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Crustacean waste is one of the most severe issues, posing significant environmental and health risks. This
study aims to improve managing marine waste by isolating chitosan from Procambarus clarkii by devising
a new methodology, incorporating technical steps, e.g., washing, decolorization and deacetylation under
a reflexive condenser and dialysis purification. A comparison was made between the prepared P.
clarkii chitosan and four types of shrimp chitosans: commercial, high, low, and nano. The obtained chi-
tosan has a lowmolecular weight and viscosity compared to the commercial shrimp chitosan used in var-
ious applications. P. clarkii chitosan was prepared in high quality from a cheap source, as its color and
quality were better than those of the commercial shrimp chitosan. The newmethodology has successfully
extracted chitosan from P. clarkii in a good quality and high purity, achieving 89% deacetylation, high sol-
ubility, high purity, and medium molecular weight. Analysis of the different chitosan samples with
Fourier transform infrared spectroscopy (FTIR), atomic force microscopy, Raman spectrum referred indi-
cated high similarity between the chitosan different types, regardless of its source. The 3D image of P.
clarkii showed the distance between the highest and most profound points of extracted chitosan is
728.94 nm, revealing homogeneous, smooth surfaces, apparently free of pores and cracks. FTIR and
Raman spectrum of P. clarkii indicated various functional groups, e.g., alcohol, amines, amides, and phe-
nols. These active groups are responsible for about 60% of the antioxidant activity of that product.
Evaluating the quality traits indicated the excellence of the chitosan prepared from P. clarkii, especially
in color, viscosity, and antioxidant activity, nominating it for different food applications.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Red swamp crayfish (Procambarus clarkia) poses many prob-
lems, as a heavy eater of tilapia and Nile fish. P. clarkii badlyaffected
soils, crops, and the environment. It is a vector for the fun-
gus Aphanomycesastaci. The use of P. clarkii as a source of chitosan
may convert its threats into useful applications. Preparing chitosan
has many approaches but the method giving the best physical and
chemical characterization regarding size and surface morphology
is still lacking. Chitosan is gaining popularity because it meets
environmental standards, such as being an eco-friendly compound
that aids in the efficient use of reagents while reducing potential
wastes (El-Naggar et al., 2021). Chitosan is a natural cationic
biopolymer and is considered the second most abundant polymer
after cellulose (Aranaz et al., 2009). Due to its amino groups’ proto-
nation, chitosan is soluble in dilute solutions of some organic acids
at (pH 6), and it can interact with polyanions to form polyelec-
trolyte complexes because of its polycationic nature (Peniche and
Argüelles-Monal, 2001). The cationic character of chitosan might
impart it with valuable antiviral or antibacterial activities in a
manner similar to cationic proteins, previously reported having
antibacterial (Sitohy et al. 2011, 2012, 2013;Abdel-Shafi et al.,
2016; Osman et al., 2016) and antiviral activities (Abdelbacki
et al., 2010; Chobert et al., 2007; Swelum et al., 2020; Taha et al.
2010, Sitohy et al. 2006, 2007, 2020, 2021a,b).
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Chitosan is obtained by deacetylating chitin, which is the sec-
ond most abundant biopolymer after cellulose and is available in
many insects’ exoskeletons, the cell walls of many fungi, and the
shells of crustaceans. It’s also found in landfills from processing
marine foods like shrimp, crab, and krill shells (Simpson et al.,
1994). Chitosan has beneficial properties, high solubility, biocom-
patibility, biodegradability, and immune-restorative properties
while exerting no toxicity (Shard et al., 2014). Chitosan can be
modified, thus allowing different uses in various fields, including
aquaculture, agriculture, cancer therapy, other medical fields, cos-
metics, textiles, water treatment, and biochemical engineering
(Zhao et al., 2018). The relationship between chitosan molecular
weight and its water solubility follows a similar pattern to molec-
ular weight and biological activities: the lower the molecular
weight, the greater the solubility of the carbohydrate molecule
(Pillai et al., 2009).

Red swamp crayfish (Procambarus clarkia) is a freshwater com-
pared lobster, native to Mexico and the United States that settled in
Egypt in the 1990s. Because of their higher chitin and lower protein
content, the wastes of the crayfish P. clarkii are considered excel-
lent sources of chitin. Their wastes contain 23.5% chitin, compared
to 13–15% chitin by weight in shrimp wastes and 14–27% in crab
wastes, respectively (No and Meyers, 1989). Recycling shell wastes
and extracting commercially viable substances like chitin from
them is a fast and effective solution. Chitin has various uses on
its native status and can be deacetylated to produce chitosan,
which has various applications (Kumar, 2000).

Furthermore, the crayfish industry in Egypt has expanded in the
last five years, and the major issue facing crayfish plants is how to
dispose of their solid wastes, which may accumulate to hundreds
of tones, since the inedible portion of the animal accounts only
for 60–70% of the total body weight (Ibrahim and Khalil, 2009).
Chitosan was extracted from the exoskeleton wastes of P. clarkii
the derived chitosan powder was buff in color, compared to the
white color of commercial chitosan extracted from shrimp
exoskeleton wastes. (El-Naggar et al., 2019).

This study aims to produce high purity chitosan from the harm-
ful wastes of P. clarkii through optimizing a new technique using
different solvents, minimizing the use of chemicals, and improving
the purification steps. FTIR, and Raman microscopy physicochemi-
cally characterized the prepared chitosan. In addition, DPPH assay
estimated the antioxidant activity of the prepared chitosan.
2. Materials and methods

2.1. Preparation of shrimp chitosan

2.1.1. High molecular weight chitosan
Fig. 1 shows the traditional isolation method of High molecular

weight shrimp chitosan (Divya et al., 2014) with some modifica-
Fig. 1. Steps of Shrimp chitosan extracting.
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tions. First, an amount (100 g) of shrimp shell waste was treated
with 5% NaOH at room temperature for 24 h to deproteinize the
product, then washed with distilled water till the pH dropped to
7. Next, the deproteinized shells were treated with 5% HCl at room
temperature for 12 h to liberate chitin, washed with distilled
water, and dried at room temperature. The resulting chitin had a
pink color. So, a decolorization step was achieved by soaking chitin
soaking in 1% permanganate potassium and 1% oxalic acid for 3 h.
Next, the decolorized chitin was deacetylated to chitosan by treat-
ing it with 65% NaOH for three days at room temperature. Finally,
alkali was drained off, and the remaining material was repeatedly
washed with distilled water till pH 7. Chitosan was further dried at
50 �C in an oven.

2.1.2. Low molecular weight chitosan
Chitosan was extracted from shrimp shells and converted into

low molecular mass chitosan, according to (Kasaai et al., 2013).
High molecular weight chitosan (1gm) was homogenized in
100 mL HCl (0.05 M) and stirred for 12 h at room temperature, then
100 mL of HCl (2.3 M) was added to obtain chitosan concentrate as
1.17 M HCl0.5%, w/v. The stirring continued for 30 h at 65 �C in a
spherical flask. A portion of the resultant solution was cooled to
4 �C, and the other portion was kept at 25 �C. A different section
was used to retrieve chitosan fragments. The fragments were used
to determine intrinsic viscosity and characterize structural proper-
ties. The fragments were retrieved from chitosan suspension solu-
tions following the fragmentation process by neutralizing the
solution with NaOH (1.0 N), centrifugation, washing with deion-
ized water, and lyophilization.

2.1.3. Nano-chitosan
Shrimp chitosan nanoparticles were prepared by the ionic gela-

tion of tri-sodium polyphosphate (TPP) with chitosan following
(Liu and Gao, 2009) with some modifications. First, 100 mL of chi-
tosan solution (in 1% acetic acid) were dissolved in 20 mL of 0.1%
TPP (in distilled water), then stirred at room temperature, cen-
trifuged at 10,000 rpm for 10 min. Finally, the obtained precipitate
was washed with ethanol, then distilled water and air-dried.

2.2. Isolation of P. clarkii chitosan

Chitosan isolation followed (Puvvada et al., 2012) with some
modifications. The procedure comprised the following seven steps:

2.2.1. Preparation of shell powder
Shells of P. clarkiiwere obtained from the Royal Company for

fish products (Alexandria - Egypt). The shells were thoroughly
washed with water to remove impurities and protein residues.
Fig. 2 shows the new method of isolation as follows. The shells
were dried in an oven at 60 �C for 48 h before powdering to a
homogenized product (<20 mesh).

2.2.2. Washing
A quantity (10 g) of P. clarkii shells powder was washed by dis-

tilled water to release any soluble impurities. This process is
repeated several times until the disappearance of all the impuri-
ties. After that, the residue was kept in an oven at 80 �C until
weight stabilization.

2.2.3. Demineralization
Dried P. clarkii shells powder were homogenized in 50 mL HCl

(10%) (1:5, w/v). The reaction proceeded at room temperature on
a magnetic stirrer at 200 rpm for 12 h. The demineralized shells
were filtrated and washed with distilled water until reaching a
neutral pH 7. The sample was dried in an oven at 80 �C until reach-
ing a stable weight.



Fig. 2. Steps of P. clarkii chitosan extracting.
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2.2.4. Deproteinization
Protein was eliminated from the sample by adding 4–5% NaOH

to the dried demineralized shells at a solid/liquid ratio of 1:10
(g/mL). The reaction slurry was blended on a magnetic stirrer at
200 rpm for 12 h. The insoluble solids were separated by filtration
and washed with distilled water until reaching a neutral pH 7
before keeping in oven at 80 �C until a stable weight.

2.2.5. Decolorization
The dried deproteinized shell powder was immersed in acetone

for 12 h at the boiling degree (70 �C), to remove the orange and red
color. This step was conducted using a reflective condenser to bring
back the evaporated acetone into the extracting vessel. The result-
ing chitin was dried in an oven at 80 �C until weight stabilization.

2.2.6. Deacetylation
The deacetylation of chitin was achieved by reacting the dried

chitin with NaOH (45–50%) at a ratio of 1:10 (solid/liquid, g/mL).
The reaction mixture was kept at 115C and agitated on a magnetic
stirrer at 200 rpm for 24 h under a reflective condenser to maintain
a constant mixture volume. The resulting insoluble product (chi-
tosan) was filtrated, washed with distilled water until reaching a
neutral pH 7. The washed product was dried in an oven at 70 �C
until constant weight.

2.2.7. Purification
The chitosan was purified using the re-precipitation process,

i.e., dissolving in acetic acid followed by precipitation with NaOH.
The chitosan was dissolved in 3 percent (v/v) aqueous acetic acid
overnight, and the resulting gel was filtered through a sintered
glass funnel to extract undissolved and gelatinous particles after
complete dissolution. Chitosan was precipitated by adding 1 M
aqueous NaOH solution drop by drop while stirring. Finally, the
regenerated chitosan was washed with distilled water until it
was neutral, vacuum dried, and ground into a fine powder in a lab-
oratory agate mortar. The final product was dispersed in distilled
water and dialyzed against distilled water for two days at 5 �C.

2.3. Physicochemical characterization of chitosan

2.3.1. Solubility
One gram of the tested chitosans was dispersed in acetic acid

solution 1% and mixed on magnetic stirred at 80 �C for 20 min.
Then dispersion was centrifuged at 5000 rpm for 5 min undercool-
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ing. The sediment was separated, lyophilized, weighed. The weight
of the sediment is subtracted from the total weight. Solubility was
calculated according to the following equation:

Solubility ¼ Total weight - Residual weight
Total weight

� 100
2.4. Molecular weight

Chitosan molecular weight was derived from the viscosity value
according the following equation (Czechowska-Biskup et al., 2018).

g ¼ KMa

Relative viscosity was estimated for the four types of shrimp
chitosan (High, low, Nano Shrimp) and P. clarkii chitosan, by Ost-
walld Viscometer (MVMO4; Mayland instrument, India).

2.4.1. Fourier transform infrared spectroscopy (FTIR)
FTIR (Fourier-transform infrared) spectroscopy was carried out

at the Central Laboratory of the Faculty of Science, Ain Shams
University. FTIR spectra of chitosan were obtained using an FTIR
4100 (Jasco, Japan) spectrophotometer. The scanning spectral
range was between 4,000 and 400 cm�1. Dried chitosan powder
was extensively mixed with KBr pellets before being pressed into
an ultra-thin homogeneous disc with 0.5 mm thickness. The chi-
tosan concentration in the samples was estimated to be 2% relative
to KBr (El-Naggar et al., 2019).

2.4.2. Raman spectra
Raman characterization of chitosan was classified into three

classes, namely index, identification, and morphology classes. The
composition class was done by Raman spectroscopy Lab. RAM-
HR Evolution Horiba Co, Ontario, Canada. The 532 nm He-Cd edge
laser line with grating 1800 (450–850 nm). ND filter 3.2% was used
to avoid sample burning employing 10 sec acquisition time, 5 accu-
mulations without delay time, and spike filter (Youssef et al.,
2021).

2.4.3. Atomic force microscopy
The surface morphology of the fabricated membranes was

examined using a scanning electron microscope (FEG SEM, Philips
XL30, 30 kV). Until imaging, the membranes were sputtered with
gold. Slitting the membrane sample in liquid nitrogen yielded
cross-section samples. The atomic force microscope was used to
visualize the quantitative surface topography of RO membranes.
(AFM, Brukerdigital instrument, Veeco) in tapping mode for a sam-
pling area of 5 5 m. The Scanning Probe Image Processor (SPIP)
6.7.3 program measured rough analyses using ISO 4287 for a
4 mm cross-section evaluation length. ISO 16,610 used a Gaussian
L-Filtering of 2.0 m to remove long wavelengths from the signal.
The hydrophilicity of the membrane was manually measured three
times by calculating the contact angle between the two surfaces
(Hamdy and Taher, 2020).

2.4.4. Antioxidant determination assay
DPPH Radical Scavenging Assay: The radical-scavenging activity

of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activ-
ity of chitosan at a concentration of 1 mg mL) was determined
according to (Xing et al., 2005). The samples were combined with
375 mL of 99.5% ethanol and 125 mL of 0.02 percent DPPH in 99.5
percent ethanol after being dissolved in 500 mL of distilled water
(1 mg mL). After 30 min of incubation in the dark at room
temperature, the reduction of the DPPH radical was calculated
using a UV–visible spectrophotometer at 517 nm. As an antiradical
compound reduces DPPH, its absorption band at 517 nm
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disappears. Therefore, higher DPPH-free radical scavenging activi-
ties were determined at the reaction mixture’s lower absorbance.

DPPH radical-scavenging activity was calculated as follows:
Radical scavenging activity

¼ Absorbance of control - Absorbance of sample
Absorbance of control

� 100

The control was carried out in the same way, but purified water
was used instead of the sample. As a positive control, BHA was
used, replacing the sample. The test was conducted three times.
3. Results

3.1. Methodology comparison

A new method for extracting high-quality chitosan from P. clar-
kii was devised to reduce the preparation time and enhance the
purity and quality of the final produced chitosan compared to
the traditional way. The conventional method consists of 5 steps;
Preparation, deproteinization, demineralization, decolorization,
and deacetylation (Fig. 1). The new method (Fig. 2) introduced
two additional steps; washing the shell powder (step 2) and dialy-
sis purification (step 7). The steps of decolorization and deacetyla-
tion were carried out under reflexive condensers to maintain the
reaction conditions and constituents as stable as possible. This
modification will help avoid the frequent adjustments needed to
compensate for the volatile losses during the decolorization step
(6 h) and keep NaOH concentration constant at 50% during the
deacetylation step (12 h). As a result, the total time consumed by
the new methodology was reduced to 66 h instead of 123 h in
the traditional one. This reduction is mainly due to the deacetyla-
tion step, which lasted for 12 h at 115 ℃ instead of 72 h at room
temperature. Also, the deproteinization and demineralization
steps, conducted during 48 h in the old methodology, were
reduced to 24 h in the new methodology.
Fig. 3. Photo of chitosan powder for Commercial and P. clarkii chitosan and Shrimp
Chitosans High, Low, Nano.
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3.2. Physical form of chitosan

Fig. 3 shows the physical forms of chitosan, indicating the color
and size of the particles. High molecular weight chitosan, produced
by the traditional method, appears in dark white and medium size
granules, closely resembling commercial chitosan. This color may
be due to using permanganate potassium in bleaching the chi-
tosan. The new method produced P. clarkii chitosan with chiffon
color and fine granules. Using organic solvents such as absolute
acetone (colorless) in the new method might have contributed to
this faint color of the final product.

Degrading the high molecular weight chitosan into Low molec-
ular weight one by HCl treatment resulted in a product with
orange color and coarse granules, while transforming the same chi-
tosan into nanoparticle form, led to a product with light orange
color and very fine granules. The addition of TPP during the prepa-
ration of nanoparticles may stand behind this orange color. In addi-
tion, using the reflexive condenser in the new methodology might
have kept the pressure and the concentration at constant levels
during the reaction and thus prevented the possible caramelization
of the carbohydrate component in chitosan, which causes redness
of the color of the final product.

3.3. Chitosan physico-chemical characterization

3.3.1. Degree of deacetylation
Compared to commercial chitosan, P. clarkii chitosan extracted

from the exoskeleton wastes exhibited the highest deacetylation
extent (89%). This value is higher than the commercial (78%) and
the high and low molecular weight Shrimp chitosan and the
nano-chitosan (80%). It can be concluded that the new method is
more efficient in deacetylating chitin. The modification in the chi-
tosan preparation process, such as the washing step and using a
reflexive condenser during the deacetylation step and the purifica-
tion step, have contributed to this high deacetylation degree. Chi-
tosan degree of deacetylation is the most significant parameter
influencing their physicochemical, biological, and mechanical
properties. Therefore, before using chitosan in any application, it
is necessary to consider some reaction conditions to achieve the
best results (Fig. 4).

3.3.2. Solubility, viscosity and molecular weight
The viscosity of P. clarkii chitosan was lower than the commer-

cial chitosan and the shrimp chitosan prepared by the traditional
method (H). The other shrimp chitosans (L and N) derived from
the original (H) also showed lower viscosity values. The observed
low viscosity value of the P. clarkii chitosan may be due to the
Fig. 4. De-acetylation degree and viscosity index of (H,L&N shrimp chitosan) and (P.
clarkii) chitosan.
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new methodology, which favored the deacetylation process and
stood behind this phenomenon (Fig. 5). The P. clarkii chitosan
showed the highest solubility compared to other chitosans, i.e.,
commercial and shrimp chitosans. This enhanced solubility is evi-
dently due to the new preparation conditions, leading to high
levels of deacetylation. Depending on the viscosity values, P.
clarkii chitosan was qualified with a lower molecular weight
(200 kDa) than the commercial and the high molecular weight
shrimp chitosan (H). The P. clarkii chitosan and nano form chitosan
showed the lowest molecular weight preparations. The low molec-
ular weight of P. clarkii chitosan is about 50% higher than the low
molecular weight chitosan but about 60% lower than the commer-
cial and high chitosan. The low molecular weight of P. clarkii chi-
tosan makes it more soluble in water than other types of
chitosan, achieving 95% solubility.
3.3.3. FTIR spectrum analysis
The data in Fig. 6 presents the FTIR of different Shrimp and P.

clarkii chitosans. FTIR spectrum of P. clarkii chitosan was not differ-
Fig. 5. Solubility, molecular weight and viscosity of (Commercial, H, L&N shrimp
chitosan) and (P. clarkii) chitosan.
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ent from all other forms of shrimp chitosans (commercial, high,
and low molecular weight), except nano-chitosan. Eight bands
were detected in the first four forms at 3400, 2900, 2300, 1600,
1400, 1100, 900, and 650 cm�1. These bands are responsible for
various functional groups, e.g., alcohol, alkane, alkene, secondary
and tertiary amines, amides, phenols, and halo compounds. The
strong and wide peak at 3400 represents bonds of both OAH
stretching and NAH stretching, while the peaks at 2046.51 cm�1.

3.3.4. Raman spectra
The P. clarkii chitosan Raman spectra shown in (Fig. 7), that chi-

tosan was characterized by 13 characteristic; Raman shift peaks at
650, 850, 950, 990, 1055, 1150, 1272, 1423, 1570, 1610, 1920, 2750
and 2930 cm�1. The Peaks at 650 related to OHA, 850 and
1272 cm�1 represented vibration of CAH deformation plan where
peaks at 1423 represented CAH deformation symmetry and asym-
metry, peaks at 1055 and 1150 cm�1 are related to CAO stretching,
e.g., CAOAC (ring) and CAOAC (ether), respectively. The
1570 cm�1 bands represented the vibration of CAN and NAH
stretching vibrations, respectively.

3.3.5. Atomic force microscopy (AFM)
The AFM measurements were used to examine the surface of P.

clarkii chitosan. The three-dimensional AFM images of 5 � 5 nm
are shown in (Fig. 8). P. clarkii chitosan was measured with an AFM
to confirm the form, scale, concentration, and agglomeration pre-
dicted by Raman spectra and FTIR spectrum results. The Fig clearly
shows that the P. clarkii chitosan does not form agglomeration in
any specific region. The 3D image showed that the distance between
extracted chitosan’s highest and deepest points was 728.94 nm. The
images obtained revealed homogeneous, smooth surfaces, appar-
ently free of pores and cracks. Preliminary microstructure determi-
nations of films validated this visual assessment using the
collected AFM, and the topographic images of the film surface.

3.3.6. Antioxidant assay
The antioxidant activities of aqueous and acetic extracts of

chitosans are shown in (Fig. 9). The acetic extract of commercial
chitosan increased the scavenging activity by about 20% above
water extract. Similar results could be observed with the high
molecular weight shrimp chitosan. However, the acetic acid
extracts of P. clarkii and low molecular weight chitosan and nano-
chitosan showed lower antioxidant values than the aqueous
extracts. The prepared P. clarkii chitosan highly excels these values,
probably due to the new preparation methodology keeping the
original structure of chitosan in good quality and high purity.
4. Discussion

Agricultural and marine wastes negatively affect the environ-
ment and health; however, they are rich in bioactive compounds
with antioxidant (Saad et al., 2020a; El-Saadony et al., 2020a;
Abdel-Moneim et al, 2022) and antimicrobial activity (Alagawany
et al., 2021a). They are used as food additives for preserving juices
(Saad et al., 2021b; El-Saadony et al, 2021c), meat (Saad et al,
2020b; Saad et al., 2021c; El-Saadony et al, 2021a), bakery (Saad
et al, 2015), and dairy (El-Saadony et al, 2021b). Additionally, feed
additives (Alagawany et al., 2021b). Among these compounds is
chitosan, which considers a powerful antioxidant and antimicro-
bial (Abd El-Hack et al, 2020), presenting a large percentage of
crustacean wastes.

P. clarkiiwaste is one of the most severe issues, posing signifi-
cant environmental and health risks. The purpose of this study
was to convert waste P. clarkii into a natural material with a great
economic return, e.g., as antibacterial, antifungal agents, and as a



Fig. 6. FTIR of Commercial Shrimp chitosan, P. clarkii chitosan, High (H), Low (L) and Nano (N) shrimp chitosans.

Fig. 7. Raman spectra of Standard chitosan and (P. clarkii) chitosan.
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helpful material in various agricultural fields (Jin et al., 2019). The
extraction method of chitosan determines its molecular weight
and chemo-physical properties. Martín-López et al. (2020) found
that shrimp chitosan recovered by ultrasound-assisted extraction
has a molecular weight of 390 kDa and a water solubility equiva-
lent to 94%. P. clarkii chitosan contains various functional groups
than commercial and similar to nano and low chitosan. The result
of FTIR of P. clarkii chitosan revealed different functional groups of
organic compounds such as out-of-plane bending (564 cm�1),
CAOAC stretching (711 cm�1), and CH2 stretching (1174 cm�1)
in chitosan. The most characteristic Raman shift peaks of the P.
clarkii chitosan sheet are located between 2750 and 2930 cm�1

and related to (C-H), (CH2), and (CH3), confirming its identity in
accordance with (Varma and Vasudevan, 2020; Youssef et al.,
2021). On the other hand, Fernández-Pan et al. (2010) reported
two commercial chitosan samples from cold-water shrimp shells
having high degrees of deacetylation (96 and 100%). This indicates
that the prepared P. clarkii chitosan has a high degree of purity and
structural regularity. The aqueous extract of low chitosan exhibited



Fig. 8. Three-dimensional atomic force microscopy (AFM) images, cross-section and population of heights in the AFM images of the P. clarkia chitosan.

Fig. 9. Antioxidant Activity of Low, High, Nano, Commercial and P. clarkii chitosan
in (Acetic acid 1% & Water).
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the highest antioxidant activity, i.e., 70% followed by P. clarkii chi-
tosan with about 60% compared to 75% in cucumber pomace
extract (Saad et al., 2021a). The considerable antioxidant activity
of P. clarkii qualifies it to be incorporated in functional food to
reduce food lipid oxidation (Kabanov and Novinyuk, 2020). Hafsa
et al. (2016) found that antioxidant activity of chitin (CHI), classical
deacetylated chitosan (CDC), and ultrasound-assisted deacetylated
chitosan (UDC) ranged from 4.71 � 21.25%, 11.45–32.78% and
18.27–44.17%, respectively.
917
The utilizing of chitosan can be maximized by converting to
nano form by using the biological pathways, i.e., plant extract
(Saad et al., 2021d) and microbial synthesis of nanomaterials i.e.,
bacteria (Reda et al., 2020; Reda et al., 2021; El-Saadony et al.,
2020b; Abd El-Hack et al., 2021; El-Saadony et al., 2022) and fungi
(El-Saadony et al., 2021e; El-Saadony et al., 2021f). These pathways
produce eco-friendly and cost-effective nanomaterials of small
sizes with valuable biological activity (Sheiha et al., 2020; El-
Saadony et al., 2021g; El-Saadony et al., 2021h; El-Saadony et al.,
2021i). Therefore, the amount of chitosan is reduced and
maximized.

5. Conclusion

The new methodology has succeeded in extracting chitosan
from P. clarkii in good quality and high purity. It could achieve
89% deacetylation, high solubility, high purity, and mediummolec-
ular weight. FTIR, Raman, and Atomic force microscope have con-
firmed the identity of the P. clarkii chitosan as prepared by a new
method. The prepared chitosan has high solubility, low viscosity,
and high antioxidant activity, qualifying for different food
applications.
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