}l groups and T1 T2 T3 T4 Ts5 T6
vibration modes
Stretching vibrations of hydroxyl | 3282.69 | 3180.95 | 3263.21 | 3816.95 | 3859.41 | 3861.13
groups (OH) Asymmetric/sym 3103.28 | 3093.76 | 3746.31 | 3642.43 | 3283.31
metric stretching of the amine 3180.19 | 3263.14
bonds (NH,) 3103.67
C-H aliphatic stretching | 2919.08 | 2971.52 | 2919.35 | 2942.78 | 2921.73 | 2872.99
vibration (CH2) 2871.26 | 2598.28 | 2851.05 | 2239.16 | 2852.21 | 2326.58
Amide frequencies  of C=01643.52 | 1628.61 | 1627.21 | 1629.00 | 1642.64 | 1810.28
bond stretching of amide | 1555.82 | 1548.12 | 1558.30 | 1549.78 | 1551.73 | 1550.93
N-H bending vibrations of NH,| 1417.62 | 1461.15 | 1480.09 | 1461.39 | 1410.03 | 1424.99
groups of the amide |1 1376.29 | 1388.98 | 1328.63 | 1389.18 | 1326.68
CH, deformation vibrations in the | 1314.93 | 1295.62 | 1203.91 | 1295.69 | 1204.70 | 1315.57
CH,OH groups
Symmetrical angular deformation | 1149.58 | 1136.60 | 1154.24 | 1137.23 | 1154.07 | 1199.02
of CH3 in NHCOCHS; groups 1150.54
C-N stretching vibrations of | 1061.55| 1035.39 | 1067.89 | 1049.44 | 1067.91 | 1060.90
amide |11 1024.12 1025.32 | 1034.74 | 1028.20 | 1024.37
Symmetric/asymmetric stretching | 897.37 | 908.85 | 952.70 | 909.17 | 952.62 | 898.42
signals of the C- O-C bridge 872.13 711.35 | 798.05
(glycolsidic linkage)
C-O stretching vibration in|709.73 | 661.11 |654.45 | 661.93 |637.89 | 591.85
secondary and primary OH|414.16 |430.98 |418.20 | 432.29 |418.89 | 418.58
groups
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Fig. (1). FTIR of (A) commercial chitosan, (B) commercial chitosan nano-particles, (C). FTIR
of shrimp chitosan, (D) shrimp chitosan nanoparticles, (E) crab chitosan and (F) crab chitosan

nanoparticles.

Egypt. J. Chem. 67, No. 5 (2024)



SYNTHESIS AND CHARACTERIZATION OF CHITOSAN NANOPARTICLES FROM........... 31

X-ray Diffraction (XRD)
Fig. (2a-f) showed the characterization of chitosan and chitosan nanoparticles samples by
X-ray Diffraction (XRD) technique.
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Fig. (2). X-ray diffraction patterns of (a) commercial chitosan, (b) commercial chitosan
nanoparticles, (c) shrimp chitosan, (d) shrimp chitosan nanoparticles, (e) crab chitosan and (f)
crab chitosan nanoparticles.

Shrimp chitosan XRD pattern showed the counts/s). Shrimp chitosan nanoparticles
sharpest peak at 17.948° (1267.05 counts/s) XRD analysis maximum peaks at 31.193°
and the highest peak at 10.745° (2237.91 (1372.72 counts/s).
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The XRD studies of crab chitosan

showed a sharper peak at 25.421° (4756.36
counts/s) and a maximum peak at 14.835°
(8384.45 counts/s), while, crab chitosan
nanoparticles revealed stronger peaks at
17.578° (687.760 counts/s) and a maximum
reflection at 33.605° (1012.17 counts/s).
The XRD results of the chitosan samples
showed the crystalline nature of obtained
polymers. Similar results have been obtained
in previous studies [37-40].

Energy Dispersive X-Ray spectroscopy
(EDAX)

(EDS or EDAX) is an X-Ray non-
destructive analysis used to identify the
elemental composition of materials. Its
principle based to convey an external X-ray
stimulation on electrons of K bands within
atoms, in order to one or more this electron
leaves its orbit and will be replaced by an
electron from L band, with emission of
radiation energy ko, this last electron will be
also replaced by an electron from M band
with emission of Lo radiation energy.
Furthermore, the electron of K band can be
replaced directly by electron from M band
with emission of K} radiation energy.

All of these energies radiation will be
captured by the device's collector and
processed in order to displays a spectrum
with different peaks. Each peak corresponds
to a unique chemical element with its atomic
and weight concentration [41].

All  EDX spectrum chromatograms of
commercial, crab, shrimp chitosan and their
nanoparticles are presented in (fig. 3a-f and
fig. 4). The obtained results recorded in
Table 3, and plotted in Figure 4 in order to
compare easily the elemental weight and
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atomic concentration percentages in each
chitosan samples.

The obtained results indicated that all
samples contained carbon C, nitrogen N and
oxygen O with a different intensities related
to their concentration in each chitosan and
chitosan nanoparticles samples. While,
phosphorus P, calcium Ca potassium K,
sodium Na, Magnesium Mg, silicate Si and
copper Cu were found in shrimp and crab
chitosan and their nanoparticles. This result
proves the incapacity of diluted acid to
remove all minerals from the shrimp and
crab shells, contrary to concentrated acids
can maybe leave just a few minerals traces
[42].

Scanning Electron Microscopy (SEM)

The morphological characteristics of
chitosan (commercial, shrimp, crab) and its
nanoparticles were evaluated by scanning
electron microscopy (fig. 5a-f).

The SEM micrographs showed that, there
are obvious difference in the roughness and
surface morphology among the different
types of chitosan and its nanoparticles types
and showed a relatively smooth top surface
and fibrous structures. Commercial chitosan
represents a smooth surface morphology and
fibrous structures with pores at 300 pm,
while, commercial nanoparticles shows a
combination of rough and smooth layers and
a combination of fibers and pores at 40 um.
Additionally, shrimp chitosan presents a
very smooth surface at 20 um, while shrimp
nanoparticles reveals a porous and fibrous
surface morphology at 20 pum. Crab chitosan
presents a hard and rough surface
morphology at 40 pum, while crab
nanoparticles had fibrous structures at 40
um. This results are in agreement with
studies reported by [30, 33, 38, 43].
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Table (3). Elementary EDAX analysis for commercial, shrimp and crab chitosan and its

nanoparticles.

Element | Weight% | Atomic% | NetInt. | Error%
Commercial chitosan
CK 29.02 34.62 41.25 9.02
N K 14.41 14.74 7.13 23.31
O K 56.57 50.65 70.03 11.79
Commercial Chitosan nanopatrticles
CK 38.37 44.6 75.07 7.69
N K 12.96 12.92 6.44 24.05
O K 48.67 42.47 67.63 12.08
Shrimp chitosan
CK 46.41 54.16 188.53 6.57
N K 6.16 6.16 4.77 29.96
O K 43.71 38.3 114.9 11.43
Mg K 0.26 0.15 3.67 65.23
Si K 0.11 0.05 2.3 65.23
CaK 3.36 1.17 43.7 12
Shrimp chitosan nanoparticles
CK 16.5 27.14 26.45 11.57
N K 0.75 1.06 0.26 99.99
O K 39.41 48.66 45.43 13.19
Na K 3.81 3.28 14.65 18.46
Mg K 0.07 0.05 0.47 83.87
P K 2.43 1.55 25.54 13.48
KK 1.52 0.77 15.62 17.78
CaK 35.5 17.49 266.39 2.78
Crab chitosan
CK 35.86 46.84 47.17 9.93
N K 3.45 3.86 1.28 78.18
O K 41.76 40.95 54.31 12.38
NaK 4.53 3.09 14.28 16.95
MgK 0.34 0.22 1.93 70.06
P K 1.63 0.82 13.24 16.04
KK 0.53 0.21 3.84 60.4
CaK 7.36 2.88 43.76 7.75
CuK 4.54 1.12 7.39 23.77
Crab chitosan nanoparticles

CK 35.61 44,05 104.09 8.76
N K 6.84 7.26 6.31 26.94
O K 44.44 41.28 134.36 10.89
Na K 7.31 4.73 55.96 11.03
Mg K 1.33 0.81 16.94 17.03
Si K 1.41 0.74 27.45 12.13
CaK 3.07 1.14 39.34 13.24
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Fig. (3). EDAX of (a) commercial chitosan, (b) commercial chitosan nanoparticles, (¢) shrimp
chitosan, (d) shrimp chitosan nanoparticles, (e) crab chitosan and (f) crab chitosan
nanoparticles.

Egypt. J. Chem. 67, No.5 (2024)



38 A.S. Talab et.al.

6.16 .

#C BN 20 mMg mSi mCa

17.49 0.77

1.55 0.05

C mN II

HC N #0 mNa mMg =P mK mCa

0.223.09-

sC aN o0 saNa aMg 2P aK nCa nCu

4.73 081 O

sC aN =0 sNa s Me -SllCa

G -
14.41

mC mN =0

= gy
| 0260110 3.36

EC EN = i mCa
6.16

= Cu

—
133 731 1t 307 L

6.84
EC EN EO HENa HEMg HSi HCa

Fig. (4). Represent the percentage of the atomic element of (a) commercial chitosan, (b)
commercial chitosan nanoparticles, (c) shrimp chitosan, (d) shrimp chitosan nanoparticles, (e)
crab chitosan and (f) crab chitosan nanoparticles, while, Elementals weight concentrations (g)
commercial chitosan, (h) commercial chitosan nanoparticles, (1) shrimp chitosan, (J) shrimp

chitosan nanoparticles, (K) crab chitosan and (L) crab chitosan nanoparticles.
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Fig. (5). SEM of chitosan samples and their nanoparticles size at different magnificent levels.
4. Conclusion physiochemical and functional properties

Chitosan and its prepared nano-particle of when compared with the commercial
shrimp and crab have a good chitosan.
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