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Abstract :

Background: Chitin of arthropod exoskeletons is the most abundant biopolymer found after
cellulose. Chitosan is a biopolymer derived from chitin by strong alkaline treatments. Nano-chi-
tosan (NC) offers enhanced physicochemical properties compared to its bulk counterpart due to its
high surface area-to-volume ratio, improved solubility, and ability to interact more effectively with
biological systems

Material and methods: Chitosan was prepared in three steps: demineralisation, deproteination,
and deamination in strong alkali media. Nano-chitosan (NC) was prepared using 1% acetic acid,
with a solution of tripolyphosphate added dropwise under magnetic stirring at room temperature, at
a 2.5:1 (v/v) ratio, of TPP vs chitosan. The result of the participant was dried for 24h at 60 °C.

Results: A 8.3 gram of chitosan was prepared from 50 gram of exoskeleton. 93% of chitosan
was converted to NC, The UV-Vis spectra of NCs observed at 228 nm. The XRD analysis exhibits
broad pick at 20 =28.2, and 21.8 with d-spacing 3.1 °A, and 3.9 “A. The morphology has exhibited
the spherical shape of nano-chitosan with root mean square 19.5 nm.

Conclusion: Each 50 grams of crude exoskeleton produces 8.3g of chitosan (16.3% yield). 93%
of chitosan was converted to nano-chitosan without using any dispersing agent, which requires a
further filtration step.

Keyword: chitin, chitosan, nano-chitosan, FTIR, XRD, SEM .
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Introduction

Arthropods are the largest animal
family with the largest species in the
world. Arthropods have an exoskeleton
that 1s periodically shed as they grow.
The commercial utilization of crusta-
ceans comprised 58% shrimps, 27%
crabs, and 5% lobsters (Moghal, M., et
al, 2015). Chitin of arthropod exoskel-
etons is the most abundant biopolymer
found after cellulose. It has significant
attention in various fields industry due
to its biocompatibility, biodegradabil-
ity, non-toxicity, and unique func-
tional properties (Shanta Pokhrel, et
al, 2015). Chitosan (B -(1,4) glucos-
amine) is a biopolymer derived from
chitin by strong alkaline treatments. It
1s non-toxic, liner, heterocyclic, solid,
white to light yellow, and insoluble in
water but soluble in organic acids. Chi-
tosan is largely used in anti-microbial
bacterial, biotechnology, cosmetics,
and drug delivery (Alam p ., 2018).
Nano-chitosan (NC)offers enhanced
physicochemical properties compared
to its bulk counterpart due to its high
surface area-to-volume ratio, improved

solubility, and ability to interact more

effectively with biological systems
(Nurul A., 2021). This nanoscale form
of chitosan has found widespread ap-
plications across industries, including
biomedicine, pharmaceuticals (Mo-
hebbi, S.; et al, 2018), drug delivery
(Baghdan, E.; et al 2018), agriculture
(Morin C. N, et al, 2018), food tech-
nology (L1, H., et al, 2019), and envi-
ronmental protection (Cristina C., et al,
2017). Chitosan is a semi-crystalline
biopolymer with a molecular structure
that contains both hydrophobic and hy-
drophilic groups. The hydrophilic aris-
es from the D-glucosamine residues,
which cause of polycationic nature of
chitosan in acidic conditions that al-
lows for 1onic bonds with charged sur-
faces, with high susceptibility to water
purification, drug delivery, and antimi-
crobial coatings applications (Desai N,
et al, 2023; Joseph S.M., et al, 2021).
Several methods are available to use
for the synthesis of nano-chitosan
(NC), resulting in varying in sizes,
properties, and shapes. These methods
can be broadly classified into chemi-
cal, physical, biological, and approach-
es (Kou S.G., et al 2021). Chemical
methods, that are widely used include
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1onic gelation, precipitation, and cross-
linking, of NC by using a tripolyphos-
phate (TPP) in an aqueous solution.
The positive amino groups interact
with the negative charges of the TPP,
leading to the formation of nanoparti-
cles (Barikani M., et al, 2010). Cross-
linking involves scattering chitosan
in an oil phase and crosslinking with
glutaraldehyde (Ryan C., et al, 2017).
Physical methods primarily involve
top-down techniques, where chitosan
1s broken down into smaller fragments
through mechanical forces. Ultrasoni-
cation with high frequency is one of the
most common methods used, ultrason-
ic waves also, are also applied to the
chitosan solution, causing particle size
reduction (Dwi1 Setyawan, et al, 2023).
The biological synthesis of NC is done
by using enzymes or microbial systems
to produce NC. This a time-consuming
but green method, eliminating the need
for toxic reagents or harsh conditions
(Maestrelli F., et al, 2018). Several
properties of NC make them favorable
in the industry, these properties in-
clude increased surface area, enhanced
solubility, use as antimicrobial activi-

ty, non-toxicity, and biocompatibility

(Rofeal M., et al, 2022). Due to its
diverse and enhanced properties, NC
has found a wide array of applications
across various sectors such as Drug
Delivery, Wound Healing (Gupta, A.,
et al 2019), Agriculture, Water Treat-
ment (Zhang J., et al 2019), While na-
no-chitosan holds immense promise,
there are still several challenges that
need to be addressed for its widespread
adoption. One major challenge is the
scalability of production methods.
Current synthesis techniques are often
labor-intensive and expensive, making
it difficult to produce NC at an industri-
al scale. Additionally, more research is
needed to fully understand the long-
term safety and environmental impact
of NC, particularly in biomedical and

agricultural applications.

Materials and methods

Blue crab (pelagicus) is bought from
a local market in Iraq -Baghdad, ini-
tially harvested from the Shatt Al-Arab
River in Al-Basrah city in December.
HCI, NaCl, Ethanol, and tripolyphos-
phate (TPP) were manufactured by
CDH India. The shells were cleaned of
any soft tissues, washed, dried at 200
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°C for 10 minutes, and ground into fine
powder.

Demineralization was done by add-
ing 50 gm of crab powder in 500 ml
of (1.0 N) HCI solution with constant
stirring at boiling point for 2 hours.
At the end of 2 hours, the crude was
washed, neutralized, and dried. The
demineralized powder (34.7g) was
mixed with 600 mL of (1.0 N) NaOH
and heated at 80 °C under reflux for 6
hours. The deproteinized powder (chi-
tin) was converted to chitosan in which
a 12.7 g of sample remaining from the
previous step was mixed with 254 ml
of (1N) NaOH under reflux and stirred
for 6 hours at boiling point. After the
deacetylation, the NaOH was drained
off by tap water. Next, the pure chi-
tosan (8.30g) was stirred with 96% eth-
anol for 1 hour, followed by washing
with deionized water to neutral pH and
dried in an oven at 60 °C for 30 h. Chi-
tosan was identified by using FTIR.

Chitosan nanoparticles were pre-
pared using the modified ionic gelation
method (Hoang N.H., 2022) due to the
interaction between positively charged
amine groups and negatively charged
TPP (Linda J., and Taty R., 2019). A

weight of 2g chitosan was dissolved
in 100 ml, 1% acetic acid with stirring
until a clear solution appeared at room
temperature, and the pH was raised to
4.5 by using 1IN NaOH. A weight of
0.700 g TPP was dissolved in 100 ml
of distilled water. The TPP solution
was added dropwise to the chitosan
solution under magnetic stirring at
800 x g at room temperature at a 2.5:1
(v/v) ratio, followed by ultrasonication
for 15 minutes. The resulting solution
was centrifuged at 6000 xg for 5 min,
the supernatant was discarded, and the
participant was dried for 24h at 60 °C.
The yield of NC prepared from 2g of
bulk chitosan is 1.86; in other words,
about 93% of the bulk chitosan was
converted to NC. The nanochitosan
was characterised by XRD, UV-Vis,
AFM, and SEM.

Results and discussion
Various absorption bands within the
500-4000 cm™ range were recorded in
the FTIR of chitin, chitosan (Cs), and
nano-chitosan (NCs), Table 1. Vibra-
tions of compounds above illustrated
in Figure 1-a, 1-b, and 1-c respective-

ly were approximately similar (within
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a range of functional groups) O-H out
of a plane (free), C-C pyranose, C-OH,
C-0, C-N, C-0O-C, C-H pyranose, CH,
alcoholic, free C-H, and O-H. The chi-
tosan and nano-chitosan show vibra-
tions of N-H and -NH, function groups
that were absent in chitin compound

vibration. The chitin vibration shows

absorbance at 1373 ¢cm™ due to -CH,,
which was absent in chitosan and na-
no-chitosan. The nano-chitosan com-
pound includes vibration at 880 cm’
due to the P-O-P group and 1211 cm’!
due to the P=O group absent in chi-

tosan.

Table 1: function group wavelength of FTIR absorbed
in chitin, chitosan and nano-chitosan

Reference of function
Function group Chitin | Chitosan | Nano-chitosan . .
groups vibration
O-H free 617 617 617 -
N-H free 671 -
P-O-P 880 -
C-C pyranose 895 896 883 808
C-OH 959 1026 1026 1020-1200
C-O0 1043 1068 1068 1045-1380
C-N 1075 1098 1098 1025-1200
C-0-C 1075 1153 1153 1050-1250
P=0 1211 1220-1250
C-H pyranose 1332 1320 1320
CH3 1373 1390-1395
Amide 11 1573 1506-1572
C=0 amide 1673 1500-1700
C-H 2879 2879 2879 2850-2950
O-H alcoholic 3271 2918 2918 2500-3300
NH, 3384 3409 3350-3500

These results are same that found in numerous articles who purified chitin and synthesis chi-
tosan and nano-chitosan (Olajede A., et al, 2018; Choiri N., 2017; Manuela R. A., et al, 2016).
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The UV-Vis spectra of N-Cs with Cs and their corresponding Tauc plot is observed

in Figure 2 (a, and b)). The results illustrate that NCs (a) are observed at 228 nm, while
the bulk Cs (b) have absorption at 222 nm.
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Figure 2: The UV-Vis spectra of a) nano-chitosan (b) TAUC plot
from nano-chitosan c) UV-Vis spectra of chitosan, d) TAUC plot of chitosan.
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The XRD analysis of cross-linked
chitosan with PPT at 2.5:1 ratio, x-ray
diffraction study exhibits broad pick
at 20 = 28.2, with d-spacing 3.1 “A,
and 21.8 with d-spacing 3.9 °A Fig-
ure 3, which were shifted to a higher
diffraction angle 20 =20.2 and 20.9,
(Farhatun N., et al, 2019; Gokila S.,
et al, 2017; Shuja B. A., et al, 2019),
this diffraction is due to transforming
amorphous chitosan into crystalline or

increase crystallinity form after reac-

tion with TPP (Olajide A., et al, 2018;
Vijayalakshmi K., et al, 2015). The
change in packing position may reflect
the change in the molecular level or
tighter polymer packing. There are oth-
er broad diffraction bands at 10.3, 24.3,
26.5, and 48.3 with low intensity due
to plenty of -OH and -NH, groups in
the chitosan structure, forming stron-
ger inter and intramolecular hydrogen
bonds (Vijayalakshmi K., et al, 2015).
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Figure 3: XRD of nano-chitosan prepared from chitosan extract

The morphology of the nano-chi- ly synthesized. The average roughness
tosan was analyzed through AFM, as of the NCs was calculated by AFM
shown in Figure 4-a. The morpholo- analysis to be 16.9 nm, and the root
gy of NCs has exhibited the spherical mean square (r.m.s) was equal to 19.5
shape of nano-chitosan. The nanoparti- nm, with a size distribution of 84 nm

cles were separately and homogenous-  4-b.

Yot gl W |
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Figure 4: micrograph of
(a)Top ography and (b) size distribution image of chitosan nanoparticles.
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The morphology of nano-chitosan
was observed using scanning elec-
tron microscopy (SEM), and the re-
sults are shown in Figure 5. The SEM
image highlights clusters of NC, and
the smallest particle size labeled L1 =
18.13 nm” indicates the size of an ob-

served feature, likely a particle or sur-

face roughness. This figure shows a
broader view of the NC clusters. The
particles appear to have a porous struc-
ture, sponge-like, with some larger
aggregates of NC visible. The surface
shows complex texture and roughness,
with both small and large particles ag-
glomerated.
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Figure 5: SEM micrograph of nano-chitosan represents a cluster of nano-particles. L1 in-
dicate the smallest size of nano-chitosan, a) magnification: 100.0 kx (100,000x%), scale bar:
200 nm, accelerating voltage: 10.0 kV, working distance (WD): 5.98 mm b) magnification

50.0 kx, scale bar: 500 nm, accelerating voltage: 10.0 kV, working distance: 5.99 mm.

Conclusion
The synthesis of chitosan from crab
shell 1s summarized in deproteination,
demineralization, and deacetylation of
chitin in high alkali solution. Each 50
grams of crude exoskeleton produces

8.3g of chitosan (16.3% yield). 93%
of chitosan was converted to nano-chi-
tosan without using any dispersing
agent, which requires a further filtra-
tion step.

1. XRD results resulted that chi-
tosan with TPP with ratio of2.5:1 shift-
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ed the diffraction peaks toward higher
angles, explaining move the crystalline
structure.

2. Broad and low-intensity bands at
10.3°,24.3°, 26.5°, and 48.3° implying
extensive inter- and intramolecular hy-
drogen bonding within the chitosan.

3. AFM analysis recorded aver-
age roughness of 16.9 nm with RMS
roughness of 19.5 nm, indicating na-
noscale surface uniformity.

4. SEM images displayed sponge-
like structures with agglomeration of
nanoparticles, with the smallest parti-
cle observed about 18.13 nm, confirm-

ing nanosized dimensions.
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