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Abstract Chitosan, the most abundant marine mucopolysaccharide, is

derived from chitin by alkaline deacetylation, and possesses versa-
tile biological properties such as biocompatibility, biodegradability,
and a non-toxic nature. Due to these characteristics, considerable
attention has been given to its industrial applications in the
food, pharmaceutical, agricultural, and environmental industries.
Currently, chitosan can be considered as a potential marine nutra-
ceutical because its remarkable biological activities have been
investigated and reported, in order to exploit its nutraceutical
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properties. This chapter, therefore, reviews the biological activities
of chitosan including antioxidant, hypocholesterolemic, antimicro-
bial, and anti-inflammatory activities, as well as its mode of action
in each activity.

I. INTRODUCTION

Chitin, a naturally occurring biopolymer, consists of 2-acetamido-2-
deoxy-(1-4)-B-p-glucopyranose residues (N-acetyl-p-glucosamine units)
and is a well-known mucopolysaccharide and distributed in the shell of
crustaceans, in the cuticle of insects, and in the cell wall of some fungi and
microorganisms. Chitin has a strong intra- and intermolecular hydrogen
bonding network, which provides the water-insoluble property of
chitin. Chitin production is estimated as approximately 1x10° metric
tons annually, and it is the second most abundant natural biopolymer.
A great attention has been paid to its biomedical applications such as a
drug carrier, an antitumor agent, and a wound-healing agent because
of its useful biological properties including nontoxicity, biocompatibility,
biodegradability, hemostatic activity, and wound healing (Muzzarelli,
1994).

Chitosan is also a natural cationic polymer derived by deacetylation of
chitin under alkaline conditions. Chitosan is a linear polysaccharide con-
sisting of 2-amino-2-deoxy-(1-4)-B-p-glucopyranose residues (p-glucos-
amine units). Due to the deacetylation of chitin, chitosan can be
dissolved in water by making salt with various acids on the amino
group of p-glucosamine units. Further, chitosan can be dissolved in
water alone as it has a partially acetylated degree of about 50% p-glucos-
amine units (Aiba, 1989).

Major applications of chitosan were previously focused on sludge
dewatering, food processing, and metal ion chelation until the mid-
1980s. Further, it has received considerable attention for its commercial
applications in agriculture, chemistry, biomedical, food, cosmetic, and
biotechnology industries (Alasalvar et al., 2002; Knorr, 1984; Kurita,
2006). In recent years, however, its numerous biological activities were
documented such as antioxidant (Park et al., 2004a), antibacterial (Allan
and Hadwiger, 1979; Hirano and Nagao, 1989; Jeon and Kim, 2000; Jeon
et al., 2001), hypocholesterolemic (Sugano et al., 1992), and immune-sti-
mulating (Jeon and Kim, 2001), and due to these biological properties,
chitosan has received much attention for development as a potential
marine nutraceutical. This chapter, therefore, deals with producing chit-
osan from chitin, and will overview the biological properties of chitosan
and its derivatives as potential marine nutraceuticals.
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Il. PREPARATION OF CHITOSAN

Due to strong hydrogen bonds, chitin is insoluble in water as well as in
most solvents, making it difficult to apply in industry. Chitin can be
converted into chitosan by enzymatic means or alkali deacetylation, this
being the most utilized method. Chitosan is soluble in some organic acids
such as lactic acid and acetic acid, as well as in inorganic acids. In
addition, chitosan salts can be water-soluble depending on factors such
as pH and degree of acetylation (Illum, 1998).

A. Chitosan from crustacean chitin

Several sources have been used for the production of chitosan, and the
most exploited sources of chitin are the processing waste of shellfish and
marine crustaceans, especially crab, lobster, shrimp, krill, oysters, and
squid (Rasmussen and Morrissey, 2007). Generally, marine crustacean
shells contain around 15-40% chitin (dry weight) with proteins and
calcium carbonate (Kurita, 2006). To isolate chitin from natural resources,
other components such as cellulose, mannan, polygalactosamine, glucan
as well as proteins, pigments, and minerals (especially calcium carbonate)
must be removed during extraction procedures. Generally, decalcification
of samples is conducted by using dilute hydrochloric acid followed by
deproteination in dilute aqueous sodium hydroxide solution. Then the
decalcified and deproteinated product undergoes decolorization using
0.5% KMnO, and oxalic acid. Finally, chitosan can be obtained from chitin
followed by deacetylation of the chitin using a hot concentrated sodium
hydroxide solution (Fig. 7.1).

B. Chitosan from other sources

Shell wastes from shrimp, crab, and lobster processing industries are the
traditional source of chitin. However, commercial production of chitosan
by deacetylation of crustacean chitin with a strong alkali appears to have
limited potential for industrial acceptance because of seasonal and limited
supply, difficulties in processing, particularly with the large amount of
waste of concentrated alkaline solution causing environmental pollution,
and inconsistent physico-chemical properties (Chatterjee et al., 2005).
Because the biological properties of chitosan are dependent on its
physico-chemical properties such as molecular weight (MW) and degree
of deacetylation (DD), uniform physico-chemical properties are a prereq-
uisite to specific industrial applications. As an alternative method,
fermentation technology for chitosan preparation from fungal cell walls
has received much attention as an eco-friendly pathway. Rane and
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FIGURE 7.1 Preparation of chitosan from chitin.

Hoover (1993) described the production of chitosan from mycelia of
Absidia coerulea, Mucor rouxii, Gongronella butieri, Phycomyces blakesieeanus,
and Absidia blakesleeana. A. coerulea ATCC 14076 and NRRL 1315 were the
best producers of chitosan among the strains examined. Crestini et al.
(1996) also examined the production and isolation of chitosan through
submerged and solid fermentation of Lentinus edodes. Chatterjee et al.
(2005) determined the optimum conditions for the production of chitosan
from M. rouxii, and investigated the MW, protein content, and DD of the
isolated chitosan. Suntornsuk et al. (2002) utilized food processing
by-products for the growth of fungal strains including Aspergillus
niger TISTR3245, Rhizopus oryzae TISTR3189, Zygosaccharomyces rouxii
TISTR5058, and Candida albicans TISTR5239, and their chitosan produc-
tion yields were in the range of 0.4—4.3g/kg of soybean residue and
0.5-1.6g/kg of mungbean residue. These fungal approaches have benefits
of easy handling, harvesting, and control in producing high quality
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chitosan, as well as different types of chitosans produced by diverse
strains with individual environmental and nutritional conditions
(Tajdini ef al., 2010; Wang et al., 2008).

lll. HEALTH BENEFITS OF CHITOSAN AND ITS DERIVATIVES

Because it has a variety of biological activities such as antioxidant,
antimicrobial, anti-inflammatory, anticancer, and immune-stimulating
effects, chitosan offers a number of uses in food, cosmetic, biomedical,
and pharmaceutical industries. In this section, the nutraceutical proper-
ties of chitosan and its derivatives are discussed.

A. Antioxidant activity

Reactive oxygen species (ROS) are produced by abnormal metabolic
processes as well as sunlight, ultraviolet light, and chemical reactions,
and can change the structure of DNA, membrane lipids, and protein,
which may result in diseases such as cancer, aging, inflammation, and
atherosclerosis (Moskovitz et al., 2002). Generally, ROS are effectively
eliminated by antioxidant enzymes and compounds in our body. How-
ever, over production of ROS can cause considerable damage to bioma-
cromolecules by ROS-mediated oxidative stress. The term antioxidant is
defined as any substance, that when present at low concentrations com-
pared to those of an oxidizable substrate, significantly delays or inhibits
oxidation of that substrate (Park ef al., 2001). Therefore, supplementation
of antioxidants, which can overcome oxidation-mediated problems, may
prevent the body from a set of diseases by directly quenched ROS. There
has been a growing interest to develop natural antioxidant compounds
from many sources to overcome the ROS-mediated deleterious effects in
biological systems. Numerous natural antioxidants such as tocopherols,
ascorbic acid, polyphenols, and peptides are marketed around the world.

A number of studies have examined the antioxidant activities of chit-
osan from various sources. Park et al. (2004a) prepared three kinds of
partially deacetylated hetero-chitosans such as 90% deacetylated, 75%
deacetylated, and 50% deacetylated chitosan from crab chitin, and their
antioxidant properties were measured using electron spin resonance
spectrometry. Park and coworkers found that their antioxidant activities
were dependent on the DD, and the 90% deacetylated chitosan showed
the highest free radical scavenging activities. Yen et al. (2008) also found
that a sample with more amino groups at the C-2 position showed the
highest antioxidant activity. Tomida ef al. (2009) examined the protective
effects of seven different MW chitosans on plasma protein from oxidation
by peroxyl radicals. In the ability to protect plasma protein from
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oxidation, it was found that the low MW chitosan was more effective in
preventing the formation of carbonyl groups in plasma protein exposed to
peroxyl radicals.

In vivo studies were also conducted by several researchers. Anraku
et al. (2009) examined the antioxidant effects of water-soluble chitosan in
normal subjects by measuring the reduction of indices of oxidative stress.
Treatment with chitosan for 4weeks produced a significant decrease in
levels of plasma glucose and the atherogenic index, and led to an increase
in high-density lipoprotein cholesterol (HDL-C). Chitosan treatment also
lowered the ratio of oxidized to reduced albumin and increased
total plasma antioxidant activity. Further, Anraku et al. (2011) proved
the antioxidant effects of high MW chitosan in normal volunteers, and
the obtained results were consistent with previous results observed by
Anraku et al. (2009).

B. Hypocholesterolemic effects

Obesity and high cholesterol levels are major factors influencing human
health and can lead to increased risk of cardiovascular disease, type II
diabetes, and some cancers. The hypocholesterolemic action of chitosan
can be explained by decreased cholesterol absorption through entrapment
of bile acids and interference with bile acid absorption. It is well-known that
bile acids are produced from cholesterol, which is a major route of choles-
terol metabolism, and about half of the synthesized cholesterol in our body is
used for bile acid synthesis. About 90% of excreted bile acids are reabsorbed
and recycled in enterohepatic circulation that moves bile acids to the liver
and the gallbladder. Due to the negatively charged form of bile acids,
chitosan can form complexes with bile acids due to its positively charged
form, thereby bile acids are subsequently removed from reabsorption and
recycling systems, and fewer bile acids are returned to the liver. This
increases the synthesis of bile acids in the liver from the oxidation of choles-
terol, thereby decreasing the total blood cholesterol level (Lee et al., 1999).

A number of studies have revealed that chitosan can reduce plasma
and liver triacylglycerol (TG) and total cholesterol levels in vitro and
in vivo. Recently, the effects of the DD and the viscosity-average molecular
weight (Mv) of chitosan samples on their fat-binding and cholesterol- and
bile acid-binding capacities in vitro were evaluated (Liu et al., 2008a,b;
Zhou et al., 2006). The fat-binding capacity of chitosan increased with
increasing DD and Mv values, whereas cholesterol-binding ability was
not affected by the values of DD and Mv. In addition, high Mv chitosan
samples showed the greatest bile acid-binding ability but were not
affected by the DD value.

In vivo studies also showed that chitosan has hypocholesterolemic and
hypolipidemic activities (Nagyvary et al., 1979; Sugano et al., 1978, 1980).
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It was found that chitosan with a relatively low MW (5-120kDa) and 79%
DD had the greatest cholesterol-lowering effects, and short oligomers
seemed to be ineffective (Sugano et al., 1988; Trautwein et al., 1997;
Ylitalo et al., 2002). Rats fed diets with high DD chitosan exhibited signifi-
cantly lowered plasma triglyceride, total cholesterol, and low-density
lipoprotein cholesterol (LDL-C) levels as well as elevated high-density
lipoprotein cholesterol (HDL-C) levels. Moreover, food-efficiency ratio
decreased with increasing DD (Li et al., 2007; Liu et al., 2008b). In addition,
liver hepatic and lipoprotein lipase activities were reduced by chitosan,
which indicated that it could regulate lipase activity; chitosan did not only
prevent hyperlipidemia induced by long-term administration of a high-
fat diet but also reduced serum lipid levels and liver-fat accumulation in
hyperlipidemic rats. Xu et al. (2007) also investigated the effects of
chitosan on lipid metabolism in hyperlipidemic rats. Chitosan lowered
total cholesterol levels, LDL-C in plasma, and total cholesterol and total
triglycerides in the liver, and increased fecal bile acid excretion, but did
not change levels of triglyceride and HDL-C in plasma. It was also found
that hepatic LDL receptor mRNA levels were increased by chitosan.

Bokura and Kobayashi (2003) suggested that in the digestive system,
chitosan acts by forming a gel in the intestinal tract, which entraps
cholesterol and lipids, and ingested chitosan develops an HCl layer in
the stomach. Chitosan particles form agglomerates with cholesterol and
fatty acids in the duodenum, which resulted in inhibiting cholesterol
adsorption from the gastrointestinal tract. In a randomized, double-
blind, and placebo-controlled clinical study, oral administration of chit-
osan reduced serum total cholesterol, especially in elderly women, while
chitosan exhibited mild effects of reducing total and LDL cholesterol after
8weeks (Bokura and Kobayashi, 2003).

Several researchers suggested a possible mechanism with regard to
the hypocholesterolemic activity of chitosan as follows. Tai ef al. (2000)
explained that the possible mechanism of the hypocholesterolemic activ-
ity of chitosan is similar to dietary fiber. Chitosan has high positive charge
densities at low pH (6.5); therefore, chitosan is positively charged in
gastric acid, which allows it to make complexes between positively
charged chitosan and negatively charged cholesterol, fatty acids, and
bile acids. The complexes then move into the intestines under an alkaline
condition and change into an insoluble gel form. When the complexes
change into the gel form, they cannot be hydrolyzed by pancreatic lipase
and are excreted in the feces. A number of studies had also reported that
chitosan increased fecal excretion of cholesterol and bile acids in animals
and humans (Imonek and Bartonova, 2005; Lengsfeld et al., 1999; Yao and
Chiang, 2006). Due to the electrostatic interaction between chitosan and
negatively charged cholesterol, fatty acids, and bile acids, higher DD
chitosan shows the highest hypocholesterolemic activity but viscosity is
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not the major factor influencing the hypocholesterolemic effects of chit-
osan in the upper gastrointestinal tract.

C. Antimicrobial activity

Many studies have been conducted on the antimicrobial activity of
chitosan since Allan and Hadwiger (1979) first reported that chitosan
and its derivatives had broad-spectrum antimicrobial effects. The group
of researches proved that chitosans are capable of inhibiting the growth of
some microorganisms including bacteria, yeasts, and fungi.

Jeon et al. (2001) prepared 89% deacetylated chitosan, and the MIC
values of chitosan against Gram-negative and Gram-positive bacteria
were less than 0.06%. No et al. (2002) also examined the antibacterial
activities of six chitosans and six chitosan oligomers with different MWs
against four Gram-negative (Escherichia coli, Pseudomonas fluorescens,
Salmonella typhimurium, and Vibrio parahaemolyticus) and seven Gram-
positive bacteria (Listeria monocytogenes, Bacillus megaterium, Bacillus
cereus, Staphylococcus aureus, Lactobacillus plantarum, Lactobacillus brevis,
and Lactobacillus bulgaricus). The MICs of the chitosans ranged from
0.05% to more than 0.1% depending on the bacterial species and the
MW of each chitosan, and the activity was higher than that of chitosan
oligomers. Seo et al. (1992) tested the effects of chitosan on the growth of
11 different bacteria and found that the MIC values of the chitosan ranged
from 10 to 1000ppm. Among the organisms tested, the growth of E. coli,
P. fluorescens, B. cereus, and S. aureus was inhibited by chitosan concentra-
tions of 20, 500, 500, and 1000ppm (i.e., 0.002, 0.05, 0.05, and 0.1%,
respectively), respectively. Uchida et al. (1989) previously reported that
the MIC values of chitosan for E. coli and S. aureus were 0.025% and 0.5%,
respectively. According to the literature, the antimicrobial activity of
chitosan is influenced by a number of factors such as the type of chitosan,
molecular mass, and some of its other physico-chemical properties
(Shibasaki et al., 1994; Uchida et al., 1989). In recent years, the antimicro-
bial activity of chitosan against methicillin-resistant S. aureus (MRSA) and
vancomycin-resistant S. aureus (VRSA) was investigated by several
researchers. Lee ef al. (2009) prepared B-chitosan (685kDa, 20cps) from
arrow squid pens and evaluated it against MRSA and VRSA, and found a
MIC value of 0.625mg/mL against MRSA and VRSA, respectively. Park
et al. (2009) also prepared chitosan (P6-MMC) with an average MW of 110
kDa from high MW chitosan by enzymatic hydrolysis, and evaluated its
antimicrobial activity against MRSA. It was observed that P6-MMC exhib-
ited superior anti-MRSA activity in a dose-dependent manner compared
to native chitosan.

So far, a tremendous amount of literature supports the essential
importance of the polycationic structure of chitosan in antimicrobial
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activity. A higher positive charge leads to electrostatic interaction
between chitosan and negatively charged cell walls. A high DD shows a
higher positive charge in chitosan. Park et al. (2004b) proved that high DD
chitosan revealed a higher antimicrobial activity than low DD chitosan.
Takahashi et al. (2008) also provided evidence that a higher DD with more
positive charge was especially successful in inhibiting the growth of S.
aureus, suggesting the antibacterial activity of chitosan toward S. aureus
was enhanced with increasing DD. These results suggest that a free amino
group plays a pivotal role in the antimicrobial activity. However, numer-
ous studies on the bactericidal activity of chitosan have generated ambig-
uous results concerning the correlation between bactericidal activity and
chitosan MW. Several reports revealed that high MW chitosan showed
higher antimicrobial activity than low MW chitosan because high MW
chitosan has more positive charge. On the other hand, low MW chitosan
showed higher inhibitory activities against Fusarium oxysporum, Phomopsis
fukushi, and Alternaria alternata than high MW chitosan (Hirano and
Nagao, 1989). Jeon and Kim (2000) also showed that low MW chitosan
with MW of 5000-10,000Da had stronger antimicrobial activity than high
MW chitosan. Chitosan is known to have chelating ability for various
trace metal ions including Ni**, Zn**, Co®*, Fe**, Mg”", and Cu®" in acid
conditions. It is well known that the cell walls of microorganisms, espe-
cially the outer membrane of Gram-negative bacteria, are stabilized by
interactions between metal ions and cell wall molecules such as lipopo-
lysaccharides. Therefore, the chelating of chitosan toward trace metal ions
disrupts the integrity of the outer membrane, resulting in loss of the
barrier function or blocking of the nutrient flow with concomitant
bacterial death due to depletion of nutrients.

Currently, chitosan has been approved as a food additive in Korea and
Japan since 1995 and 1983, respectively (KFDA, 1995; Weiner, 1992), and
is mostly applied as a food additive or preservative and as a component of
packaging material. In addition, the antimicrobial characteristics of
chitosan present a profitable potential for developing functional food
ingredients; however, they may prove to be useful in nutraceuticals for
the ability to stimulate host defenses against a variety of bacteria, fungi,
and yeast (Lim and Hudson, 2003).

D. Anti-inflammatory activity

Inflammation involving a wide variety of physiological and pathological
processes is a kind of defense mechanism in an organism and is initiated
by the invasion of pathogens or by tissue injury caused by biological,
chemical, or physical damage. Inflammation is largely divided into acute
and chronic inflammation. Acute inflammation is a short-term normal
response, whereas chronic inflammation may progress from acute
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inflammation if the stimuli persist, causing individual tissue damage
(Drayton et al., 2006). Usually, leukocytes including macrophages, neu-
trophils, and eosinophils lead to tissue repair by the production of a
variety of inflammatory mediators in order to remove the cause of inflam-
mation. Among the cellular responses, the activation of macrophages is
essential to the initiation and continuation of defensive reactions. Once
they are stimulated by stimuli, macrophages released proinflammatory
cytokines such as tumor necrosis factor-o. (TNF-a), interleukin-1§ (IL-1p),
and IL-6, as well as inflammatory mediators including nitric oxide and
prostaglandin E, (PGE,), which are synthesized by inducible nitric oxide
and cyclooxygenase-2 (COX-2), in order to enhance the defense capacity.
Secretion of the inflammatory mediators against invading pathogens is
essential for innate immunity and promotes the actions of the specific
immune system; however, overproduction of macrophage-derived med-
iators are involved in the causation of many human diseases including
rheumatoid arthritis, asthma, atherosclerosis, and endotoxin-induced
multiple organ injury (Guslandi, 1998; Ritchlin et al., 2003; Simons et al.,
1996). Therefore, anti-inflammatory agents reduce the magnitude of the
released mediators by inflammatory response, and several nutraceuticals
such as 0-3 PUFA, soy isoflavones, plants, and spices are being discovered.

Although a number of studies regarding the biological properties of
chitosan have been performed, a few on its anti-inflammatory activities
have recently been published. Ueno et al. (2001) described that chitosan
promotes phagocytosis and the production of osteopontin and leukotri-
ene B by polymorphonuclear leukocytes; activities such as phagocytosis;
the production of IL-1, transforming growth factor bl, and platelet-
derived growth factor by macrophages; and the production of IL-8 by
fibroblasts, enhancing immune responses. Chitosan was also able to pre-
vent pulmonary inflammation by inhibiting type 2 helper T cells and
reducing levels of IL-4 and IL-5, and water-soluble chitosan inhibited
the secretion of both IL-8 and TNF-a from mast cells (Hall et al., 2002;
Kim et al., 2004). Since mast cells are necessary for allergic reactions and
have been implicated in a number of neuroinflammatory diseases, these
results suggest that chitosan has the potential to reduce the allergic
inflammatory response. Chou et al. (2003) also found that chitosan inhib-
ited PGE, formation and COX-2 induction in LPS-stimulated RAW?264.7
macrophages. A high amount of PGE, derived from COX-2 induced by
many proinflammatory mediators including TNF-a, IL-1B, and LPS has
been implicated in the pathogenesis of sepsis and inflammation (Futaki
et al., 1997, Hammond et al., 1999). In addition, treatment of a selective
COX-2 inhibitor suppressed PGE, as well as normalized proinflammatory
cytokine formation and subsequently improved survival after trauma,
suggesting that inhibition of PGE, overproduction by suppressing
COX-2 expression may be a potential pharmacologic target to treat
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inflammatory diseases (Mark Strong et al., 2001). In another study, Kim
et al. (2002) investigated the anti-inflammatory effect of water-soluble
chitosan in human astrocytoma cells activated by amyloid B peptide
and IL-1B, because a chronic inflammatory response associated with
B-amyloid and IL-1P is responsible for the pathology of Alzheimer’s
disease. After stimulation by B-amyloid and IL-1B, the production of
proinflammatory cytokines was amplified; however, the production of
TNF-o and IL-6 was significantly inhibited by pretreatment of water-
soluble chitosan in the human astrocytoma cells. As described above,
chitosan may be able to modulate some inflammatory cytokines as well
as inflammatory gene expression; therefore, chitosan could be used as an
ingredient in functional foods for the prevention or alleviation of
inflammatory diseases.

E. Other biological properties

Chitosan has also been reported to prevent increases in blood pressure.
A high level of sodium chloride in the diet has been shown to increase
blood pressure in human and animal models of hypertension (Boon and
Aronson, 1985). In addition, the ingestion of nonchloride sodium salt did
not increase blood pressure, but an elevation of blood pressure was
observed with the ingestion of chloride salts. These results suggest that
chloride ions play an important role in the elevation of blood pressure in
human and animal models of hypertension. Okuda et al. (1997) proved
that chitosan could reduce blood pressure with the administration of a
high-salt diet containing chitosan, and serum angiotensin-converting
enzyme was also significantly reduced by chitosan in stroke-prone
spontaneously hypertensive rats.

The immunostimulating activity of chitosan has also been reported.
A 70% DD chitosan showed immunostimulating effects by activating
macrophages and natural killer cells in rats when infected with E. coli
and Sendai virus (Nishimura et al., 1984). Chang et al. (2004) also reported
the immune-enhancing effects of chitosan as a novel adjuvant to an
inactivated influenza vaccine, and the antibody content in serum
remarkably increased the antiviral defenses of mice.

Further, the antiulcer effect of chitosan was investigated. Anandan
et al. (2004) induced ulcers in rats by HCl-ethanol, and investigated the
effects of ulcers in the presence of chitosan. Significant increases were
observed in the volume and acidity of gastric fluid and in the level of lipid
peroxidation, along with significant decreases in glutathione levels, activ-
ity of antioxidant enzymes, and peptic activity in the gastric mucosa.
However, the ulcerogenic effects of HCl-ethanol were decreased in the
presence of chitosan to normal levels of gastric activity and peptic
activity.
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IV. FUTURE PROSPECTS

Chitosan is a deacetylated form of chitin from the exoskeletons of marine
crustaceans, shellfish, and some fungi. Due to its biocompatible, biode-
gradable, and nontoxic nature, considerable interest and attention have
been focused on chitosan to develop nutraceuticals. According to past
research, chitosans exhibit a variety of biological activities including
antioxidant, hypocholesterolemic, antimicrobial, immune-stimulating,
and anti-inflammatory activities that give them the potential to be highly
effective nutraceuticals. However, it should be noted that the described
biological activities of chitosan were dependent on its MW and DD, and
not all of these biological activities are displayed in the same chitosan.
Prior to potential application of chitosan as a nutraceutical, special types
of chitosan displaying special bioactivities should be developed. More-
over, high MW chitosans are water-insoluble, and are difficult to absorb
in the intestine, which is a major limitation for applications. In addition,
the exact mechanism of each biological activity of chitosan should be
understood in molecular-level detail. Although a tremendous amount of
research on chitosan with regard to exploiting it as a nutraceutical has
been conducted, some problems still remain unsolved; therefore,
solutions to these problems may help accelerate its future applications.
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