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ABSTRACT

An eco-friendly method of extraction for chitin and chitosan extracted from crawfish was our goal. Chitin
is always present with proteins, minerals, and other components. This study used an eco-accommodating,
novel technique for chitin and chitosan extraction. Lactobacillus lactis was used for the deproteinization
and demineralization of chitin in a single stage by Saccharomyces cerevisiae (BB: biological-biological
extraction) to convert chitin into chitosan. BB is a more environmentally friendly method of producing
chitosan than deacetylation with NaOH (BC: biological-chemical extraction). Chitosan was characterized
by FTIR. A high degree of deacetylation (%) was observed. The UV spectrum for chitosan was similar at
0.788, 0.415, and 1.150 for CC, BC, and BB, respectively. The results show that chitosan (BB) has
potential applications in the biomedical fields such as antioxidant activity, anticancer activity against
human liver cancer (HepG2), breast cancer (MCF-7) and human hepatocellular carcinoma (HCT) cell
lines. The results in terms of water treatment and removal of dyes using chitosan (BB) are valuable in
terms of its application in industrial wastewater treatment and demonstrate that it can be used as a
biosorbent.

Keywords: chitin, chitosan, crustacean, anticancer, antioxidant, water treatment; Lactobacillus lactis,
Saccharomyces cerevisiae

RESUMO

O objetive deste trabalho era criar um método de extragdo ecologicamente correto para a quitina e a
quitosana extraidas do lagostim. A quitina sempre estd presente com proteinas, minerais e outros
componentes. Este estudo usou uma técnica nova e ecologicamente correta para a extragdo de quitina e
quitosana. Lactobacillus lactis foi usado para a desproteinizagdo e desmineralizacdo da quitina em um
Unico estagio por Saccharomyces cerevisiae (BB: extracdo bioldgico-biolégica) para converter a quitina
em quitosana. O BB é um método mais ecoldgico de producéo de quitosana do que a desacetilagcdo com
NaOH (BC: extracéo biolégico-quimica). A quitosana foi caracterizada por FTIR. Foi observado um alto
grau de desacetilacdo (%). O espectro de UV para quitosana foi semelhante a 0,788, 0,415 e 1,150 para
CC, BC e BB, respectivamente. Os resultados mostram que a quitosana (BB) tem aplicacfes potenciais
nos campos biomédicos, tais como atividade antioxidante, atividade anticancerigena contra o cancer de
figado humano (HepG2), cancer de mama (MCF-7) e linhas celulares de carcinoma hepatocelular
humano (HCT). Os resultados em termos de tratamento de 4gua e remocgao de corantes usando quitosana
(BB) sdo valiosos em termos de sua aplicagéo no tratamento de aguas residuais industriais e demonstram
que ela pode ser usada como biossorvente.

Palavras-chave: quitina, quitosana, crustaceo, anticancer, antioxidante, tratamento de A&gua;
Lactobacillus lactis, Saccharomyces cerevisiae
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INTRODUCTION

Crawfish and crustacean waste, and even the
entire organic- rich shellfish no longer need to be
considered as disposable "waste" products with
low economic value. On the contrary, they
should be thought of as profitable alternatives
that can lead to valuable commercial products
(Fernandez-Kim, 2004). Nowadays wastes from
the world's fisheries go beyond twenty million
tons, which almost equal twenty-five percentage
of the total fisheries production (Hayes et al.,
2008).

Crawfish waste represents a significant and
renewable major resource in the form of the
biopolymer’s chitin and its deacetylated form,
chitosan (Hamdi et al., 2024; Hamed et al.,
2016) Permitted limits, high costs, and
environmental complications regarding the
disposal of marine processing waste have led to
improved importance in biotechnology research
regarding the sorting as well as extraction of
further high-quality, low-volume biomolecules
produced from shellfish waste treatments. Waste
containing exoskeletons o crustacean is now
considered as the chief source of biomass for
many important industries such as chitin
production (Abd El-Ghany et al., 2023).

Chitosan is recognized as partially deacetylated
chitin form, but it may be with higher water
soluble than chitin, and much more easily to be
processed. Therefore, the comparatively small
size chitosan are the molecules that are planned
for multiple applications in many fields such as:
agriculture; water and wastewater treatment;
nutrition and drinks; feed; chemicals; and
personal care (Zuber et al., 2013; Rinaudo,
2006). Additionally, chitosan has been
considered as bioactive compounds [8], offering
potential for application in, for instance, wound
dressing and cosmetics. Chitosan is considered
as important biomaterials. However, the process
including extraction as well as purification of
chitin and its subsequent conversion to chitosan
(oligomers) need numerous processing steps
(Zargar et al., 2015; Bastiaens et al., 2019).

A chemical extraction process is usually common
for chitin extraction which comprises three main
steps including demineralization, deproteination,
and finally deacetylation, by using concentrated
acids and alkalis under raised temperatures. Such

processing conditions require high amounts of
energy and are associated with several negative
implications such as an increase in the chitin
purification cost and impaired physiochemical
properties of the extracted product (Dhillon et
al., 2013).

Biological extraction is defined as green
extraction processes that are centered on the
concept of ‘green chemistry’ which is gaining
more consideration, by using microbes and/or
microbial enzymes for chitin and chitosan
extraction.

Chitosan and chitosan products have many
applied applications in a diverse range of fields,
comprising the food and nutrition industries,
aquaculture, agriculture, medicine, pharmacy,
biomedicine, cosmetology, bio-imaging,
veterinary medicine, the paper industry, the
textile and fiber industries, chromatography, the
beverage industry, photography, wastewater
treatment, sludge dewatering, biotechnology, and
nanotechnology (Morin-Crini et al., 2019; Zhao
et al., 2010; Hamdi et al., 2022a).

Nowadays, much more research studies are
needed on both extraction of chitin and its
subsequent bioconversion to chitosan from
crustacean wastes, principally on the conditions
necessary to reach high-grade chitosan. The
objectives of this study are to determine the ideal
conditions for chitosan synthesis from crawfish
waste, as well as to investigate the qualities,
properties, and uses of chitosan in the treatment
of tap water, contamination of which is the
primary cause of communicable illnesses. Germs
and chemicals can enter drinking water after it
has been treated, either at the source or in the
distribution system. Harmful microorganisms
and chemicals can contaminate tap water from a
diversity of sources, including chemical
fertilizers, insecticides, and other chemicals
applied to land near the water. Therefore, tap
water treatment is required to eradicate these
dangerous bacteria and biologically extracted
chitosan is considered good candidate for water
treatment (Sarbon et al., 2014).

MATERIALS AND METHODS
Local fishermen gathered the crawfish

Procambarus clarkia (Hamdi et al., 2022b) from
the Nile River, and stored and delivered them on
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ice. The muscles and viscera of crawfish were
removed from the exoskeletons, followed by a
tap-water wash. Exoskeletons were heated to a
boil for 15 minutes, dried, and then incubated at
50°C for ten hours. The samples were then dried
at room temperature before being crushed in a
grinder. Samples were stored out of the light in
clear nylon bags with silica preservation sacks
(Girard, 1852).

Bacteria (Lactobacillus lactis—ACADC 178—
accession number: LS991409), and fungus
(Saccharomyces cerevisiae—accession number:
006-001) were purchased from the Centre of
Microbiological Resources (Cairo Mircen),
Faculty of Agriculture, Ain Shams University,
Egypt (Hamed et al., 2016).

The subculture of L. lactis was carried out on
MRS Agar medium containing: Meat extract 8.0
g, MnS0O, 0.04 g, yeast extract 4.0 g (MERCK),
MgSQO, 0.2g, casein peptone 10.0 g, C¢H14N,04
2.0 g, CH3;COONa 5.0 g, D(+)glucose 20.0g and
tween 80 1.0g. Then, the liquid medium is
usually solidified by adding 15g/L and
incubating it for 48-72 h in the presence of 5%
CO, (Khanafari et al., 2007).

Czapek Dox agar medium was used for the
maintenance and cultivation of S. cerevisiae; the
medium composition is [K,HPO, 1g, sucrose
20g, KCI 0.5 g, FeS0,.7H,0 0.01g, NaNO; 2g,
MgSQO,.7H,0 0.5g, agar 15g] (Ali et al., 2012).
The media was incubated for 72 h at 37 °C, and
the solidification step was excluded. The two
microbial isolates are approved for human
consumption by the FDA (Wigner et al., 2022).
In addition, S. cerevisiae is considered as safe
and belonging to biosafety level one (Fialho et
al., 2009).

Chemical extraction was accomplished in three
steps. The first step was deproteinization, by
adding 1 g of crustacean powder to 9 ml of 5%
NaOH wt/vol.; the second step was
demineralization, using 25mL of 1IN HCI to
deproteinize the powder; and the third step was
deacetylation, where 20mL of NaOH 50%wt/vol.
was added to the previous flask (Arbia et al.,
2013).

Lactobacillus lactis was subcultured and

maintained using sterilized M.S. media.
Lactobacillus lactis was used to deproteinize and

Arg. Bras. Med. Vet. Zootec., v.76, n.6, 2024

demineralize the sample with crustacean shells.
It was then filtered, and Saccharomyces
cerevisiae performed an eco-friendly
deacetylation process, instead of NaOH
50%wt/vol. (Zhao et al., 2010).

Lactobacillus lactis was subcultured and
maintained using sterilized M.S. media.
Lactobacillus lactis was used to deproteinize and
demineralize the sample with crustacean shells.
It was then filtered, and after a period of time,
the deacetylation step was carried out using 50%
NaOH (Pal et al., 2014).

The spectra of FTIR of the commercial chitosan
and extracted chitosan (biological, chemical)
were obtained to confirm the structure of
chitosan by FTIR graph analysis, according to
the method described by Fernandes Queiroz et
al. (2014).

The extracted chitosan elemental analysis by
different methods was performed using an
elemental analyzer, and approximately three mg
of chitosan was used (Ming-Tsung et al., 2009).
The elemental analysis procedure was usually
used for determination of the percentage of
carbon, hydrogen, and nitrogen in samples using
the three extraction methods.

After the samples were dried, their solubility was
evaluated to make sure that chitin had been
converted to chitosan Bauer et al., 1966).

Solubility
500 —m1

~ 0.5m1 = mass of undissolved solids (mg)

After adding 0.1g of each sample, they were
dissolved in 1% and 5% acetic acid. The
remaining undissolved chitosan was then
collected using gravity filtration, rewashed with
acetone, and then dried at 40°C under vacuum
overnight before being weighed.

Using double-distilled water at 25°C and stirring
for 5 hours to create a saturated solution, the
sample was then suspended. Undissolved solids
were at that point recovered by gravity filtration,
washed with acetone, and dried at 40°C under
vacuum overnight before being weighed.

The degree of deacetylation of chitosan was
determined using infrared spectroscopy as per
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the method described by lbrahim et al. (2019).
After weighing 0.1g chitosan powder, then
dissolving it in 25mL of 0.06 M for 1 h at room
temperature using a magnetic stirrer, the solution
was diluted to 50 ml, titrated against 0.1 NaOH
to pH 3.75 with continuous stirring, and the
volume of NaOH at pH 3.75 was recorded.
Titration to pH 8 was then carried out and the
NaOH volume was recorded (lbrahim et al.,
2019).

b 161.16(v2 — v1)N

wl
DD: degree of deacetylation 161.16:
mass of chitosan monomer
V,V,: NaOH volumes
of NaOH (0.1M)
W1: mass of sample after correction for moisture

(3009)

N: strength

The thermal stability of the biologically extracted
chitosan sample (BB extracted) was measured in
the National Research Center for Housing and
Building, Egypt, using a Shimadzu TGA-50H
instrument under a nitrogen atmosphere with a
warming rate of 10°C/min (Moitovich et al.,
1994).

The viscosity was measured for the biologically
extracted chitosan (BB extracted) using an
Ostwald capillary viscometer (Shehata, et al.,
2023). The relative viscosity was calculated as
follows: Chitosan polymer was dissolved in 5%
acetic acid and 1 M KCI to obtain the intrinsic
viscosity used in molecular weight calculations.
Chitosan viscosity was measured for different
concentrations (0.1%, 0.2%, 0.3%, 0.4 %, 0.5 %)
to establish a standard curve; then, the intrinsic
viscosity was calculated.

The molecular weight was calculated using the
following equation:

(n) =KMa.
(K) and (a) are empirical viscometric constants,
at which, K=1.81 X 10-3 ml/g and a= 0.93.

The antioxidant potentiality of the extracted
chitosan from crawfish exoskeletons was
estimated against a 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay according to the
method described by Navarro-Hoyos et al.
(2018). To evaluate the potential antioxidant

activity of the extracted chitosan, the following
steps were performed:

Sample preparation: The sample was prepared at
a final concentration of 7.8125, 15.625, 31.25,
62.5, and 125pg/mL in distilled water. Trolox
standard  preparation: A  solution  with
concentration 20ug/mL of Trolox was prepared
in methanol as stock solution, from which, five
concentrations were set with concentration 12.5,
9.375, 6.26, 3.125, and 1.5625pg/mL.

Procedure: DPPH (2,2-diphenyl-1-picryl-
hydrazyl-hydrate) free radical assay was
performed according to the following procedure:
Briefly, 100uL of freshly prepared DPPH reagent
(0.1% in methanol) was added to 100 pL of the
sample in 96-well plate (n=6); the reaction was
incubated at room temperature for 30 min in the
dark (Al-Qaysi et al., 2021). At the end of the
incubation time the resulting reduction in DPPH
color intensity was measured at 540 nm. Data are
represented as means according to the following
equation: percentage inhibition = ((Average
absorbance of blank-average absorbance of the
test)/(Average absorbance of blank))*100

Cell lines were purchased from the National
Cancer Institute and were maintained as a
“monolayer culture” wusing RPMI medium
augmented with 10% FBS and 2% Pen/Strep.
The incubation temperature was set at 37 °C in
5% CO2 in a high-humidity atmosphere in an
incubator (Thermo Fisher Scientific USA) as
mentioned by Zhao et al. (2010).

The lines were repetitively sub-cultured to retain
them in the log phase. Sterile conditions were
achieved by working in an equipped laminar
flow cabinet (Microflow Laminar flow cabinet,
MDH limited, Hampshire SP10 5AA, U.K)).
Cells were grouped into the control group and
treatment groups with different concentrations of
the drug (12.5, 25, 50, and 100pug/mL)

After twenty-four hours, we added ten pl of the
MTT reagent (0.5 mg/ml) to each well. The
microplate was then incubated for four hours.
100 pl of the prepared solution was added into
each well. Finally, we measure the absorbance of
the samples using a microplate (ELISA) reader
after whole solubilization of the purple formazan
crystals at 570nm. The percentage of cell
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viability was calculated using the following
equation:

The viability of cells (%) = [ODS/ ODC] x 100.

ODS stands for the sample’s mean optical
density, while ODC is the control's mean optical
density (Zhao et al., 2010).

The parameters for water quality were assayed in
the Micro-analytical Center, Cairo University.

The pH (potential hydrogen) was measured by a
pH meter (George et al., 2013). EC (electrical
conductivity) was measured using an EC
instrument electrode. TDS (total dissolved
solids), CO3, HCO3, CI, and SO, were measured
using titration processes Ca, Mg, Na, and K
concentrations were measured by atomic
adsorption, following the method described by
the authors. Residual chlorine and COD
(chemical oxygen demand) were obtained by the
titration processes (Fouad et al., 2022). BOD
(biological oxygen demand) was measured using
a BOD instrument, following the method
described by the authors in (Fouad et al., 2022).
TSS (total suspended solid) measurements were
performed using gravimetry, as described by the
authors in (Fouad et al., 2022).

The biologically extracted chitosan was tested to
remove the color of five synthetic dyes. The test
was carried out at 47.5°C, pH=4.5. The reaction
solution concentration was 1 g/L of biologically
extracted chitosan along with the dye: 25, 50 or
100mg/L (Malachite green, Bromothymol blue,
Eosin, Congo red, and Crystal violet), all dyes
were purchased from Sigma Aldrich. The
percentage of dye decolorization, calculated as
decolorization percentage, using the following
formula: decolorization (%) = [(Ai— At)/Ai] x
100, where Ai: initial absorbance of the dye and
At: absorbance of the dye over time (Zhuo et al.,
2015).

All the presented data were the mean of three
replicates. The SPSS 22 software (SPSS Inc.,
Chicago, IL) was used to determine the standard
deviation (SD); p>99%.

Crawfish is one of the commonly used sources of
food for humans. Following the common
procedure, about eighty percent of crayfish shells
become discarded, and approximately hundreds

Arg. Bras. Med. Vet. Zootec., v.76, n.6, 2024

of thousands of tons of crawfish exoskeletons are
generated every year (Arvanitoyannis and
Kassaveti, 2008). The random discarding of
crayfish shells naturally or through landfill may
cause environmental pollution (Marei et al.,
2016). In contrast, suitable discarding of this
waste can be expensive, for example, in Australia
it reaches up to 150 dollar per ton (Abd El-
Ghany et al., 2023). Markedly, the crayfish shell
has a unique composition and contains three
basic compounds, namely protein (20%-30%),
calcium carbonate (from 30% to 40%), and chitin
from 20% to 30% (Zuber et al., 2013). Some
minor elements have been identified, comprising
lipids, astaxanthin, and other ingredients.
Reasonable utilization of the rich crayfish shell
resources is now attractive for scientists
(Arvanitoyannis and Kassaveti, 2008).

In this study, BB extraction was considered as
another approach, employing proteolytic bacteria
such as Lactobacillus lactis and Saccharomyces
cerevisiae. Lactobacillus lactis deproteinizes and
demineralizes chitin in a single process, and
Saccharomyces cerevisiae deacetylates chitin to
produce chitosan. Saccharomyces cerevisiae
produces chitin  deacetylase enzyme to
deacetylate chitin. Chitosan is consequently
formed as a green alternative that has more
homogenous properties. Chitin's N-acetyl-D-
glucosamine residues are deacetylated by chitin
deacetylase enzyme. S. cerevisiae has been
shown to include the genes CDA1 and CDA2 for
chitin deacetylase (Zhao et al., 2010).

The extracted chitosan was characterized in
terms of "Fourier transform infrared" or FTIR
spectroscopy, elemental analysis, solubility,
degrees of deacetylation (DA), and mass
spectroscopy (Marei et al., 2016).

FTIR spectroscopy was used to explore the
vibrational properties of amino acids and
cofactors that are subject to minute structural
changes. The infrared spectra of the commercial
and extracted chitosan from crawfish are
presented in Figure 1 and Table 1. The IR
spectrum of crawfish chitosan showed the
presence of characteristic bands such as those at
3423 cm™, 3400 cm', 3400 cm™, and 1628
cm ' for the chitosan standard, BB-, BC-, and
CC-extracted chitosan, respectively. These bands
were in the same range of bands characteristic of
chitosan (Hamdi et al., 2022a) These
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corresponded to (NH,) in primary amines in the
samples tested. Bands at 3423 cm*, 2900 cm %,
2900 cm™, and 2651 cm™ for the chitosan
standard, BB-, BC-, and CC-extracted chitosan,
respectively, corresponded to (OH) in the
pyranose ring. CH, bands in CH,OH (C-H) in
the pyranose ring of the crawfish chitosan
standard, BB-, BC-, and CC-extracted chitosan
were at 2880-2923cm*, 1450cm ™, 1600cm ',
and 1400cm*,, respectively. On the other hand,
bands resembling (C=0) in NHCOCH3 (amide |
band) were as follows: 1667-1629cm *,
1550cm™, 1450cm ™, and 1156cm* for the
chitosan standard, BB-, BC-, and CC-extracted
chitosan, respectively; furthermore, bands
resembling (CH,) in the CG,OH group were at
1422cm’, 1650cm ™, 1300cm™*, and 1025cm ™,
respectively, while the bands (CH3) in
NHCOCH; (amide functional group) were at
1380cm !, 1300cm™, 1150cm’, and 531cm ™,
respectively. Similarly (C-H) bands in the
pyranose ring complex of the NHCO group
(amide 111 band) were at 1322cm™, 1100cm *,
1050cm™?, and 578cm*; (C-O-C) glycosidic
linkage bands were at 1155cm*, 900cm %,
700cm™, and 1628cm™*; and  aromatic
compounds bands were at 1155cm™, 900cm?,
700cm*, and 1628cm ™ for the crawfish chitosan
standard, BB-, BC-, and CC-extracted chitosan,
respectively.

The structural integrity of the chitosan extracted
using the CC, BB, and BC methods was verified
by FTIR analysis, as shown in Figure 1.

The resulting differences in reaction-induced
FTIR spectra were used to determine the IR
fingerprints of each relevant residue using a
variety of methods. Therefore, we compared the
three  different extraction methods with
commercial standard chitosan and realized the
following: in CC-extracted chitosan, we cannot
see (CH3) in NHCOCH3 (amide functional
group); in BC-extracted chitosan, we cannot see
(CH3) in NHCOCH3 and (C-O-C) glycosidic
linkages; and finally, for BB-extracted chitosan,
we cannot see (CH2) CG20H group and (C-O-
C) glycosidic linkages. We can see from the
FTIR test results that almost all the three
methods are similar with slightly more
acceptance for the CC extraction method. By
comparing the results from previous studies and
the standard (Abd EI-Ghany et al., 2024), the CC
extraction method resulted in a carbon,

hydrogen, and nitrogen percentage of 17.21,
3.53, and 4.28 %, respectively. BC-extracted
chitosan had carbon, hydrogen, and nitrogen
percentages of 29.78, 5.9. and 4.83%,
respectively, and BB-extracted chitosan had
carbon, hydrogen, and nitrogen percentages of
32.74, 6.37, and 5.68 %, respectively.

The biological extraction process was better than
the chemical method because it not only
preserves the chitin structure but is also safe to
the environment. Deproteination and
demineralization of crawfish shells can also be
achieved via a biological method by employing
proteolytic bacteria (Lactobacillus lactis). Next,
the deacetylation process was used to convert
chitin into chitosan using Saccharomyces
cerevisiae, which is a green alternative for
chitosan  production in comparison with
deacetylation with NaOH. The biological
extraction  of  chitin  involves  simpler
manipulation, a lower energy input, and greater
reproducibility in comparatively less time and
with a lower solvent consumption (Khanafari et
al., 2008; Yadav et al., 2019).

It is quite clear that the spectrum of the
commercial chitosan standard and that obtained
utilizing biological methods tended to be similar
in that the bands that were seen virtually exactly
identified the chitosan structure.

After comparing the percentages of nitrogen,
carbon, and hydrogen for the three extraction
techniques and a chitosan standard, the carbon
percentages for the CC and BC extraction
methods were very good, while the hydrogen and
nitrogen percentages for BB extraction were
comparable to the standard percentage.
Therefore, the procedure of biological procedure
for chitin extraction is gaining immense attention
as it is cleaner, eco-friendly, and economic, along
with it being able to produce chitin and chitosan
with the desired properties (Khanafari et al.,
2008). The chitosan nitrogen content rises with
elongated deacetylation reaction and a more
efficient deacetylation of chitin with a high
chitosan deacetylation (Kumari et al., 2015).
When comparing the results with the crawfish
chitosan standard, the carbon, hydrogen, and
nitrogen percentages were 35.04, 6.57, and 6.73,
respectively. We can conclude that CC produces
non-acceptable results. Furthermore, the BB
extraction method produced the best result, and it
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was similar to the standard, so we can admit that
the BB extraction method is the best method for
the extraction of chitosan from crawfish.

The percentage solubility of chitosan extracted
by three different methods in water were as
follows: 97%, 92%, and 75% for the BB
extraction of chitosan, BC extraction of chitosan,
and CC extraction of chitosan, respectively.

The percentage solubility of chitosan extracted
by three different methods in acetic acid were as

follows: 98%, 90%, and 77%, respectively, for
the BB extraction of chitosan, BC extraction of
chitosan, and CC extraction of chitosan,
respectively.

When comparing the degree of acetylation for
the three separate extractions, each with the
volume specified above, the findings showed a
high degree of deacetylation (%), with
percentages of 89.6, 90.8, and 93.4% for the CC,
BC, and BB extractions, respectively.
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Figure 1. FTIR chart of extracted chitosan: (A) chemical-chemical extraction, (B) biological-chemical
extraction, and (C) biological-biological extraction.
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Table 1. FTIR spectra characteristics and functional groups of chitosan extracted by three methods of
extraction: (A) chemical-chemical extraction, (B) biological-chemical extraction, and (C) biological—

biological extraction

CC extraction BC extraction

BB extraction

Crawfish chitosan Vibration mode

(1/cm) (1/cm) (1/cm) Standard (1/cm)
3442 3400 3400 3423 (NH2) in primary amines
2925 2900 2900 3423 (OH) in pyranose ring
(CH2) in CH20H
1628 1600 1450 2923-2880 (C-H) in pyranose ring
(C=0) in NHCOCH3
2651 1450 1550 1667-1629 (amide | band)
1440 1300 1650 1422 (CH2) CG20H group
(CH3) in NHCOCH3
1156 1150 1300 1380 (amide functional group)
(C-H) in pyranose ring
1025 1050 1100 1322 complex of
NHCO group
(amide 111 band)
531 700 900 1155 (C-0O-C) glycosidic linkage
578 550 550 800-400 Aromatic compounds

Table 2. Carbon, nitrogen, and hydrogen percentages in the three different methods of extraction: (A)
chemical-chemical extraction, (B) biological-chemical extraction, (C) biological-biological extraction

Sample Compounds Carbon % Hydrogen % Nitrogen %
CC extraction 17.21 3.53 4.28
BC extraction 29.78 5.9 4.83
BB extraction 32.74 6.37 5.68
Standard 35.04 6.57 6.73

Table 3. Degree of deacetylation in the three extraction methods and UV peaks of: (A) chemical—-chemical
extraction, (B) biological-chemical extraction, and (C) biological-biological extraction. All data are +

standard deviation

Type of extraction Degree of deacetylation (%) UV peaks

CC extraction 89.6x1.1 0.210 at 280 nm
0.788 at 295 nm

BC extraction 90.89+1.3 0.415 at 285 nm

BB extraction 93.47+£15 1.150 at 299 nm

The CC extraction of chitosan produced two
peaks of 0.210 and 0.788 at 280 and 295,
respectively. The BC extraction of chitosan
produced many peaks from 200 to 300 nm and
one peak of 0.415 at 285 nm as shown in table
(3). The BB extraction of chitosan had one peak
of 1.150 at 299nm. Chitosan can also be
determined based on its ultraviolet-visible (UV-
Vis) spectroscopy. This characterizes molecules
by using absorption spectroscopy in the
ultraviolet and visible wavelength ranges of 180-
380 nm and 380-750 nm, respectively. This is
one of the most fundamental strategies that must
be wused when characterizing an analyte.
Chromophores are light-absorbing functional
groups found in all major families of

biomolecules. When these chromophores absorb
UV-Vis light, they are stimulated from their
ground state to a higher energy level, producing
unique spectra that aid in the identification of
particular molecules (Boly et al., 2016).

The UV spectrum was measured for chitosan
extracted from crawfish using BB, BC, and CC
extraction methods at 295nm.

The maximum absorbance was 1.150 for BB-
extracted chitosan, 0.415 for BC-extracted
chitosan, and 0.788 for CC-extracted chitosan;
the highest absorbance (1.150) was observed for
biologically extracted chitosan, which indicates
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that it was the highest sample in terms of yield
concentration.

Another way to characterize the extracted
chitosan is by X-ray diffraction (XRD), which is
a versatile, non-destructive analytical technique
used to analyze physical properties such as phase
composition,  crystal  structure, and the
orientation of amorphous polymer when it has a
disordered structure or crystalline high-order
structure of chitosan. The crystalline structure
has a higher degree of deacetylation and a lower
number of impurities than the amorphous
structure (Lalitha, 2004).

The XRD of chitosan is characteristic of an
amorphous polymer when it has a disordered
structure or crystalline high-order structure [42].
The XRD for CC extraction showed no peak
2theta at 10 and had a broad peak at 20, with
other peaks of 22, 26, 30, 40, 49, 55, and 66. The
XRD for BC extraction showed no peaks at 10
and a broad peak at 20, rather than other peaks at
29, 32, 34, 36, 40, 43, 57, 59, and 56 as shown in
Fig. 2. The XRD for the BB extraction method
had a peak at 10, and a broad band at 20, 26, 33,
34, and 38. The peaks around 9.63 and 20.53
were related to crystal-l and crystal-1l in the
chitosan structure, and both peaks were
attributed to a high degree of crystallinity of the
prepared chitosan (Gunister et al., 2007). BB
extraction had very good XRD result, with 2theta
peaks at 10 and 20, and only a few other peaks.

TGA curves of biologically extracted chitosan
were used as measurement of the thermal
stability of chitosan, as shown in Fig. 3. Two
endothermic peaks were observed. The first peak
appeared at 77.9 °C and corresponded to the loss
of water. The second emerged at 298.68 °C. This
result is in accordance with the results of Kumar
and Koh (2012), who stated that the TGA curve
of pure chitosan shows that the two stages of
weight loss are in the range from 47 to 450 °C
and the difference may be due to some
impurities. The molecular weight of biologically
extracted chitosan was calculated to be 78.18 Da,
using the intrinsic viscosity. Some of the factors
that affect chitosan viscosity are: ionic strength,
temperature, molecular weight, degree of
deacetylation, pH, and bleaching. Most
commercial chitosans have molecular weights
ranging from 50 to 2000 kDa, with an average
DDA of 50-100% (commonly 80-90%). Based
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on molecular weight, chitosan can be grouped
into low molecular weight (<100 kDa), medium
molecular weight (100-1000 kDa), and high
molecular weight >1000 kDa (Santoso et al.,
2020).

Chitosan is used in drug delivery systems, as its
molecular weight is sufficiently low to allow it to
be excreted by the kidney. The amino and
carboxyl groups of the chitosan molecule (Zargar
et al., 2015) can create a hydrogen bond with
glycoproteins in mucus, resulting in an adhesive
action. As mucoproteins in mucus are positively
charged, chitosan and mucus are attracted to each
other, which increases drug retention and
continuous drug release in vivo, while also
improving drug bioavailability (Le Page et al.,
2015).

Oxidation, which is among the chief factors in
chemical spoilage, can also have an impact on
food, where it can lead to rancidity and/or a
decline in the nutritional value, color, flavor,
texture, and safety of the food (Bauer et al.,
1999; Bae et al, 1999). The crawfish
exoskeleton, containing chitosan that can be
extracted by BB extraction using S. cerevisiae,
shows that when the concentration of the sample
is increased, the DPPH scavenging rises, as
shown in Figure 4. The ICs value of the sample
was 56.2 pug/mL, compared to strong antioxidant
control like Trolox, for which the 1Csq was 79.4
pg/ml, as shown in Fig. 5. The significance of
oxidation in the human body and in food has
long been understood. Cells must be able to carry
out oxidative metabolism to survive. The
generation of free radicals and other reactive
oxygen species, which leads to oxidative
alterations, is a side effect of this reliance. There
is mounting evidence that these species
participate in numerous typical in vivo regulation
systems (Santoso et al., 2020). Upon oxidation of
some cell components such as DNA, cellular
proteins, membrane lipids, and enzymes, free
radicals can overcome protective enzymes like
superoxide dismutase, catalase, and peroxidase
and produce destructive and lethal cellular
effects (such as apoptosis), which blackout
cellular respiration. However, it appears that cell
signaling pathways are affected by reactive
oxygen species in ways that are not fully
understood (Le Page et al., 2015). Based on
estimations, deteriorative postharvest responses
cause the failure of more than 50% of the world's
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fruit and vegetable crops (Colbert and Decker,
1991). The interactions of different antioxidants
offer protection mechanisms against the
destructive effects of oxidation, and the need to
determine antioxidant activity is a must.
Chitosan is known to stimulate mitosis, late-
stage apoptosis, and S-phase cell cycle arrest in
HCT116 cells. It has also inhibited the
development of HCT116 cells in vitro and in
vivo through promoting BAK mRNA expression
and decreasing BCL-2 and BCL-xL (Shahidi and
Wanasundara, 1992). When comparing our
results, BB-extracted chitosan had a high
antioxidant activity compared with other
extraction methods and compared with the
Trolox standard, with an 1Csq of 7.353 pg/mL.

(A)

The ICsy value is the concentration of an
antioxidant required to scavenge 50% of the
DPPH radicals in a solution. The lower the I1Csq
value, the more potent the antioxidant (Ngo and
Kim, 2014; Tian et al., 2007). The antioxidant
effect of chitosan has been reported to decrease
the oxidation of lipids by chelating ferrous ions
in crawfish. This eliminates the prooxidant
activity of ferrous ions by preventing their
conversion to ferric ion (Muthu et al., 2021). In
the same way, chitosan obtained from Tunisian
marine shrimp (Penaeus kerathurus) waste, crab
(Carcinus mediterraneus) shells, and cuttlefish
(Sepia officinalis) bones exhibited antioxidant
properties (Chlif et al., 2021).
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Figure 2. XRD analysis chart of extracted chitosan: (A) chemical-chemical extraction, (B) biological-
chemical extraction, and (C) biological-biological extraction.

10

Arg. Bras. Med. Vet. Zootec., v.76, n.6, 2024



Advances in extraction...

TGA
mg

DiTGA

10.0

- 1.150 mg
-1L.768%

8.00

6.00

4.00

000

- 5.90Tmg
- T0.214%

- 3981 mg
- 4. 4680%

0.40

-0.60

288.60C

[IX1] 100 200
Temp(C)

300 200 s00
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Figure 4. Antioxidant activity of BB-extracted chitosan when compared to Trolox.

As is shown in Figures 5, 6, and 7, cell viability
decreased with the gradual increase in
concentration of extracted chitosan for the three
cancer cell lines HepG-2, HCT, and MCF-7. The
ICs, values for the CC, BC, and BB extraction of
chitosan on HepG2 (49.9 ug/mL, 51.9 ug/mL,
and 26.9 ug/mL, respectively), HCT (54 ug/mL,
59 ug/mL, 59 ug/mL, respectively), and MCF-7
(31 ug/mL, 33 wug/mL, and 35 ug/mL,
respectively) decreased as the concentration of
extracted chitosan increased. Chitosan has the
capacity to affect tumor cells directly by
interfering with cell metabolism, limiting cell
growth, or triggering cell death. It also has an
anticancer effect by boosting immunological
function. Chitosan's anticancer properties in vitro
and in vivo point to its promising use as a
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supplemental anti-cancer medication and drug
carrier (No et al., 2007). On the tumor cell
surface, it displays selective adsorption and
neutralizing actions. It can target the liver,
spleen, lungs, and colon as a drug carrier. The
potential applications of chitosan include use in
the biomedical field to utilize its antioxidant
activity and anti-cancer activity against HepG-2,
HCT, and MCF-7 cell lines, using it to improve
food safety, and many other applications (Morin-
Crini et al., 2019).

According to our findings, the BB extraction

technique had the lowest I1Cs, values for the three
cell lines tested: HepG2, HCT, and MCF-7.
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Water is a vital natural resource on earth that is
critical for agricultural, domestic, industrial, and
several recreational activities (Dudhani and
Kosaraju, 2010). Chitosan, a biosorbent, plays an
important role in water treatment (Hajji et al.,
2015). The water treated with chitosan had a
reduced chlorine content from 35.4 to 30.08mg/L
(4 mg/L); effective continuous disinfection is
provided by free chlorine residuals in water
distribution systems of 0.5 to 2.0mg/L.

The pH of tap water treated with extracted
chitosan was lowered from 6.98 to 6.88 to be
close to the normal level; the normal pH of
drinking water lies within the range 6.5-8.5. The
HCO; was also reduced from 207.45 to
61.017mg/L (Cao et al., 2005). Also, the
concentrations of Ca?*, Mg®*, Na*, and K* were
reduced from 55.7, 30.624, 38.62, and 13.293 to
40.08, 15.65, 18.16, and 2.13mg/L, respectively.
These results are in line with those of other
studies in which treatment with chitosan led to a
lowered pH and reduced mineral concentrations
to a safe level (Bhatt et al., 2023).

These tests were performed for tap water
samples, including different  elemental
concentrations and parameters for water in the
sample, before and after treatment with chitosan.
Finally, water treated with active carbon and
modified with a chitosan filter went through the
same tests (different elemental concentrations
and parameters for water quality) to provide an
obvious comparison between the three water
samples.

In terms of drinking water characteristics such as
taste and odor, the secondary maximum
contaminant level (SMCL) for sulphate in
drinking water is now 25 milligrams per liter
(mg/L). According to the EPA estimates, 3% of
the nation's public drinking water systems may
have sulphate levels of 25mg/L or more
(Dudhani and Kosaraju, 2010). In this study,
sulphate concentration decreased from 25.9 to
14.2mg/L, which is acceptable in accordance
with the standard.

In the USA and Canada, the calcium content of
water ranges from 1 to 135mg/L, and in this
study the calcium concentration was decreased
from 55.7 to 40.08mg/L. With an average
calcium content of 21.8mg/L, spring water is
generally found to have a comparatively low
calcium content (Bhatt et al., 2023). Magnesium
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makes up around 25% of the human body, with
60% of that amount found in bones, and 40% in
the muscles and tissues. The WHO guidelines
state that the maximum amount of magnesium
that should be present in water is 50mg/L (Bhatt
et al., 2023).
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Figure 5. Effect of chitosan extracted by different
methods on HepG-2 cell line: (A) chemical—
chemical extraction, (B) biological-chemical
extraction, and (C) biological-biological extraction.

Most water supplies contain less than 20 mg of
sodium per liter (Meride and Ayenew, 2016), and
after chitosan treatment, it was found that the
concentration of sodium decreased from 38.62 to
18.16mg/L.  Furthermore, the  maximum
allowable concentration of added potassium is
20mg/L according to drinking water advisory
(2003).
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Figure 6. Effect of chitosan extracted by different
methods on HCT cell line: (A) chemical-chemical
extraction, (B) biological-chemical extraction, and
(C) biological-biological extraction.
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Figure 7. Effect of chitosan extracted by different
methods on MC?7 cell line: (A) chemical-chemical
extraction, (B) biological-chemical extraction, and
(C) biological-biological extraction.

Table 4. Chemical comparison between tap water and after treatment with chitosan filter; all data are +

standard deviation

Parameter Untreated Tap water (mg/L) After treatment with chitosan (mg/L)
Cos™ ND ND

HCOs5 207.515.1 61.0+2.7

Cr 35.5+3.8 30.1+2.9

So,” 25.9+1.9 14.1+1.3

Ca** 55.7+4.2 40.1+4.1

Mg 30.6+3.7 15.742.4

Na* 38.6+3.4 18.2+2.6

K* 13.3£1.6 2.1+0.3

Residual chlorine 7.44%0.2 ND

The ability of a solution to convey current
through its ionic process is measured by
electrical conductivity (EC). WHO guidelines
state that the EC value should not be greater than
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0.4 ds/ml according to WHO (Potassium...,
2009). The EPA recommends a TDS
concentration in water of 500mg/L (500 mg/L)
according to Department of Health Annual
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Report 2017-2018. The annual report provides
detailed information about the Department of
Health’s financial and non-financial performance
for 2017-18. It has been prepared in accordance
with the Financial Accountability Act 2009, the
Financial and Performance  Management
Standard 2009, and the annual report
requirements for Queensland Government
agencies.

Our results of BOD decreased from 10mg/L to
zero when a chitosan filter was used; the same
trend was observed with COD, which decreased
from 115.9mg/L to 32.65mg/L. The greater the
organic matter contamination in water, the
greater the COD value according to (Drinking
Water Advisory, 2003). The most frequent use of
COD is to quantify the number of oxidizable
pollutants present in surface water according to
(Potassium..., 2009). Biochemical oxygen
demand (BOD) is a measure of how much
oxygen is consumed by bacteria and other
microorganisms during the aerobic (oxygen-
containing) decomposition of organic matter at a
given temperature. One thing you cannot see
when looking at water in a lake is oxygen.
Although the WHO does not set particular limits
for BOD or COD, lower values are preferred (Xu
et al., 2020). Our results agree with the
standards, where COD and BOD levels up to
30mg/L may be appropriate. The BOD decreased
from 10mg/L to zero when the chitosan filter was
used, and the same trend was observed with
COD, which decreased from 115.9mg/L to
32.65mg/L. On the other hand, TSS levels under
10mg/L are regarded good for drinking water
according to (World..., 2011), which was in line
with our results after treatment with chitosan,
where the TSS level decreased from 0.062 to
0.05mg/L. This is also approved by Meride who
used chitosan only and found, when using the
selected dose of 8mg/L, that the BOD value
reached 8.0, and the COD value reached
approximately 10.00mg/L (45% removal rate).
The TOC reached 3.3 mg/L (removal rate of
45%) according to (Bhatt et al., 2023). TSS level
decreased from 0.062 to 0.05mg/L. after
treatment with chitosan.

The biologically extracted chitosan was used to
decolorize five synthetic dyes (bromothymol
blue, malachite green, eosin, Congo red, or
crystal violet.). Decolorization was monitored by
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measuring the absorbance of the reaction mixture
at a concentration of 25, 50, or 100mg/L.

As is shown in Figure 8, biologically extracted
chitosan could efficiently decolorize different
synthetic dyes. Decolorization efficiency showed
the same trend at the three tested concentrations.
However, increasing the dye concentration was
somehow associated with less decolorization.
Bromothymol blue, malachite green, eosin,
Congo red, or crystal violet (100mg/L) could be
decolorized up to 80%, 84.1%, 65%, 60.9%, and
78%, respectively, within 15 hours. The
biologically extracted chitosan displayed the
maximum decolorization percentage against the
malachite green dye.

Table 5. Water characteristics before and after
treatment with chitosan filter. All data are mean
+ standard deviation

Parameter  Untreated Tap After treatment
water with chitosan
pH 6.98+0.13 6.88+0.18
EC 0.36+£0.04ds/m  0.23+0.03ds/m
TDS 230.4+1.7mg/L  120.8+1.9mg/L

COoD 115.9+0.81mg/L  32.65x0.83mg/L
BOD 10+0.78mg/L ND

TSS 0.062+£0.01mg/L  0.05+0.02mg/L

Commonly, physical or chemical methods for
dye removal are expensive, have low efficiency,
and sometimes generate other pollutants.
Modified chitosan is a good candidate to be used
as a sorbent for dye decolorization that has been
successfully applied to remove anionic amaranth
red and cationic methylene blue dyes from
colored effluents (Couture et al., 2018).

Kyzas et al., 2017, used modified chitosan in the
same way and found it has a very high sorption
potential for some dyes such as reactive red and
amaranth red dyes. Eichlerova et al., 2006, found
that, compared to other dye groups,
triphenylmethane dyes are resistant to enzymatic
treatment and need a longer time for
decolorization (Muzzarelli, 1973). The selected
pH was 4.5 because the decolorization efficiency
drastically decreased above pH 5.0 due to the
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deprotonation of the amide groups of the grafted
chitosan (Labidi et al., 2019). On the other hand,
at a pH above 8.0, the decolorization efficiency
decreased due to the presence of OH— ions in the
basic solution acting as competitive ions for dye

in reaction temperature could greatly accelerate
the dye removal (Kaczorowska and Bozejewicz,
2024), so the selected temperature was set to
45°C; most industrial effluents with dyes have a
slightly elevated temperature around 40-45.

removal (Bellaj et al., 2024). Also, the increase
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Figure 8. Decolorization of different dyes by biologically extracted chitosan: bromothymol blue, malachite
green, eosin, Congo red, or crystal violet. All data are mean + standard deviation.

CONCLUSIONS Lactobacillus  lactis and  Saccharomyces
cerevisiae is more  economical and
environmentally benign. Chemical extraction
techniques may cause chitin to become

Our research led us to the conclusion that the
novel eco-friendly method of extraction of

chitosan from the exoskeleton waste of crawfish
is efficient. Extracted chitosan is considered a
non-toxic, biodegradable polymer that is utilized
in a variety of industries, including food,
agriculture, wastewater treatment, medicines,
cosmetics, and textiles. In comparison to
chemical extraction, the biological extraction of
chitin and chitosan by utilizing probiotics like

Arg. Bras. Med. Vet. Zootec., v.76, n.6, 2024

denaturized and involve the use of hazardous
organic solvents that harm the environment. The
present study opens a new avenue for the eco-
friendly extraction of chitosan from chitin that is
proficient and environmentally sustainable,
which can be used for different applications,
especially in dye decolorization.

15



Hamdi et al.

ACKNOWLEDGMENTS

The authors would like to thank Princess
Nourah bint  Abdulrahman University
Researchers ~ Supporting  Project  number
(PNURSP2024R357), Princess Nourah bint
Abdulrahman University, Riyadh, Saudi Arabia.

FUNDING

Princess Nourah bint Abdulrahman University
Researchers ~ Supporting  Project  number
(PNURSP2024R357), Princess Nourah bint
Abdulrahman University, Riyadh, Saudi Arabia

REFERENCES

ABD EL-GHANY, M.N.; HAMDI, S.A.; ELBAZ,
R.M. et al. Development of a microbial-assisted
process for enhanced astaxanthin recovery from crab
exoskeleton waste. Fermentation, v.9, 505, 2023.

ABD EL-GHANY, M.N.; YAHIA, R.A.; FAHMY,
H.A. Nanosensors for agriculture, water, environment,
and health. In: ALI, G.AM. CHONG, K[,
MAKHLOUF, ASH. (Eds.). Handbook of
nanosensors. [Berlin]: Springer, 2024.

ALI, M.; KHALIL, N.; ABD EL-GHANY, M.
Biodegradation of some polycyclic aromatic
hydrocarbons by Aspergillus terreus. Afr. J. Microbiol.
Res., v.6, p.3783-3790, 2012.

AL-QAYSI, S.AS.; AL-HAIDERI, H.; AL-
SHIMMARY, S.M. et al. Bioactive levan-type
exopolysaccharide produced by Pantoea agglomerans
ZMRT: characterization and optimization for enhanced
production. J. Microbiol. Biotechnol., v.31 p.696-704,
2021.

ARBIA, W.; ARBIA, L.; ADOUR, L.; AMRANE, A.
Chitin extraction from crustacean shells using
biological methods—a review. Food Technol. Biotech.,
v.51, p.12-25, 2013.

ARVANITOYANNIS, 1. S.; KASSAVETI, A. Fish
industry waste: treatments, environmental impacts,
current and potential uses. Int. J. Food Sci. Technol.,
V.43, p.726-745, 2008.

BAE, G.U.; SEO, D.W.; KWON, H.K. et al. Hydrogen
peroxide activates p70(S6K) signaling pathway. J.
Biol. Chem., v.274, p.32596-32602, 1999.

BASTIAENS, L.; SOETEMANS, L; D'HONDT, E.;
ELST, K. Chitin and chitosan: properties and
applications. In: . Sources of chitin and chitosan
and their isolation. Nova Jersey: Wiley, 2019, p.1-34.

BAUER, A.W.; KIRBY, W.M.M.; SCHERRIS, J.C.;
TURCK, M. Antibiotic susceptibility testing by a
standardized single disk method. Am. J. Clinc. Pathol.,
v.45, p.493-496, 1966.

16

BAUER, V.; SOTNIKOVA, R.; MACHOVA, J. et al.
Reactive oxygen species induce smooth muscle
responses in the intestine, vessels and airways and the
effect of antioxidants. Life Sci., v.65, p.1909-1917,
1999.

BELLAJ, M.; YAZID, H.; AZIZ, K. et al. Eco-friendly
synthesis of clay-chitosan composite for efficient
removal of alizarin red S dye from wastewater: A
comprehensive  experimental and  theoretical
investigation. Environ. Res., v.247, p.118352, 2024.

BHATT, P, JOSHI, S.; MELIKE, G. et al
Developments and application of chitosan-based
adsorbents for wastewater treatments. Environ Res.,
v.226, p.115530-115560, 2023.

BOLY, R.; LAMKAMI, T.; LOMPO, M.; DUBOIS, J,;
GUISSOU I. DPPH Free Radical Scavenging Activity
of Two Extracts from Agelanthus dodoneifolius
(Loranthaceae) Leaves. Int. J. Toxicol. Pharmacol.
Res., v.8, p.29-34, 2016.

CAQ, C.; CHEN, M.; WONG, T. The KCa channel as
a trigger for the cardioprotection induced by
kappa-opioid receptor stimulation—its relationship with
protein kinase C. Br. J. Pharmacol., v.145, p.984-991,
2005.

CHLIF, N.; ED-DRA, A.; DIOURI, M. et al. Chemical
composition, antibacterial and antioxidant activities of
essential oils extract from dry and fresh Brocchia
cinerea. Biodiversi., v.22, p.1741-1749, 2021.

COLBERT, L.B.; DECKER, E.A. Antioxidant activity
of an ultrafiltration permeate from acid whey. J. Food
Sci., v.56, p.1248-1250, 1991.

COUTURE, R.M.; MOE, SJ.; LIN, Y. et al
Simulating water quality and ecological status of Lake
Vansjg, Norway, under land-use and climate change by
linking process-oriented models with a Bayesian
network. Sci. Total Environ., v.621, p.713-724, 2018.

DHILLON, G.S.; KAUR, S.; BRAR, S.K. VERMA
M. Green synthesis approach: extraction of chitosan
from fungus mycelium. Crit. Rev. Biotechnol., v.33,
p.379-403, 2013.

DRINKING water advisory: consumer acceptability
advice and health effects analysis on sodium.
Washington: Epa, 2003. 34p.

DUDHANI, A.; KOSARAJU, L. Bioadhesive chitosan
nanoparticles:  preparation and characterization.
Carbohydr. Polymers, v.81, p.243-251, 2010.

EICHLEROVA, |.; HOMOLKA, L.; NERUD, F.
Synthetic dye decolorization capacity of white rot
fungus Dichomitus squalens. Bioresour.Technol., v.97,
p.2153-2159, 2006.

FERNANDES QUEIROZ M.; MELO K.; SABRY D.;
SASSAKI G.; ROCHA H. Does the use of chitosan
contribute to oxalate kidney stone formation? Mar.
Drugs, v.13, p.141-158, 2014.

Arg. Bras. Med. Vet. Zootec., v.76, n.6, 2024



Advances in extraction...

FERNANDEZ-KIM, S.0. Physicochemical and
functional properties of crawfish chitosan as affected
by different processing protocols. 2004. 108f. These
(Master of Science) - Louisiana State University and
Agricultural & Mechanical College, USA.

FIALHO, M.B.; TOFFANO, L.; PEDROSO, M.P;
AUGUSTO, F.; PASCHOLATI, S.F. \olatile organic
compounds produced by Saccharomyces cerevisiae
Inhibit the in Vitro development of guignardia
citricarpa, the causal agent of citrus black spot. World
J. Microbiol. Biotechnol., v.26, p.925-932, 2009.

FOUAD, F.A.; YOUSSEF, D.G.; SHAHAT, FM.;
ABD EL-GHANY, M.N. Role of Microorganisms in
Biodegradation of Pollutants. In: ALI, G.AM,;
MAKHLOUF, AS.H. (Eds.). Handbook of
biodegradable materials. [Berlin]: Springer, p 1-40,
2022.

GEORGE, E.; ROLF, S.; JOHN, R. Methods of soil,
plant, and water analysis: a manual for the West Asia
and North Africa region. Int. Center Agricult. Res. Dry
Areas, V.65, p.120, 2013.

GIRARD, C.F. A revision of the North American
Astaci, with observations on their habits and
geographic distribution. Proc. Acad. Natl. Sci., v.6,
p.87-91, 1852.

GUNISTER, D.; PESTRELLI, C.H.; UNLU, O.; ATICI
GUNGOR N. Synthesis and characterization of
chitosanMMT  biocomposite  systems,  Carbohy.
Polym., v.67, p.358-365, 2007.

HAJJI, S.; YOUNES, I.; RINAUDO, M.; JELLOULI,
K.; NASRI, M. Characterization and in vitro
evaluation of cytotoxicity, antimicrobial and
antioxidant activities of chitosans extracted from three
different marine sources. Appl. Biochem. Biotech.,
v.177, p.18-35, 2015.

HAMDI, S.; ELSAYED, N.; ALGAYAR, M. et al.
Biological extraction, HPLC quantification and
medical applications of astaxanthin extracted from
crawfish “Procambarus clarkii” exoskeleton by-
product. Biological, v.14, p. 8333-8339, 2024.

HAMDI, S.; ELSAYED, N.; ALGAYAR, M. et al.
Eco-friendly methods for recycling of crayfish
“Procambarus Clarkii” by-Product for astaxanthin
extraction and quantification. Egypt. J. Aquat. Biol.
Fish., v.26, p.239-251, 2022b. HAMDI, S.AH,
GHONAIM, G.M.; EL SAYED, R.R. et al. Bioprocess
of astaxanthin extraction from shrimp waste via the
common microorganisms Saccharomyces cerevisiae
and Lactobacillus acidophilus in comparison to the
chemical method. Biomass Conv. Biorefinery, v.14,
p.1-7, 2022a.

HAMED, I.; OZOGUL, F.; REGENSTEIN, J.M.
Industrial applications of crustacean by-products
(chitin, chitosan, and chitooligosaccharides): a review.
Trends Food Sci. Technol., v.48, p.40-50, 2016.

Arg. Bras. Med. Vet. Zootec., v.76, n.6, 2024

HAYES, M.; CARNEY, B.; SLATER, J.; BRUCK, W.
Mining marine shellfish wastes for bioactive
molecules: chitin and chitosan ndash; part A:
extraction methods. Biotechnol. J. Healthcare Nutr.
Technol., v.3, p.871-877, 2008.

IBRAHIM, H.M.; EMAM, E.A.M.; TAWFIK, T.M,;
EL-AREF, A.T. Preparation of cotton gauze coated
with carboxymethyl chitosan and its utilization for
water filtration. J. Text. Appar. Technol. Manag.,v.11,
p.1, 2019.

KACZOROWSKA, M.A.; BOZEJEWICZ, D. The
application of chitosan-based adsorbents for the
removal of hazardous pollutants from aqueous
solutions—a review. Sustainability, v.6, p.2615, 2024.

KHANAFARI, A., SABERI, A., AZAR, M. et al.
Extraction of astaxanthin esters from shrimp waste by
chemical and microbial methods. J. Environ. Health
Sci. Eng., v.4, p.93-98, 2007.

KHANAFARI, A.; MARANDI, R. SANATEI, S.
Recovery of chitin and chitosan from shrimp waste by
chemical and microbial methods. Iran. J. Environ.
Health Sci. Eng., v.5, p.19-24, 2008.

KUMAR, S.; KOH, J. Physiochemical, optical and
biological activity of chitosan-chromone derivative for
biomedical applications. Int. J. Mol. Sci., v.13, p.6102-
6116, 2012.

KUMARI, S.; RATH, P.; SRI, A.; HARI, T.; TIWARI,
N. Extraction and characterization of chitin and
chitosan from fishery waste by chemical method.
Environ. Technol. Innov., v.3, p.77-85, 2015.

KYZAS, G.; BIKIARIS, D.; MITROPOULOS, A.
Chitosan adsorbents for dye removal: a review. Polym.
Int., v.66, p.1800-1811, 2017.

LABIDI, A.; SALABERRIA, A.M.; FERNANDES,
S.C.M.; LABIDI, J.; ABDERRABBA, M. Functional
chitosan derivative and chitin as decolorization
materials for methylene blue and methyl orange from
aqueous solution. Materials, v.12, p.361, 2019.

LALITHA, M.K. Manual on antimicrobial
susceptibility testing. Perform. Stand. Antimicrob. Test
Twelfth Inform. Suppl., p.454-456, 2004, 2004.

LE PAGE, S.; VAN BELKUM, A.; FULCHIRON, C.
et al. Evaluation of the PREVIIsola automated seeder
system compared to reference manual inoculation for
antibiotic susceptibility testing by the disk diffusion
method. Eur. J. Clin. Microbiol. Infect. Dis., v.34,
p.1859-1869, 2015.

MAREI, N.; EL-SAMIE, E.; SALAH, T.; SAAD, G,;
ELWAHY, A. Isolation and characterization of
chitosan from different local insects in Egypt. Int. J.
Biol. Macromol., v.82, p.871-877, 2016.

17



Hamdi et al.

MERIDE, Y.; AYENEW, B. Drinking water quality
assessment and its effects on residents’ health in
Wondo genet campus, Ethiopia. Environ. Sys. Res.,
v.5, n.1, 2016.

MING-TSUNG, Y.; JOAN-HWA, Y.; JENG-LEUN,
M. Physicochemical characterization of chitin and
chitosan from crab shells. Carbohydr. Polym., v.75,
p.15-21, 2009.

MORIN-CRINI, N.; LICHTFOUSE, E.; TORRI, G,;
CRINI, G. Fundamentals and applications of chitosan.
Sustainable agriculture reviews 35: chitin and
chitosan: history, fundament. Innovation, v.49, p.123,
2019.

MUTHU, M.; GOPAL, J.; CHUN, S. et al. Crustacean
waste-derived chitosan: antioxidant properties and
future perspective. Antioxidants, v.10, p.228, 2021.

MUZZARELLI, R.A.A. Natural chelating polymers:
alginic acid, chitin, and chitosan. Oxford: Pergamon
Press, 1973. 254p.

NAVARRO-HOYOS, M.; ALVARADO-CORELLA,
D.; MOREIRA-GONZALEZ, l.; ARNAEZ-
SERRANO, E.; MONAGAS-JUAN, M. Polyphenolic
composition and antioxidant activity of aqueous and
ethanolic extracts from Uncaria tomentosa bark and
leaves. Antiox, v.7, p.65, 2018.

NGO, D.; KIM, S. Antioxidant effects of chitin,
chitosan, and their derivatives. Adv. Food Nutr. Res.,
V.73, p.15-31, 2014.

NO, H.K.; MEYERS, S.P.; PRINYAWIWATKUL, W.;
XU, Z. Applications of chitosan for improvement of
quality and shelf life of foods: a review. J. Food Sci.,
v.72, p.87-100, 2007.

PAL, J.,; VERMA, MUNKA, VK., KUMAR, J.
Biological method of chitin extraction from shrimp
waste an eco-friendly low-cost. Technology, v.1,
p.104-107, 2014.

POTASSIUM  in  drinking-water:  background
document for development of WHO guidelines for
drinking-water quality. [Baltimore]: WHO, 2009.

RINAUDO M. “Chitin and chitosan: properties and
applications,” Prog. Polym. Sci., v.31, p.603-632,
2006.

SANTOSO, J.; ADIPUTRA, K.C.; SOERDIRGA,
L.C.; TARMAN, K. Effect of acetic acid hydrolysis on
the characteristics of water soluble chitosan. IOP
Conf. Ser. Earth Environ. Sci., v.414, p.12021, 2020.

SARBON, N.; SANDANAMSAMY, S,
KAMARUZAMAN, S.; AHMAD, F. Chitosan
extracted from mud crab (Scylla olivicea)
shells:physicochemical and antioxidant properties. J.
Food Sci. Technol., v.52, p.4266-4275, 2014.

18

SHAHIDI, F.; WANASUNDARA, P.K. Phenolic
antioxidants. Crit. Rev. Food Sci. Nutr., v.32, p.67-103,
1992.

Shehata, H.M.; Abd EI-Ghany, M.N.; Hamdi, S.A;;
Abomughaid, M.M.; Ghaleb, K.I.; Kamel, Z.; Farahat,
M.G. Characterization of a Metallic-lons-Independent
L-Arabinose Isomerase from Endophytic Bacillus
amyloliquefaciens for Production of D-Tagatose as a
Functional Sweetener. Fermentation 2023, 9, 749.

TIAN, B.; ZHENG, X.; KEMPA, T. et al. Coaxial
silicon nanowires as solar cells and nanoelectronic
power sources. Nature, v.449, p.885, 2007.

VOITOVICH, V.; LAVRENKO, V.; VOITOVICH, R.;
GOLOVKO, E. The effect of purity on high-
temperature oxidation of zirconium. Oxid. Met., v.42,
p.223-237, 1994,

WIGNER, P.; BIJAK, M.; SALUK-BIJAK, J.
Probiotics in the prevention of the calcium oxalate
urolithiasis. Cells, v.11, p.284, 2022.

WORLD Health Organization guidelines for drinking-
water quality. 4.ed. Chemical hazards in drinking-
water — Pentachlorophenol. [Baltimore]: WHO, 2011.
(Incorporating the first addendum).

XU, J;; JIN, G.; MO, Y.; TANG, H.; LI, L. Assessing
anthropogenic impacts on chemical and biochemical
oxygen demand in different spatial scales with
bayesian networks. Water, v.12, p.246, 2020.

YADAV, M.; GOSWAMI, P.; PARITOSH, K. et al.
Seafood waste: a source for preparation of
commercially employable chitin/chitosan materials.
Bioresour. Bioproc., v.6, p.1-20, 2019.

ZARGAR, V.; ASGHARI, M.; DASHTI, A. A review
on chitin and chitosan polymers: Structure, chemistry,
solubility, derivatives, and applications. Chembioeng.
Rev., n.2, p.204-226, 2015.

ZHAOQ, Y.; PARK, R.; MUZZARELLI, R.A.A. Chitin
deacetylases: properties and applications. Mar. Drug.,
n.8, p.24-46, 2010.

ZHUO, R.; HEA, F; ZHANG, X.; YANG, Y.
Characterization of a yeast recombinant laccase rLAC-
EN3-1 and its application in decolorizing synthetic
dye with the coexistence of metal ions and organic
solvents. Biochem. Eng. J., v.93, p.63-72, 2015.

ZUBER, M.; ZIA, K.M.; BARIKANI, M. Chitin and
chitosan-based blends, composites and
nanocomposites. In: THOMAS, S.; VISAKH, P;
MATHEW, A. (Eds.). Advances in natural polymers.
[Heidelberg]: Springer, 2013. p.55-119.

Arg. Bras. Med. Vet. Zootec., v.76, n.6, 2024





