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Aquaculture aims to provide stable environmental conditions for fish to be
able to grow and protect it from stress and diseases. In order to guarantee a
sustainable yield of fish species, well-balanced diets should be considered. For this
purpose, diets supplemented with feed additives have won the interest of researchers

who are concerned with the aquaculture field, the most important of which are
chitosan and chitosan nanoparticles. Chitosan [[-(1-4)-N-acetyl-D-glucosamine] is a
cationic biopolymer, derived from the alkaline deacetylation of chitin; a natural
polymer found in the exoskeletons of insects, crustaceans and fungal cell walls.
Chitosan nanoparticles were synthesized either by chemical or physical cross linking.
Chitosan nanoparticles are favored due to their large surface area, bioavailability and
deep penetration to the target sites. Chitosan and chitosan nanoparticles have several
unique biological properties that enable them to act as promising materials in
variable applications, including biosafety, biocompatibility, improved solubility and
biodegradability. The afore-mentioned properties enabled them to be used in several
applications in fish aquaculture, such as enhancing growth performance and immune
functions. Moreover, they act as safe feed additives, drug carriers and are widely
used in water treatment as well. The applications of chitosan and chitosan
nanoparticles in fish aquaculture attracted the interest of many researchers. The
present review covered all information concerning the effect of chitosan and chitosan
nanoparticles on fish, including antioxidant activity, growth enhancement and
immunostimulatory effects. The discussed studies in the current review proved that
chitosan and chitosan nanoparticles are regarded as promising materials with wide
applications in fish aquaculture.
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INTRODUCTION

Fish aquaculture is considered an important agricultural activity capable of ending
nutritional deficiencies and contributing to poverty reduction (Kaleem & Sabi, 2021).
During the past couple of decades, a remarkable and enormous progression in aquaculture has
outpaced capture fisheries. While, in the upcoming years, it is predicted to serve as a
principal source of aquatic animal requirements (Maclean, 2003 and Ahmed et al.,,
2020). Thus, fish demand continues to grow throughout the world moving towards intensive
aquaculture systems, especially in the developing countries, where fish are important source
of the animal protein and the artificial feeding, where fish form the major component
(Maclean, 2003 and Abdel-Ghany & Salem, 2020). Recently, aquaculture has been
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estimated to provide about 75% of the total fish production in Egypt on an annual basis
(GAFRD, 2020).

In order to guarantee continuous growth in aquaculture, it is necessary to develop new
unconventional fish diets that can promote physiological and biological functions of the
cultured fish. Consequently, scientists must search for green, ecofriendly, renewable,
valuable and biologically sustainable material to attain aquaculture development (Abdel-
Ghany & Salem, 2020). Chitosan (CS) and chitosan nanoparticles (CSNP) are considered as
safe, natural cationic biopolymers, which enhance fish growth and promote its immune
response (EI-Naggar, 2020).

CS is obtained from the deacetylation of chitin, an important component found in the
exoskeletons of aquatic crustaceans, such as shrimps, crabs and crayfish and terrestrial
organisms as well as the cell walls of some microorganisms (Xu et al., 2008).

On the other hand, nanotechnology is one of the speediest developing fields that
provide novel nano-enabled products with innovative and unique uses. Nanoparticles are the
key elements for the success of the nanotechnology industry, with a size ranging from 1 to
100 nm on at least one dimension. The nanoparticles have distinctive physico-chemical
characteristics that are different from their bulk materials. They are distinguished for their
larger surface area to volume ratio, which results in a higher reactivity and significant
properties (Khosravi-Katuli et al., 2017).

CS and CSNP can be applied in different fields, such as water treatment, agriculture
and cancer treatment. Moreover, in aquaculture they act as natural and non-toxic feed
additives, enhancing the fish growth performance, ameliorating immune function and
inhibiting intestinal microbial pathogens (EI-Naggar, 2020).

The current review clarified profound data with respect to CS and CSNP, regarding
their extraction, preparation, surface morphology as well as their applications in fish
aquaculture. This data would serve as a guide for all those in concern.

1. Chitosan: structure and preparation

CS (Poliglusam) [B-(1-4)-N-acetyl-D-glucosamine] is a biocompatible, non-toxic
product and biodegradable polymer which is soluble in acidic aqueous solution. CS has
distinguishable properties, including non-toxicity, biodegradability, biocompatibility and
improved solubility (Shard et al., 2014) and easy and applicable modification, which suits
various fields, such as aquaculture, cosmetics, cancer therapy, drug carrier and water
treatment (Ahmed et al., 2019; Abd-Elghany & Salem, 2020 and El-Naggar et al., 2021).

1.1. CS chemical structure and sources

CS chemical structure is pB-(1—4)-linked D-glucosamine (deacetylated unit) and N-
acetyl-D-glucosamine (acetylated unit) (Fig. 1). It is extracted from chitin, the second most
abundant polysaccharide after cellulose that is obtained from the exoskeletons of aquatic
organisms, including: fish, shrimps, crabs and some insects as well as cell wall of some fungi
under specific deacetylation procedures (Fig. 2) (No & Meyers, 2010; Abdel-Ghany &
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Salem, 2020 and Perini et al., 2020). Chitin and cellulose have the same chemical structure,
except that chitin composition contains nitrogen compared to cellulose which lacks nitrogen
(Fig. 3) (Abdel-Ghany & Salem, 2020).
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Fig. 2. Chitin deacetylation (Saifuddin & Palanisamy, 2005)
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Fig. 3. Chitin and cellulose chemical structure (Chawla et al., 2015)
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1.2. Extraction of chitin from the exoskeleton wastes and its conversion into chitosan

The exoskeletons of crustaceans contain three main components; namely, proteins
(20-40%), chitin (15-40%) and CaCO; (20-50%) as well as little amounts of pigment and
salts (Kurita, 2006 and Pakizeh et al., 2021). Accordingly, chitin extraction follows 4 main
steps: 1. Demineralization in which CaCO; is eliminated by HCI; 2. deproteinization for
protein removal; it is performed by NaOH; 3. decoloration / bleaching in which pigments and
salts are removed, and 4. deacetylation, which is the conversion of chitin into CS by the
removal of acetyl groups (Fig. 4) (EI-Naggar et al., 2019). The arrangement of the afore-
mentioned steps differs from one author to another, resulting in CS with different physico-
chemical characteristics. The quality of CS is also affected by the method of chitin extraction,
deacetylation method, reaction time and temperature (Pakizeh et al., 2021).

Demineralization Deproteinization
(1N HCI) (3.5% NaOH)

I

Deacetylation Decoloration

((:?;:1‘1?:3) —— E;: : (Acetone, H202 & HCI)

Chitosan (Buff color) Chitin (white flakes)
Fig. 4. Extraction of chitin from the exoskeleton wastes of Procambarus clarkii and its
conversion into CS (EI-Naggar, 2020)
1.3. Deacetylation of chitin
This process can be carried out chemically or enzymatically.

1.3.1. Chemical deacetylation

Chemical deacetylation is the most used method that depends on time and temperature
of reaction. Chemical deacetylation can be heterogeneous or homogeneous. In the
heterogenous deacetylation, chitin is added to NaOH at high temperature (100°C)
(Lamarque et al., 2005 and Younes & Rinaudo, 2015). On the other hand, in the
homogenous deacetylation, chitin is added to NaOH and H,O in a ratio of 1:10:1.5,
respectively at 25°C for about 3hrs followed by grinding the precipitate in a way that allows
producing 48-55% degree of deacetylation (Younes & Rinaudo, 2015).

1.3.2. Enzymatic deacetylation

This method is usually used to avoid the disadvantages of the chemical operation,
such as energy consumption and alkaline waste products that are considered as biohazards.
The enzymatic deacetylation is favored because it is easily controlled, producing high quality



27 Applications of Chitosan and Chitosan Nanoparticles in Fish Aquaculture

CS (Younes & Rinaudo, 2015). On the contrary, one of the major disadvantages of this
method is that the low molecular weight chitin cannot be detected (Lamarque et al., 2005).

1.3.3. Degree of deacetylation of CS

Chang et al. (1997) reported that the best degree of deacetylation (DD) was produced
after 6hrs of chitin treatment in an alkaline medium. They added that, upon increasing the
temperature or NaOH concentration, an increase in the degree of deacetylation of the
resultant CS was detected. The previous authors concluded that the maximum DD occurred at
a temperature of 107°C and a treatment with 60% NaOH.

Contrarily, Aldila et al. (2020) found that, when NaOH concentration was consonant,
a decline in the DD was detected upon increasing the temperature from 30°C to 60°C to 90°C.
They deduced that, as NaOH concentration changed from 20% to 40% and then to 60% while
keeping the degree of temperature constant, the DD increased with increasing the
concentration of NaOH. Furthermore, the previous authors added that, the optimum
conditions of temperature and NaOH concentration for the optimization of CS were 30°C and
60% NaOH, respectively.

2. CSNP: characteristics and preparation

Nanotechnology has become a paramount technology in the 21% century. It is an
emerging technology influencing the material division at a nanoscale of 1-100 nm that can
change properties of materials and increase its potential to be utilized due to its increasing
surface area that allows using nanoparticles in various applications (Rathore & Mahesh,
2021).

CSNP are biodegradable, biocompatible and non-toxic materials which can be used
in drug delivery, gene delivery and therapeutics, in agriculture as biopesticides, and they have
been proved to act as effective feed additives for fish (Felt et al., 1998 and Augustine et al.,
2019). Additionally, CSNP are favored for their small size that increases the available surface
area to interact with biological support. Remarkably, CSNP boost the bioavailability of
essential compounds, enable efficient uptake of the body cells and they deeply penetrate into
the targeted sites (Alishahi et al., 2011).

In addition, CSNP can be implemented in different applications; namely, antioxidants,
feed additive as growth promoter and immunostimulants, drug carriers, water treatment and
hemocompatibility agents as well as phagocytic activity inducers (EI-Naggar et al., 2021).

2.1. Preparation of CSNP

Different approaches have been used in the synthesis of CSNP, such as ionotropic
gelation (Calvo et al., 1997), spray drying (Ngan et al., 2014) and water in emulsion cross-
linking (Riegger et al., 2018). It is noteworthy mentioning that ionotropic gelation is
regarded as the best technique due to its simplicity and lack of harsh organic solvent,
homogenization or sonication (Calvo et al., 1997). The latter method involves physical cross-
linking with sodium triphosphate (TPP). It was found that during the nanoparticles synthesis,
the variation in the concentration of the polyanion sodium tripolyphosphate (TPP) and CS
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highly affects the physico-chemical characteristics of the resultant nanoparticles, and
subsequently impact the performed application (Shard et al., 2014).

2.2. Surface morphology of CS and CSNP

Scanning electron microscopy analyses revealed that CS has three main surface
morphologies; 1. a surface with both nanofibers and nanopores, which is considered the most
common morphology (Paulina et al., 2006), 2. A hard and rough surface lacking nanofibers
and nanopores, such as that isolated from Daphnia sp. (Kaya et al., 2013) and 3. A surface
that is composed of nanofibers, such as that found in certain insect species and crustaceans
(Kaya et al., 2014).

Notably, the surface morphology of CS differs in different species. Arasukumar et
al. (2019) mentioned that CS extracted from Thenus unimaculatus is non-porous with flat
lamellar surface. The previous authors added that the surface of the resultant CS appears in
the form of clustered crystals with a rough surface (Fig. 5).

Fig. 5. Scanning electron micrograph of CS extracted from Thenus unimaculatus,
showing rough, clustered and crystalline structure (Arasukumar et al., 2019)

On the contrary, scanning electron microscopy of CS extracted from Procambarus
clarkii showed that the resultant CS lacks nanopores and nanofibers and appeared as flakes
with rough and smooth surface. The higher magnification of the flakes indicated that they
contain smooth fibers (ElI-Naggar et al., 2019) (Figs. 6A&B). The previous authors added
that transmission electron microscopy of the resultant CS appeared as anastomosing network
of fibers (Fig. 7).
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Fig. 6. Scanning electron micrographs of CS prepared from the exoskeleton of
Procambarus clarkii showing: (A) Flakes with a rough and hard surface. (B) Higher
magnification of a flake with numerous fibers (EI-Naggar et al., 2019)

L W - 4
Fig. 7. Transmission electron micrograph of CS showing anastomosing network of fibers
(EI-Naggar et al., 2019).

2.3. CSNP surface morphology

El-Naggar et al. (2019) and Omidi & Kakanejadifard (2019) reported that, CSNP
are spherical in shape with smooth margins, forming the common morphology of the CSNP
(Fig. 8). The former authors added that the optimum condition for the nanoparticles
formation was obtained by applying CS to TPP in the ratio of 1:1. Moreover, they postulated
that, in case of increasing the concentration of CS or TPP, the obtained nanoparticles become
large and aggregated, respectively.
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Fig. 8. Transmission electron micrograph of CSNP showing their spherical shape with
smooth margins (El-Naggar et al., 2019).

3. CS and CSNP nanoparticles applications in fish aquaculture

CS and CSNP have widely been used in various applications due to their low side
effects and their ability to enhance fish growth performance (GP), antioxidant activity and
immune response (Gopalakannan & Arul, 2006; Wang & Li, 2011; Abd El-Naby et al.,
2019 and EI-Naggar, 2020). In addition, CS and CSNP can be used as drug carriers (Wu et
al., 2020 and Thanou et al., 2001). Moreover, CS and its derivatives are used in water
treatment due to their chelating ability of heavy metals (Gamage & Shahidi 2007; Fan et
al., 2017 and Zareie et al., 2019). In this respect, CS and CSNP were proved to enhance
water quality (Udo & Anwana, 2018).

3.1. CS and CSNP as feed additives

Ogunkalu (2019) found that fish feed is a radical factor for the determination of the
ability of fish to grow and reproduce. The afore-mentioned author added that the high cost of
protein source (fish meal), which is the most expensive component of fish feed, causes a
serious limitation in aquaculture. Moreover, the author suggested using optimum amounts of
feed additives or feed supplementations to increase the growth rate of fish with minimal
amounts of fish meal that would, in turn, reduce fish mortality. Feed additives are edible
substances added to the animal feed in small quantities to enhance feed quality, which in
return, enhance fish growth performance and reduce their mortality rate (Dada, 2015). El-
Naggar (2020) reported that, due to the escalating price of fish meal, it is recommended to
search for alternative protein sources, particularly plant protein source. The author added that
the plant-based diets lack some essential nutritional components, which affect both the
growth performance of fish as well as their survival rate. In this context, the author
recommended the addition of CS and CSNP to plant-based diets to enhance the growth
performance and immune response of Oreochromis niloticus. Several studies recommended
the use of CS and CSNP as immunostimulants and growth promoting factors
(Gopalakannan & Arul, 2006; Wang & Li 2011; Alishahi et al., 2014; Ranjan et al.,
2014; Abd EI-Naby et al., 2019; Abdel-Tawwab et al., 2019 and Abdel-Ghany & Salem,
2020).
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3.1.1 Effect of CS and CSNP on the growth performance of fish

Abdel-Ghany and Salem (2020) reported that the optimal level of CS and CSNP to
perform the best growth promoting effect depends mainly on animal species. It was found
that the supplementation of diets with CS did not affect the growth performance of sea bream
and Japanese eel (Kono et al., 1987). Moreover, in Paramigurunus dabryanus, the addition
of CS combined with selenium (Se) with a dose of (0.6, 1,2 and 1.8) mg CS per kg diet for 60
days did not induce any change in fish growth performance (Victor et al., 2019).

It is worthy to mention that CS decreased the growth performance in case of using it
as a supplemented additive to the feed of O. niloticus (Shiau & Yu, 1999). Nevertheless, an
increase in the growth performance of Paralichthys olivaceus, Cyprinus carpio and
Dicentrachus labrax was detected due to CS supplementation (Gopalakannan & Arul,
2006; Cha et al., 2008 and Zaki et al., 2015).

Zaki et al. (2015) explained CS effect in relation to its ability to induce healthy
intestinal epithelium and its potential to promote microvilli growth, which leads to an
increase in the absorbance surface of the microvilli. Reversely, the previous authors found
that the increase in CS concentration in the diets caused a decline in the growth performance
due to the intestinal blockage caused by an over growing of the microvilli.

It was found that, the growth performance of fish depended mainly on the
administered dose of CS and CSNP. In the case of O. niloticus, the growth performance was
enhanced by CS supplementation at a dose of 0.5 g/kg diet (Wang & L.i, 2011). Furthermore,
Chen et al. (2014) fortified diets for Carasius auratus juvenile with different doses of CS
(1800, 4000, 7500, 10000 and 20000) mg of CS per kg diet for 75 days. They found that,
4000 mg CS per kg diet formed the optimum level of CS supplementation. It induced the
highest growth performance of fish by influencing the growth of the microvilli and the goblet
cells in the intestinal epithelia (Figs. 9, 10 a& b). Moreover, the use of CSNP
supplementation at different levels in O. niloticus enhanced the growth performance by
increasing both feed intake and feed utilization (Abd EI-Naby et al., 2019; Abdel-Tawwab
et al., 2019). Additionally, dietary fortification of CSNP for O. niloticus at a dose of 0.5 g/kg
induced a better health and increased fish disease resistance against pathogens (EI-Naggar et
al., 2021).
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Fig. 9. Transmission electron micrograph of the intestinal microvilli of Carasius auratus
juvenile monitoring: a) Control group with normal length of microvilli. b) 4000 mg/kg CS
supplemented group with proliferation of the microvilli (Chen et al., 2014)

Fig. 10. Histological photomicrograph of intestinal microvilli of Carasius auratus
juvenile; a) Control group showing normal structure of the intestinal microvilli and few
goblet cells b) 4000 mg/kg CS supplemented group showing increase in length of microvilli
and number of goblet cells and intraepithelial lymphocytes (Chen et al., 2014)

3.1.2. CS and CSNP as immunostimulants

CS was determined to induce non-specific immunity, causing a reduction in the
mortality rate (Meshkini et al., 2012; Zaki et al., 2015 and Abdel-Ghany & Salem, 2020).
In Oncorhyncus mykiss, CS supplementation at a concentration of 2.5 g per kg diet could
significantly improve the survival rate of O. mykiss against stress conditions (Abdel-Ghany
& Salem 2020).

Ranjan et al. (2014) conducted an experiment on Lates calcarifer that were fed on
diet supplemented with different doses of CS (0, 5, 10 and 20 g/kg diet) for 60 days. Results
showed that all groups fed CS supplemented diets had higher innate immune response
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compared to the control group. The previous authors added that the group fed 10 g of CS/ kg
diet showed the highest hematological and innate immune parameters on day 45 of the
experiment. Moreover, the previous dose recorded the significantly highest post- challenge
survival on the 30" day following Vibrio anguillarum challenge.

Furthermore, Mugil cephalus were fed diets fortified with CS at a graded manner dose
(0, 5, 10 and 15 g per kg diet) (Meshkini et al., 2012). It was detected that 10 and 15 g CS
per kg diet supplemented groups recorded the highest innate immune response. Similarly, in
Cyprinus carpio, it was found that the innate immune response was induced when CS was
added to the diets (Gopalakannan & Arul, 2006; Magsood et al., 2010; Lin et al., 2011 and
Alishahi et al., 2014).

Cha et al., (2008) explained the ability of CS as immunostimulant due to its ability to
induce non-specific immunity. Moreover, Shibata et al. (1997) stated that CS can induce
inflammatory cell function. Additionally, CS proved to increase serum lysosome activity in
Epinephelus bruneus against vibrio virus infection (Harikrishnan et al., 2012).

In Paralichthys olivaeus, CS coated with moist pellet (MP) was found to increase the
innate immune response upon its dietary fortification with different doses (1800, 4000, 7500,
10000 and 20000 g/kg diet) (Cha et al., 2008). Moreover, in the previous study, the
researchers found that CS caused a significant increase in the phagocytic and lysozyme
activities. Furthermore, they postulated that 7500 g CS per kg diet showed the highest ability
to activate the innate immune response. Moreover, CS supplementation was found to be
effective in the protection against bacterial infection in Labeo rohita inducing the fish
immunity (Mastan, 2015). Najafabad et al. (2016) reported that CS supplementation
improved the innate immune response and resistance against environmental changes in
Caspian kutum fingerlings and ameliorated the immunological effect. Similar results were
reported in the study of Yan et al. (2017) regarding Misgurnus angillicaudates.

For CSNP, Abd EI-Naby et al. (2019) assessed that CSNP induced the innate
immunity in O. niloticus by boosting the total WBCs and erythrogram elements. Moreover, it
was found that CS-Se enhanced the immunity of Paramisgurnus dabryanus due to the
increase in the lysosome activity and IgM level (Victor et al., 2019). Similar results were
reported by Abdel-Tawwab et al. (2019) upon dietary fortification of O. niloticus with CSNP
at different doses (0.25, 0.5, 1 and 2 g/kg diet). Briefly, CSNP have favorable effects on
aquaculture and fish farming industry due to CSNP the immunostimulatory effects on fish
(Chaet al., 2008 and Ahmed et al., 2019).

3.2. CS and CSNP as antioxidants

CS and many of its derivatives have antioxidant activity (Li et al., 1992). The
antioxidant ability of CS is attributed to its chelating activity and free radical scavenging of
the hydroxyl function group of CS, occuring by the donation of two electrons (Xie et al.,
2001 and Abdel-Ghany & Salem, 2020).

Kim & Thomas (2007) reported that diets supplemented with CS showed high
antioxidant activity and low lipid oxidation. Moreover, CS increased the efficiency of the
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antioxidant system in Cyprinus carpio when CS was supplied either alone or combined with
vitamin C (Mehrpak et al., 2015). Furthermore, in Misgurnus anguillicaudatus juvenile, the
antioxidant activity was induced upon CS supplementation at a dose with a graded manner
(0.5,1,2and 5) (Yan et al., 2017).

Mehrpak et al. (2015) notified that supplementation of CS had no significant effect
on the antioxidant activity of Cyprinus carpio. Notwithstanding, when it was used in
combination with vitamin C, it treated the reduction of the antioxidant capacity of Cyprinus
carpio.

For CSNP, Abdel-Tawwab et al. (2019) determined that CSNP supplementation in
doses of 0.25, 0.5, 1 and 2 g/kg diet enhanced the antioxidant activity of O. niloticus. In
addition, Salmo salar showed high antioxidant activity and reduction in lipid oxidation upon
CSNP fortification. Similarly, Abdel-Tawwab et al. (2019) postulated that the increase in
CSNP dietary supplementation cause antioxidant activity enhancement.

3.3. CS and CSNP as drug carriers

Thanou et al. (2001) reported that CS acts as drug carrier due to its ability to affect
tight junction, forcing it to open gates, and hence allowing hydrophilic drug molecules to
enter the cell. However, some CS disadvantages were mentioned, including low delivery
capacity on cell membrane compared to other drug delivery agents and its inefficiency in
nature’s pH (CS is effective at pH 6.5, however above this value its efficiency decreases).
Therefore, the CS effect is limited in many of the intestinal regions such as ileum and
jejunum. The previous authors and Kulkatni et al. (2017) added that, the upper-mentioned
problem can be overcome by using N-N-N-trimethyl CS chloride (TMC), which is one of CS
derivatives that acts as a drug carrier, since TMC is effective in wide pH range.

Vaccination carried by CS increased mucoadhesive potential in Paralichthys
olivaceus (Tian et al., 2008). CS-DNA oral vaccine showed good results after microscopic
examination for vaccinated Paralichthyus olivaceus fish, and it was found that CS had the
potential to be used in drug delivery applications.

Contrarily, Valero et al. (2016) deduced that CS-DNA vaccine did not induce serum
circulating IgM, which is a specific neutralizing antibody in Dicentrarchus labrax against
noda virus. Moreover, they added that the vaccine did not induce immune-gene expression in
the hind gut. On other hand, CS-DNA vaccine induced expression of genes related to cell-
mediated cytotoxicity and interferon pathways against the virus.

Wau et al. (2020) reported that CS is a promising drug carrier for fish aquaculture due
to the incredibly development of the safe usage of CS in gene therapy. This happens because
CS derivatives increase CS solubility in nucleic acids, increasing the cell reception of the
drug carried by CS, and hence increase the drug uptake of the cells. The researchers added
that CS-DNA vaccine protects fishes from infection either by bacteria or viruses through the
enhancement of the survival rate by 45%: 82%. Moreover, they attributed the positive effect
of CS-DNA vaccine to its ability to induce immune related genes.
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CSNP can be used as drug carriers for biological compounds, such as proteins (Xu &
Du, 2003), oligonucleotides and DNA plasmid (Csaba et al., 2009). CSNP are promising
new drug carriers (Shu & Zhu, 2000). CSNP are used as carriers for antioxidants causing an
enhancement of the immune system (Ramos et al., 2005). Vimal et al. (2014), Zhao et al.
(2014) and Ahmed et al. (2019) related CSNP drug carrying ability to the high potential of
CSNP to deeply penetrate the tissues, allowing the drug to reach its specified location.
Consequently, Vimal et al. (2014) considered CSNP are useful oral DNA vaccines with
respect to fish. It was reported that CS and its derivatives can be eliminated through the
kidney, and this makes CS and CSNP suitable for medical and pharmaceutical applications
(Pan et al., 2002 and Ji et al. 2015).

Ferosekhan et al. (2014) reported that CSNP are used in oral delivery of drugs,
vitamins and DNA vaccines because they deliver drugs to fish gastrointestinal tract. In
addition, they increase the mucoadhesive potential of the intestine and thus, the intestinal
absorption for drug increases.

Labeo rohita fish was immunized with CSNPs-DNA vaccine against Edwardisella
tarda bacteria; this vaccine contained related immune-genes of these bacteria, allowing their
expression (Kole et al., 2018). The previous study noted that the maximal expression of IgM
in the liver, kidney and spleen of fish was attributed to immune gene carried vaccine.

3.4. CS and CSNP in treatment of fish farms wastewaters

Heavy metals are naturally occurring elements that have a high atomic weight and a
density at least five times greater than that of water. They are toxic even at low exposure
levels (Tchounwou et al., 2012). Many agents were used for water treatment, one of which is
aluminum. Aluminum based residues showed good results as water treatment agents,
although it was found that aluminum causes many neurologic diseases such as Alzheimer
(Iber et al., 2021).

Gamage & Shahidi (2007) noted that CS is an effective coagulating agent that is
able to remove the heavy metals ions (Hg, Zn, Fe, Pb and Cu) from fish farms wastewater.
Moreover, the previous authors and Yu et al. (2013) as well as Abd-Elhakeem et al. (2016)
mentioned that heavy metal removal was achieved by chelation.

Yu et al. (2013) assessed that CS contains many functional groups that react with the
metal ions; this reaction depends on the composition and the pH of water. The chelation
mechanism occurs due to the ability of CS nitrogen atoms of the amine groups to make
covalent bonds with Cu (metal ions), hence allowing ions removal. Moreover, it was found
that the chemical modifications of CS improved CS ability to remove metal ions from water
(Sobahi et al., 2014). This study revealed that aldehyde and carbon modifications are good
for metal removal leading to water treatment. Additionally, it was found that (Fe304/CS)
shows a great ability in Pb and Cd absorption. The previous researchers related the ability of
high absorbance to the high functional group of CS (amino group and hydroxyl group) (Fan
etal., 2017).
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On the other hand, CSNP show a great ability to remove Cu (metal ions) from water
(Yu et al., 2013). In the previous study, the authors mentioned that ability of CSNP to absorb
copper ions is directly proportional with the concentration of the solution (water). Similar
results supported the high efficiency of CSNP to absorb heavy metals (Abd-Elhakeem et al.,
2016). The researchers in the previous study found that both CS and CSNP can remove heavy
metal ions from water. They added that CS is a good agent that can be used in simple
filtration water systems. However, they recommended the use of CSNP due to their higher
efficiency of heavy metal chelation.

Seyedmohammadi et al. (2016) compared between the ability of CS and CSNP with regard
to absorption; they found that CSNPs is more effective than CS in Zn removal. The previous
authors reported the optimal conditions at which CS and CSNPs showed their most
absorbance ability (90.80% and 99.10%, respectively). Conditions preferred include pH 7,
temperature 25°C and 10 mg of Zn. They added that CSNP ability to remove heavy ions from
water is higher than CS due to their small size particles that increase the surface area of
absorption and number of exposed functional group. Furthermore, it was reported that CSNP
have the capacity for (Pb: lead) removal from water which is higher compared to that of CS
(Zareie et al., 2019).

CONCLUSION

The current review was conducted to address the importance of CS and CSNP in fish
aquaculture. It was found that CS and CSNP are good feed additives that promote the growth
performance and stimulate the immune system, especially the innate immune response. In
addition, they are used as drug carriers, antioxidants and water treatment agents. Moreover, in
fish aquaculture, CSNP proved to be favored by the recent authors than CS due to their larger
surface area, bioavailability and deep penetration to the target sites. Therefore, CSPN is
recommended to be used worldwide, and particularly in Egypt to enhance fish aquaculture
quality.
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