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ABSTRACT

Chitosan (a chitin derived biopolymer) has gained enormous attention due to its
potential uses in broiler and laver production. Chitosan is a natural, nontoxic,
and biodegradable substance that has several benefits in poultry, i.e., it improves
poultry growth, health, and overall productivity. The present review paper
explores the versatile roles of chitosan in poultry, exploring its use as an
immune-modulator, growth promoter, and natural antimicrobial and antioxidant
feed additive. Chitosan biopolyvmer is reported to boost the immunity FCR (feed
conversion ratio) and reduce the chances of diseases working as an antimicrobial
compound. Chitosan enhances nutrient digestibility and absorption, maintains
gut health, and controls the intestinal microflora. Dietary use of chitosan is well
documented to improve meat quality, feather growth, and egg quality as an
alternative to synthetic growth promoters and antibiotics. Therefore, this review
intends to gather scientific evidence about using chitosan on production
performance, health and well-being of poultry and minimizing the impact of
production on the environment for sustainable and environmentally healthy
production. Moreover, the prospects for research on chitosan in poultry
production are also discussed, stressing the need to optimize chitosan
applications and address existing limitations.
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Introduction

Chitosan is a natural polysaccharide bio- currently gained significant attraction in
polymer derived from Chitin (the major poultry production because of its beneficial
component of arthropods) derived from the effects viz; antimicrobial, growth promoter,
exoskeleton of arthropods and crustaceans antioxidant, and immune-modulating effects
e.g., shrimps, lobsters, crabs, etc., which has (Khambualai et al., 2009).
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In poultry production, chitosan has gained
significant attention as a potential alternative
to antibiotics, which are being eliminated
more and more due to concerns about
antibiotic resistance. The chitosan
contributes to faster growth and better food
efficiency by promoting better nutrient
digestion and absorption. Several studies
have shown that chitosan improves the food
conversion relationship (FCR), a critical
metric in the cultivation of poultry, by
increasing the efficiency with which birds
turn food into body weight. A study by Yu et
al. (2016) showed that the chitosan improves
the height of the villus and the depth of the
crypt in the intestines of the poultry. This
increase in surface increases nutrient
absorption, which leads to better growth. The
study found that the birds that received
chitosan in their feed significantly increased
their average daily weight compared to the
control group. Research by Shamsudin et al
(2015) reported that chitosan
supplementation improved FCR, indicating
that birds could utilize feed more efficiently.
This resulted in reduced feed costs, as less
feed was required to achieve the same weight
gain, a crucial factor for improving the
economic sustainability of poultry farming
(Huang et al, 2005). Chitosan has been
found to increase the production of key
immune cells such as macrophages, T-cells,
and infection-fighting cells, which are
responsible for protecting the body from
pathogens and infections. Besides that, the
controlling/adjusting of the release of
cytokines by chitosan aids in the creation of
a balanced unable-to-be-harmed response.
Research has shown that dietary chitosan

improves nutrient digestibility, eventually
leading to a better feed.
Several researches found Chitosan

significantly improves the immune response
in poultry; therefore, it is a significant
component in poultry production. Besides
that, the modulation of the release of
cytokines by chitosan aids in creating a
balanced immune response in the poultry.
The ability of chitosan to strengthen
immunity leads to a lower infection rate
and, hence, enhanced general flock health
with minimal use of antibiotics or other
synthetic growth promoters. By promoting
natural immunity, chitosan allows for a
more sustainable and bio-secure poultry
production system. Research has shown
that dietary chitosan enhances poultry's

proteins, fats, and carbohydrates allows for
nutrients in feed to be wutilized more
efficiently. This results in increased weight
gain and growth in poultry. Moreover, its
impact on digestive enzymes and gut
morphology significantly improves complex
nutrient digestibility in birds to maximize
the nutritional value obtained from feed.

Chitosan has been shown to exhibit good
effects on the gut health of poultry,
including fostering beneficial gut microbiota
and improving the integrity of intestines. It
has also been proven to improve gut
anatomy by raising the surface area for the
absorption of nutrients through stimulation
of villi growth in the intestines. Improving

gut structure leads to better nutrient
absorption and digestion. In addition,
chitosan helps balance beneficial gut

bacteria, keeping a healthy microbiome in
place, which supports digestion, immunity,
and general health. By improving gut
health, chitosan boosts poultry health and
productivity @ and  supports a  more
sustainable and eco-friendly approach to
poultry farming, reducing reliance on
antibiotics and synthetic growth promoters.
Therefore, the review article explores the
possible benefits and applications of
chitosan for enhancing poultry health,
immunity, welfare growth, gut health, and
overall production efficiency.

Chitosan: a versatile biopolymer with a
wide range of applications

Chitosan is a natural biopolymer derived
from chitin, a major structural component of
the exoskeletons of crustaceans such as
crabs, shrimps, and lobsters. It is obtained
by deacetylation of chitin, which removes
acetyl groups from the polymer chain.
Chitosan has gained significant attention in
recent years due to its unique properties and
wide range of applications in various fields,
including medicine, agriculture, food, and
water treatment.

Properties of Chitosan

Chitosan is a cationic polymer with a positive
charge at low pH. This property gives it
several unique characteristics:

» Chitosan is generally well-tolerated by
the human body and is non-toxic. It is
biodegradable and can be easily
metabolized by the body.

. di bili v i ; » Chitosan is biodegradable in the
?ugnegc ' 1gest1I1 ity, ev?ntua y k11mprov1;11g environment, making it an
ced ctliciency. ts capamty. to enhance the environmentally friendly material.
absorption of key nutrients such as
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» Chitosan exhibits antimicrobial activity
against various microorganisms,
including bacteria, fungi, and viruses.
This is due to its ability to interact with
the cell membranes of microorganisms,
disrupting their integrity.

» Chitosan promotes wound healing by
stimulating cell proliferation and

migration. It also forms a protective
barrier over the wound, preventing
infection and promoting tissue
regeneration.

» Chitosan has a high affinity for various
substances, including heavy metals,
dyes, and other pollutants. This
property makes it useful for water
treatment and waste management.

Widespread applications of chitosan in
various fields

can accelerate blood clotting due to its ability
to interact with platelets and promote fibrin
formation. This makes it a promising
material for wound dressings, particularly in

cases of severe bleeding. This is why
chitosan-based dressings and films
accelerate wound healing and prevent
infection. Chitosan can be used to

encapsulate drugs, vaccine and nutrients
and deliver those nutrients to particular
target points in the body (Fig. 1). It is used
to encapsulate drugs and deliver them in a
controlled manner to particular points in the
body to the desired location. This can
improve drug efficacy and reduce side effects.
It is also used as a scaffold material for
tissue engineering applications, such as
cartilage regeneration and bone repair, to
enhance the immune response and stimulate
the production of antibodies. Moreover, its

Medicine: Chitosan is biocompatible, antimicrobial properties help prevent wound
meaning it is well-tolerated by the body and infection, a crucial factor in promoting
does not cause adverse reactions. Chitosan healing.

Chitosan
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C: |p\u|«
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Fig. 1. Chitosan is a bioactive agent to delivers drugs, vaccines, and nutrients at target sites
(Huang et al.,2005)

Agriculture: Chitosan can stimulate plant
growth and development by promoting root
elongation and enhancing nutrient
uptake. Chitosan can be used as a bio-
control (natural fungicide and bactericide) to
protect plants from diseases. Chitosan can
improve soil quality by increasing water
retention and nutrient availability; hence, it
stimulates plant growth and development by

promoting root elongation and enhancing
nutrient uptake (Fig. 2).

Food Industry: Chitosan can be used as a
natural food preservative to extend the shelf
life of food products. Chitosan can be used
to clarify fruit juices and wines by removing
suspended particles. Chitosan can be used
as a thickening and gelling agent in various
food products (Fig. 2).
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Water Treatment: Chitosan can be used to
remove heavy metals (lead, cadmium, and
mercury) from contaminated wastewater to
purify it as it has a high affinity for these
metals and to remove dyes from textile
wastewater, hence helping to reduce
environmental pollution. Chitosan can
remove bacteria and other microorganisms
from drinking water (Fig. 2).

Other Applications: Chitosan is used in
cosmetics as a hair conditioner (forming a
protective film around hair strands), skin
moisturizer, and sunscreen (improve skin
hydration and reduce wrinkles, protect the
skin from UV radiation) and to produce
biodegradable plastics. Chitosan can be used
in biofilters for air purification (Fig. 2).

Fig. 2. Widespread application of Chitosan in different industries; adopted by Wu et al.
(2024).

Chitosan also improves gut health by acting
as a prebiotic, encouraging the growth of
beneficial gut macrobiotics while suppressing

harmful pathogens. This helps reduce
digestive disturbances and maintain a
healthy gut environment, essential for

optimal nutrient absorption and overall
health. Chitosan helps to reduce intestinal
permeability, or "leaky gut," which can lead
to nutrient loss and increased susceptibility
to infections. By improving intestinal barrier
function, chitosan helps poultry retain more
nutrients from their feed, leading to better
growth and immune defense. By controlling
harmful bacteria, chitosan reduces
inflammation and stress in the digestive
tract, which can improve overall gut (Yu et
al, 2016).

With antimicrobial and anti-fungal
properties, chitosan helps control harmful
microorganisms and protects poultry birds
from infections that could otherwise
interrupt growth and production
performance (Jang and Lee, 2014). Chitosan

binds to the cell walls of bacteria, breaking
off their structure and preventing their
growth. Research has shown that chitosan is
effective against several pathogens of poultry
like Escherichia coli, Salmonella,
Campylobacter, and Clostridium Perfringens
(Xia et al.,, 2011), hence helps to improve
intestinal health, nutrient
digestibility/absorption, and  production
(Hossain and Lim, 2014). This beneficial
product also has anti-fungal properties and
can help to control mold and fungal
contamination in poultry feed by disrupting
the cell membranes of mushrooms,
preventing their growth and reducing the risk
of mycotoxicosis. Studies have shown that
chitosan can reduce fungus contamination
by up to 50%.

The chitosan effects on the immune response
of poultry is attributed to its ability to

modulate immune responses, increase
resistance to diseases, and stimulate
function of immune cells including

macrophages and lymphocytes, which are
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the body's main defense, hence reducing the
need for antibiotics. Chitosan is also reported
to increase antibody production, improving
further poultry disease resistance (Zhang et
al, 2012). In a study, birds fed with Chitosan
showed significantly improved serum levels
of immunoglobulin G (IgG). Therefore,
Chitosan offers a natural alternate option to
address the increasing concern for traditional
antibiotic resistance. This is especially
important in organic poultry farming and
regions with strict regulations regarding
antibiotic use (Wu et al, 2005).

How it works in poultry

Catioonc chitosan's allows it to interact with

anionic bacterial cell membranes. This
interaction  disrupts the  membrane's
integrity, leading to cell death. This
antimicrobial property makes chitosan

effective against various pathogens that can
infect poultry, such as E. coli, Salmonelia,
and Clostridium perfringens. Beyond its
antimicrobial effects, chitosan also influences
the gut microbiome. It can selectively
stimulate the growth of beneficial bacteria
while suppressing the growth of harmful
pathogens. This balanced gut macrobiotic is
crucial for nutrient absorption, immune
function, and overall bird health.

Benefits of using chitosan in poultry
farming

Studies have shown that supplementing
poultry feed with chitosan can enhance feed
conversion efficiency, leading to faster growth
rates and increased body weight. Chitosan
can stimulate the immune system of poultry
by activating macrophages and increasing
the production of antibodies. This can help
birds better resist infections and
diseases. By controlling pathogens and
improving gut health, chitosan can help
reduce mortality rates in poultry flocks.
Chitosan may also improve meat quality by
enhancing muscle growth and reducing fat
deposition. As a natural alternative to
antibiotics, chitosan can help reduce the

reliance on these medications in poultry
farming.

Chitosan can be incorporated into poultry
feed, including powder, pellets, and
premixes. The optimal dosage and
administration method will depend on factors
such as the age and health status of the
birds, the specific pathogens of concern, and
the desired outcomes. Whilst chitosan offers
several benefits, it's important to note that
research on its use in poultry is ongoing.
More studies are needed to fully understand
its mechanisms of action and optimize its
application in different poultry production
systems. Chitosan can also extend the shelf
life of poultry products by preventing
microbial growth during storage. This has
economic implications for the poultry
industry, as it helps maintain the quality and
safety of poultry meat during transportation
and retail distribution (Chen et al., 2013).
Chitosan can be applied to poultry meat as a
natural preservative. Research has shown
that when chitosan is used as a coating for
poultry products, it inhibits the growth of
spoilage microorganisms and extends shelf
life by up to 50% by direct impact reducing
the forging and improving the safety of meat,
especially when the climate is hot for faster
bacterial growth (Ouattara et al, 2000).
Being an antioxidant Chitosan helps protect
birds from oxidative stress caused by free
radicals, which can damage cell structure
and deteriorate immune function, Chitosan,
however helpful to neutralize these free
radicals, and its use in poultry production is
in line to address the increasing demand of
sustainable @ and  organic  agricultural
practices (Badawy and Rabea, 2011) by
cutting antibiotics requirement, improving
natural feed quality and extending the shelf
life of poultry products (Kim et al, 2011).
Therefore, Chitosan is a promising solution
for economic and environmental goals in
modern poultry production (Zhang et al,
2012; Kong et al., 2010).

Table 1. Antimicrobial and antioxidant applications of chitosan.

Antimicrobial = The positively charged chitosan molecules interact with Wu et al
negatively charged microbial cell membranes, causing the (2024)
membrane to rupture. This gives chitosan its antibacterial
properties.

Antioxidant Chitosan demonstrates antioxidant properties by neutralizing Yang and
hydroxyl, superoxide, and DPPH radicals. Chen,

2014)
26
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In a study (Huang et al, 2005) Chitosan
supplementation in poultry diets led to a
momentous improvement in the weight gain
by increasing the surface area of the
intestine to facilitates better absorption of
nutrient as it causes improved villus height
and crypt depth of the intestines leading to
an increased growth and production
performance hence helpful to reduce the feed
costs and increase the profitability of poultry
production (Zhuang et al., 2015).

Chitosan acts as a pre-biotic and promotes
the growth of  beneficial bacteria
(lactobacillus and Dbifid bacteria, etc.),
inhibiting the growth of harmful pathogens
(Hassan et al, 2016), causing intestinal
micro-flora balance that is necessary for
proper digestion and absorption of nutrients.
The Zhang study investigated that Chitosan
can lessen intestinal permeability and
prevent leakage of harmful microorganisms
and toxins into the bloodstream. As an anti-
inflammatory substance, Chitosan helps to
reduce bowel inflammation caused by
enteritis,  bacterial infections, and/or
digestive disorders (Jang and Lee, 2014).

Key benefits of chitosan in poultry farming

Chitosan improves the digestibility of
numerous nutrients in feed which improves
bioavailability of feed in cost effective mode.
This is achieved by modulating the gut
macrobiotic, promoting the growth of
beneficial bacteria, and improving nutrient
absorption. Chitosan has been shown to
stimulate the immune system of poultry,
making them more resistant to various
diseases. It activates immune cells, increases
antibody production, and enhances the
immune response. Chitosan's antimicrobial
properties can help reduce the reliance on
antibiotics in poultry farming (Khalil et al,
2020). By controlling pathogens and
improving gut health, chitosan can help
maintain a healthy gut environment and
reduce the risk of infections. Chitosan can
improve meat quality by enhancing muscle
growth, reducing fat deposition, and
improving meat tenderness. This is achieved
by optimizing nutrient utilization and
regulating metabolic processes.

Mechanism of action

Chitosan's positive charge interacts with the
negatively charged cell membranes of
bacteria, fungi, and viruses, disrupting their
integrity and leading to cell death. Chitosan
can activate macrophages, a type of white
blood cell that plays a vital role in the stress
response. It can also stimulate the
production of cytokines, which are signaling
molecules that control stress function.

Chitosan can control/adjust the gut
macrobiotic, the growth of helpful bacteria
and stop the growth of harmful. This helps
maintain a healthy gut (surrounding
conditions), which is extremely important for
something that acts as food and is unable to
be harmed function.

Applications in poultry farming

Chitosan can be incorporated into poultry
feed, including powder, pellets, and
premixes. It can also be used as a coating for
feed or as a water additive. The optimal
dosage and administration method will
depend on the specific needs and goals of the
poultry farm. Beyond its prebiotic effects,
chitosan is a potent antimicrobial agent. It
has been shown to reduce harmful bacteria
such as Salmonella, Escherichia coli, and
Clostridium  perfringens, all common
pathogens that can cause illness and affect
poultry performance. Chitosan works by
binding to the bacterial cell walls and
disrupting their integrity, which prevents the
bacteria from proliferating. Studies by Liu
demonstrated that chitosan supplementation
significantly reduced bacterial loads in the
intestines and helped maintain a healthier
gut macrobiotic, leading to fewer digestive
problems and better overall health. This
reduction in harmful bacteria means less
energy is spent by the birds fighting
infections, which in turn allows more energy
to be directed towards growth (Liu et al,
2010).

Chitosan's anti-mycotoxin properties are also
valuable in farming, especially in preventing
the contamination of feed with molds and
fungi that produce mycotoxins (Dai et al,
2015). Molds such as Aspergillus and
Fusarium are commonly found in feed, and
the mycotoxins they produce can lead to
serious health issues, including liver
damage, reduced feed intake, and
damaged/weakened unable to be harmed
function. Research has shown that chitosan
stops fungal growth and spores, which helps
reduce the risk of mycotoxicosis (Al-Marzooqi
et al, 2012). A study by Tavares showed that
chitosan could reduce fungal contamination
in feed by up to 50%, by that/in that way
lowering the possible exposure to harmful
mycotoxins and improving feed quality (Liu et
al., 2012).

In addition to its antimicrobial benefits,
chitosan has been found to control/adjust
the disease-fighting system, increasing their
resistance to infections. Chitosan boosts the
activity of macrophages and infection-fighting
cells, and improves resistance against
diseases. Research by Yang et al. (2016) and
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Yang et al, (2009) showed that birds added
with chitosan had higher levels of
immunoglobulin G (IgG), a key marker of
unable to be harmed response, compared to
those not increased/added.

This enhanced immune response improves
disease resistance and reduces the need for
antibiotics, which is particularly important in

light of the growing concerns over antibiotic
resistance in agriculture. By improving the
poultry’s natural defenses, chitosan can
reduce the frequency and severity of
infections, helping to maintain healthy flocks
and reduce veterinary costs (Zhou et al,
2009).

Table 1. Applications and Benefits of Chitosan Nanoparticles in Poultry Nutrition and

Immunity.

Nutrient Delivery Encapsulation of essential Enhanced nutrient Burt
nutrients for targeted bioavailability and (2004)
release. absorption; reduced

nutrient wastage.

Immunomodulation = Activation of macrophages Improved immune Lan etal
and stimulation of responses; enhanced (2019)
cytokine production. resistance to infections.

Antimicrobial Disruption of bacterial cell Reduction of harmful gut Sharma et

Activity membranes due to pathogens; promotes a al (2020)
chitosan's cationic nature. healthier gut microbiome.

Antioxidant Neutralization of free Improved overall health Zhang et

Properties radicals and reduction of and performance; better al (2018)
oxidative stress. meat and egg quality.

Improved Feed Enhancement of gut villi Reduced feed costs; higher Lan etal

Efficiency structure, improving weight gain with less feed. (2021)

nutrient absorption.

Production of free radicals during oxidative
stress can damage cells and immunity,
however, Chitosan are reported to neutralize
these free radicals thus protect cells from
being damaged (Zhang et al, 2018)
contribute to better health, disease
resistance, and improved production
performance, during heat stress and
oxidative stress (Lan et al, 2019). It also
preserves poultry meat preventing microbial
spoilage during storage conditions and
extends the shelf life of poultry products. In a
study, poultry products coated with chitosan
showed significantly longer shelf life and
healthier microbial quality when compared to
non-treated products (Sadeghi and Motlagh,
2013). As the industry continues to search
sustainable alternatives to chemical additives
and traditional antibiotics, chitosan offers an
auspicious solution (Al-Murrani and Al-
Mashhadani, 2015; Dong et al.,, 2016).

Chitosan help poultry’s resistance to
pathogens, which is especially beneficial in
large-scale poultry operations where diseases
can spread quickly. It stimulating both the
innate and adaptive immune responses and
increase key immunity markers e.g. IgA, IgG,
IgM and cytokines, which are necessary to
defend against pathogens (Shahidi et al,
2010). In addition, it also boosts macrophage
activity playing a critical role in phagocytosis

as Researchers have shown that chitosan
can boost the function of macrophages
(Hassan and El-Hamid, 2012). Moreover,
chitosan helps to reduce inflammation by
balancing pro-inflammatory and anti-
inflammatory responses (Xie et al., 2017).

Chitosan boost the activity of antioxidant
enzymes i.e. superoxide dismutase (SOD)
and catalase (CAT) and protect cells and
tissues from oxidative damage and improve
the meat quality by maintaining muscle
tissue integrity, color, texture, and shelf life
(Yan and Zhang, 2019; Yang et al, 2016).
This can assist lessen post-slaughter losses
and improve the quality of stored meat. It
also reported to improve the strength of
eggshells by improving calcium retention
making the eggs stronger and sound and
protects egg yolk from oxidation (improve the
lipid profile of meat and eggs, potentially
lowering cholesterol levels), maintaining its
color and nutritional worth thus help
orienting with consumer demand for
healthier food choice (Wang et al, 2017,
Zhao et al.,, 2014). By doing so, chitosan not
only helps to produce healthier poultry flocks
but also supports antibiotic-free poultry
production, which is becoming increasingly
important in both traditional and eco-friendly
organic poultry farming (Zhang et al.,, 2018).
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Table 2. Immune response, anti-inflammatory, and anti-cholesteremic applications of chitosan.

Immune Complement system activation, improvement in humoral Jang and

Response immunity and stimulation of CD4+ cells are main immune Lee (2014)
responses produced by chitosan.

Anti- Chitosan has powerful anti-inflammatory properties by  Wang et

inflammatory modulating the inflammatory response and reducing its al (2005)
severity in chronic illnesses.

Anti- Chitosan helps lower LDL cholesterol and triglyceride levels =~ Wang et

cholesteremic  when used in the form of chitosan oligosaccharides. al. (2017)

The benefits of chitosan in poultry farming
are also important for environmental healthy
poultry farming. Chitosan also improves
FCR, reduces resource input use and
minimizes the environmental impact of feed
production (Khateeb and Al-Ajmi, 2011). In
addition to improving feed efficiency,
chitosan can enhance waste management in
poultry farms. By reducing the levels of
harmful nutrients such as nitrogen and
phosphorus in poultry manure, chitosan can
help mitigate pollution and improve the
sustainability of waste disposal practices.
Moreover, chitosan is biodegradable and has
a minimal environmental footprint compared
to synthetic additives and chemicals
commonly used in poultry farming, making it
a more eco-friendly option (Liu et al., 2020).
Its ability to enhance poultry health while
reducing antibiotic use aligns with the
growing trend toward more sustainable and
natural farming practices. Additionally, its
environmental benefits—such as improved
feed efficiency, reduced antibiotic residues
and Dbetter waste management—make
chitosan an important component of
sustainable poultry farming. As the industry
seeks alternatives to synthetic chemicals and

antibiotics, chitosan provides a safe,
effective, and environmentally friendly
solution for improving poultry health,

productivity, and sustainability (Zhang and
Luo, 2017). Chitosan has been shown to
have a broad range of positive effects on

environmental health and poultry
performance by its impact on nutrient
absorption promoting healthy gut

environment cut-down the antibiotics usage
thus reduces the environmental impact of
poultry farming (Wang et al, 2020; Yang et
al., 2009).

In addition to its antimicrobial activity,
chitosan has been found to reduce intestinal
inflammation and increase intestinal
integrity. By enhancing gut barrier function,
chitosan helps prevent conditions like leaky
gut, where harmful substances can pass

through the intestinal wall and cause
systemic inflammation. Studies have shown
that chitosan can increase villus height in
the intestine, which is indicative of a
healthier, more efficient digestive system
(Zivanovic et al., 2005).

Chitosan’s ability to modulate immune cells
such as macrophages and lymphocyte helps
poultry better defend against a range of viral,
bacterial, and fungal infections helps to
reduce the need for vaccines and antibiotics
shifting toward sustainable organic poultry
farming practices addressing common issues
of small stack poultry farms by supporting

the innate immune response (Liu et al,
2019).
Furthermore, chitosan 1is a promising

alternative to synthetic chemical additives in
poultry feed. As concerns over chemical
residues in food and the environment
continue to grow, chitosan offers a natural
and biodegradable solution. Its use can
reduce the accumulation of harmful
substances in the environment, particularly
in poultry manure. By lowering the levels of
nitrogen and phosphorus in poultry waste,
chitosan helps mitigate the environmental
impact of poultry farming, particularly in
terms of nutrient runoff and water pollution.
This makes chitosan a valuable tool in
sustainable farming practices, where the goal
is to reduce waste and improve the overall
environmental footprint of animal production
(Rioferio et al., 2021).

Several studies have also proved that
chitosan can help to progress the lipid profile
of both poultry meat and eggs, which is in
line with consumer demand for healthier food
options. By reducing cholesterol levels in the
meat and eggs, chitosan can help produce
healthier poultry products. This is especially
valuable in meeting the growing market
demand for low-cholesterol and heart-healthy
foods. Additionally, chitosan’s effect on
reducing oxidative damage may play a role in
improving the nutritional quality of poultry
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products by preserving essential fatty acids
and other sensitive nutrients in the meat and
eggs (Yin et al, 2008).

Chitosan's versatility and effectiveness in
poultry farming extend beyond health
benefits to also include economic advantages.
The reduced need for antibiotics and other
chemical additives can lead to lower
veterinary costs, and the improvement in
feed efficiency directly translates to cost
savings. Furthermore, the enhanced growth
rates and healthier flocks can increase
production yields and overall profitability for
poultry farmers. As the demand for
antibiotic-free and sustainably produced
poultry products increases, chitosan offers a
way to meet these consumer preferences
while improving both the productivity and
sustainability of poultry farming (Zhou et al,
2012).

Chitosan in Animal Feed

Chitosan offers a range of advantages for
animal health and productivity. Chitosan
exhibits strong antimicrobial properties
against a wide range of bacteria, fungi, and
viruses. This is due to its positively charged
structure, which interacts with the negatively
charged cell membranes of microorganisms,
disrupting their integrity and leading to
pathogen death. Chitosan also reported to
enhance nutrient digestibility, and
absorption/utilization in poultry birds by
enhancing the gut health and improving gut
micro-flora causing better FCR and growth

performance. Chitosan stimulates the
immune system by activating macrophages,
other immune cells, enhancing the

antibodies production, and strengthening the
animal's defense against infections/diseases.
Possessing antioxidant properties, Chitosan
helps to neutralize free radicals produced in
the body and protect cells from the oxidative
damages hence help to reduce the risk of
oxidative stress-in poultry. This can help to
reduce the dependence of poultry industry on
antibiotics and other synthetic feed additives
and addressing the growing problem of
antibiotic resistance in humans and animals.

Effect of chitosan on production
performance, body organs weight, blood
profile, and immune response of poultry

The use of chitosan in poultry feed has been
widely studied at varying concentrations, and
the results regarding its effects on carcass
and organ weight and slaughter
characteristics are reported. Tufan and
Arslan (2020) reported that supplementation

at 50 or 100 mg/kg of chitosan has improved
the carcass percentage and enhanced the leg
and wing relative weights, but decreased the
carcass-to-liver body weight ratio. However,
in a following study carried out by Tufan et
al. (2015), dietary addition of chitosan at 75
or 150 mg/kg had no significant effect on

carcass weight, heart, liver, or gizzard
percentages in Japanese quail. Sirsat
Shraddha et al (2017) investigated the

dietary of chitosan and neem leaf meal at
0.025% and 0.05% to lower abdominal fat
contents in broilers. Whereas, results of the
experiment conducted by Arslan and Tufan
(2018) who used chitosan oligosaccharides
and L-carnitine both in a combination at 100
mg/kg reported no significant changes in
carcass weight, carcass ratio, or heart,
spleen, and gizzard ratios to carcass weight.
Similarly, Miao et al. (2020), did not find the
effects of 200 mg/kg of chitosan on dressing
percentage, eviscerated carcass percentage,
and half-eviscerated carcass percentage in
Huoyan geese. Other sources of -chitin
(studies on cricket and shrimp) have also
been explored for their impact on poultry.
Lokman et al. (2019) reported that cricket
chitin and chitosan supplementation at 0.5
g/kg or 0.5 g/kg of shrimp chitin and shrimp
chitosan did not improve carcass or organ
characteristics in broilers.

Several studies have explored the effects of
chitosan and its derivatives on various
biological processes in poultry. Li et al
(2009) found that supplementation with
chitosan at concentrations of 0.05-0.10%
increased nitric oxide content, induce nitric
oxide activity in serum, and intestinal
inducible nitric oxide mRNA expression. This
demonstrates the role for chitosan to
modulate the nitric oxide pathways, which is
important for vascular and immune
functions. Research conducted by Li et al
(2017) showed that including chito-
oligosaccharides at 200, 350, and 500 mg/kg
of feed can enhance the capacity to inhibit
hydroxy radicals and glutathione.
Furthermore, these doses are also reported to
stimulate the S and G2/M phases of the cell
cycle, as well as the ileum mucosal
lymphocytes proliferating index however
these levels decreased the malondialdehyde
which is a marker of oxidative stress. In a
later study conducted by Li et al. (2019), a
chito-oligosaccharide dosage of 30 mg/kg
showed an increased antioxidative activity in
the ileal mucosa, indicating it an important
agent to promote the intestinal health.
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Osho and Adeola (2020) reported that dietary
supplementation of chitosan-oligosaccharide
at 2 g/kg resulted an improved antioxidative
activity and thereby improve the overall anti-
oxidative status of poultry. In another study
by Hassan et al (2021), quails were given
chitosan at doses of 50 and 70 mg/kg
resulted in an enhanced antioxidant capacity
and catalase enzyme function. The effect of
chitosan on blood chemistry (lipid profiles
and immune function) was studied at
different concentrations. Hirano et al. (1990)
reported that chitosan supplementation at
0.4 g/kg (of body weight) per day resulted in
a significant decrease in cholesterol, free
fatty acids and triglycerides in the serum.
Similarly, Li et al (2007) investigated that
chitosan @ 0.01% in the diet resulted an
increased HDL concentration whilst
decreased the total cholesterol and
triglyceride concentrations in the serum,
indicating positive effect of chitosan on lipid
metabolism. In another study, Zhou et al
(2009) assessed the comparative effect of
varying levels of chitosan (at 0.14% and
0.28%) and found no effect on serum
albumin and total protein levels. According to
Meng et al (2010) chitosan at 0.02% or
0.04% can increase white blood cells (WBCs)
and total protein concentrations in blood,
hence showing potential immune-boosting
effect. Yan et al (2010) wused the
chitooligosaccharides @ of 0.01% or 0.02%,
and observed an increased level of RBCs,
WBCs and lymphocytes. Moreover, Keser et
al. (2012) envisaged the chitosan, beta-
glucan, and organic zinc combination at a
0.025% level helps to lower LDL levels.

Arslan and Tufan (2018) showed that an
application of 100 mg did not affect the
concentrations of total serum protein and
albumin. Also, Nuengjamnong and
Angkanaporn (2018) noted that there was no
significant alteration in plasma triglycerides
with 1 and 2 g/kg doses of chitosan.
However, Hassan et al (2021) noted that
chitosan at 50 and 70 mg/kg in quails
elevated HDL and triglyceride levels and also
total protein and albumin in qualils,
indicating the variable response of chitosan
to lipid and protein profiles in different
species. Many studies have examined the
utilization of chitosan nanoparticles as a
vaccine delivery system against several
poultry diseases with promising effects on
immune responses and bacterial load
reduction but without showing significant
effects on BWG or FCR. For instance,
Acevedo-Villanueva et al. (2020) conducted a

study administering triple doses of S.
Chitosan nanoparticles for enteritidis in
broiler chickens demonstrated the increased
presence of IgG and IgA antibodies and more
prominent levels of IL-1@, IL-10, and IL-4
mRNA. S. Heidelberg's load decreased within
the liver and spleen; meanwhile, the S.
enteritidis load decreased within the cecum.
Also, Han et al. (2020a) utilized nano-vaccine
using 10 ug S. enteritidis and 2 or 3 doses of
chitosan nanoparticles in broiler chickens
that enhanced mucosal, systemic, and cell-
mediated immune responses, reducing the
presence of S. enteritidis in the cecum but
without a significant effect on BWG or FCR.

Han et al  (2020b) evaluated the
immunogenicity of double doses of
Salmonella subunit antigens encapsulated in
chitosan nanoparticles in layer chickens. It
was shown that the expression of toll-like
receptor mRNA increased, and spleenocyte
proliferation was enhanced. However, titers

of antibodies did not show significant
increases. Renu et al (2020) evaluated
chitosan  nanoparticles  containing S.

enteritidis subunit proteins and flagellin
protein in layer chickens resulted in
increased mucosal IgA and increased
lymphocyte proliferation but did not have a
noticeable effect on BWG or FCR. In another
experiment, Renu et al. (2018) gave chitosan
nanoparticle vaccines to layer chickens orally
by gavage or via drinking water, enhancing
the immune response and cecal bacterial
load with no influence on BWG or FCR.

Studies have been conducted using different
concentrations of chitosan in poultry feed
with variable effects on carcass and organ
characteristics. Tufan and Arslan (2020)
observed increased carcass ratio and leg and
wing ratios at 50 or 100 mg/kg of chitosan,
which resulted in decreased -carcass-liver
ratio. In a more recent study, Tufan et al
(2015) reported that chitosan at 75 or 150
mg/kg supplementation had no impact on
carcass weight, heart, liver, or gizzard
percentages in Japanese quail.

Further research by Sirsat Shraddha et al.
(2017) established that chitosan-based diets
supplemented with neem leaf meal at the
levels of 0.025% and 0.05% reduced
abdominal fat. Conversely, chitosan
oligosaccharides and L-carnitine, at the level
of 100 mg/kg, when administered separately
or in combination, did not significantly affect
carcass weight, carcass ratio, or heart,
spleen, and gizzard to carcass weight ratios
were obtained from a study conducted by
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Arslan and Tufan (2018). Other sources of
chitin studies are also done including cricket
and shrimp. Lokman et al. (2019) researched
cricket chitin and cricket chitosan at a
dosage level of 0.5 g/kg without a significant
positive impact on carcass and organ
characteristics. Similarly, Miao et al. (2020)
researched shrimp chitin and shrimp
chitosan at 0.5 g/kg, as well as chitosan at
200 mg/kg, and noted no significant positive
effects on dressing percentage, eviscerated
carcass percentage, or half-eviscerated
carcass percentage in Huoyan geese.

Hassan et al. (2021) revealed a study where
chitosan supplements at levels of 50 and 70
mg/kg showed no impact on the dressing
percentage, liver percentage, heart
percentage, and edible parts percentage in
quails. Further studies were also conducted
on nano-chitosan, with treatments being
applied at the levels of 30 and 50 mg/kg;
however, the information provided does not
describe the effects of the treatments.
Different results have been found in research
conducted on the wuse of chitosan
nanoparticles in poultry vaccines against
Salmonellosis. Acevedo-Villanueva et al
(2020) orally gave broiler chickens triple
doses of 500, 1000, and 2000 ug of
Salmonella enteritidis in chitosan
nanoparticles. This resulted in increased IgG
and IgA antibodies and IL-1pB, IL-10, and IL-4
mRNA expression. The S. Heidelberg in the
liver and spleen, with a reduction in the load
of S. enteritidis in the cecum, but without a
significant impact on BWG or FCR. Similarly,
Han et al. (2020a) employed 10 ug of S.
enteritidis with 2 or 3 doses of nano-vaccine
given orally to Dbroiler chickens. This
treatment substantially improved mucosal,
systemic, and  cell-mediated immune
responses as well as upregulated toll-like
receptor mRNA expression. Moreover, the
count of S. enteritidis was decreased in the
cecum, yet BWG and FCR remained non-
significantly altered. Layer chickens were
orally administrated with double doses of
12.5 and 50 pg of Salmonella subunit
antigens in the form of chitosan
nanoparticles by Han et al (2020b). The
effect was on the expression level of toll-like
receptor mRNA while also stimulating the
proliferation of splenocytes. It, however,
didn't have effects on high titer antibodies
that could be identified in the present study.
Meanwhile, BWG and FCR were not affected
significantly.

Renu et al. (2020) conducted a study on
chitosan  nanoparticles  containing S.

enteritidis subunit proteins, flagellin protein,
and outer membrane proteins which were
administered orally to laying hens. The
surface of the nanoparticles was coated with
flagellin protein. This treatment caused an
increased mucosal IgA but did not affect the
serum IFN-y or IgG. It also enhanced the
proliferation of lymphocytes as well as
expression of toll-like receptors 2 & 4 and IL-
4 gene expression. However, it had no effects
on BWG and FCR.

In an experiment conducted by Acevedo-
Villanueva et al. (2022), an S. enteritidis
encapsulated chitosan-nanoparticle vaccine
was administered in Ovo. The results showed
no effect on body BWG and FCR. However, in
a later study Acevedo-Villanueva et al
(2022),  administered  vaccine (orally)
containing S. typhimurium, S. enteritidis, or
S. Litchfield heat-killed antigens
encapsulated in chitosan nanoparticles
connected with outer membrane protein, and
flagellin protein to broiler chickens. Results
revealed an increased IgY and protective
antigen-specific IgA in bile and cloaca of
broilers. It caused in up-regulated mRNA of
Toll-like receptor 5 and an improved
proliferation of lymphocytes when exposed to
S. enteritidis. Huang et al (2010) reported
that intranasal immunization of broilers with
a DNA complex vaccine based on the protein
FlaA gene chitosan-nanoparticle led to an
increase in IgG, IgA, and the ratio of
CD4+/CD8+ T cells, as well as overall T cell
proliferation. It also decreased the bacterial
load.

Singh et al. (2019) examined the recombinant
hemolysin co-regulated protein of
Campylobacter jejuni encapsulated in
chitosan nanoparticles in the form of an oral
vaccine given to chickens, which enhanced
IgA, IgY, and the expression of several genes
involved in the immune response, including
NF-kB, IL-1pB, IL-8, IL-6, IFN-y, and IL-17A.
Also, there was a reduction in the cecal load
of C. jejuni, indicating protective immunity.
In a trial conducted by Kaikabo et al. (2017)
bacteriophage-encapsulated chitosan
nanoparticles were orally applied to
chickens. These were delivered to the gut for
the therapy of colibacillosis, which
manifested with an elevated body weight;
lowered mortality was reported; however,
fecal shedding of E. coli was significantly
reduced; further, viability in the organ tissue
was drastically decreased, manifesting the
positive outcome of a functional immune
reaction against the infections. Akerele et al
(2020Db) found out that chitosan
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nanoparticles containing native and
inactivated extracellular proteins of
Clostridium perfringens are safe and

immunogenic in the in-vitro setting and a
promising candidate as a vaccine for
clostridiosis. Another study by Akerele et al
(2020a) involved the oral administration of
crude extracellular proteins from C.
perfringens and Salmonella flagella in a
chitosan nanoparticle vaccine to broiler
chickens. This led to enhanced cell-mediated
and humoral immunity, reduced signs and
mortalities associated with clostridiosis, and
improved FCR and FI, making it a promising
vaccine.

In NDV vaccine studies, researchers have
explored chitosan applications with mixed
outcomes. Rauw et al. (2010a) administered
chitosan together with a live NDV vaccine
oculo-nasally to broiler chickens. It improved
the cellular immunity without influencing the
humoral immunity considerably. Rauw et al
(2010b) administered a recombinant fusion
gene of NDV with chitosan through oculo-
nasal in layer chickens. Both humoral and
cellular immunity improved with this
technique, and this showed protection both
during early and late infection caused by
NDV. Zhao et al. (2012); Zhao et al. (2014)
encapsulated F gene plasmids or live NDV in
unaltered chitosan nanoparticles and orally

or intranasally administered them to
chickens. The vaccinated birds elicited
improved humoral systemic and local

mucosal immunity and protected them
against NDV challenge. Further studies,
including Dai et al. (2015), investigated the
use of  O-2-hydroxypropyl trimethyl
ammonium chloride chitosan nanoparticles
with live NDV vaccines, administered either
orally or intranasally. This also resulted in
increased immune responses. Zhao et al
(2017) have encapsulated attenuated live
NDV wusing N-2-hydroxypropyl trimethyl
ammonium chloride chitosan and
administered orally and intranasally. The
vaccine induced strong cellular immunity
and decreased the lesions of NDV; hence, it
demonstrates the effective utility of chitosan
nanoparticles as a delivery system for NDV
vaccines. Jin et al (2017) intranasal
administered live NDV encapsulated in
chitosan nanoparticles to chickens. This
treatment resulted in increased IgG and IgA
production and proliferation of lymphocytes,
indicating that chitosan nanoparticles are
indeed effective in the enhancement of
immunity against the Newcastle Disease
Virus.

Zhao et al. (2017) recently conducted a study
in which NDV and IBV were either
individually or used in combination with
chitosan nanoparticles and given intranasally
to chickens. This treatment elicited an
enhanced production of IgG and IgA, plus
increased lymphocyte proliferation. Also,
there was an up-regulation of the expression
of genes for IFN-y, IL-2, and IL-4 while the
lesions for NDV and IBV decreased. Later, in
the study of Zhao et al (2018), it was
administered to chickens via the intranasal
or intramuscular route in a formulation with
C3d6 as an adjuvant along with the pVAX I-
F(o) DNA, encapsulated into modified water-
soluble chitosan nanoparticles. It caused the
enhancement of IgG, IgA, IL-2, IL-4, and IFN-
y and induced higher lymphocyte
proliferation for the protection of NDV
challenges. Zhao et al (2021) applied
intranasal immunization in chickens using
O-2-hydroxypropyl trimethyl ammonium
chloride  chitosan  nanoparticles. The
response was an enhancement of IgG and IgA
production, proliferation of lymphocytes, and
upregulation of IL-2, IL-4, IFN-y, and CD4+
and CD8+ T lymphocytes, further
consolidating the immune benefits of
nanoparticle-based chitosan vaccines.

The researchers from Worrall et al. (2009)
group intranasally administered a mixture of
inactivated avian influenza virus AIV strains,
a bacterial adjuvant of Clostridium
perfringens, and chitosan for layer chicken.
The induction of HI antibody titers and
mucosal IgA production showed the potential
for enhanced immune response against the

virus. Hajam et al. (2020) have also
conducted a study where they wused
conserved protein-coated chitosan

nanoparticles to encapsulate AIV HON2 HA2
and M2e mRNA molecules, which were
administered intranasally to layer chickens.
The treatment of chitosan nanoparticles
resulted in an increased IgA, IgG, and T-cell
responses and raised cross-reactive serum
virus-neutralizing antibody titers. Lungs
gross lesions were also decreased, showing a
positive effect of treatment to prevent avian
influenza. In a research conducted by Lopes
et al (2018) an inactivated Infectious
Bronchitis Virus (IBV) was encapsulated in
chitosan nanoparticles and administered (via
the oculo-nasal route) to chickens. The
resulted revealed a reduced ciliostasis, viral
RNA copy numbers, and lesions in trachea
and kidney. In addition, there was an
increased expression of IFN-y and elevated
levels of IgA and humoral antibody, revealing
an enhanced immune response against the
IBV.
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Conclusion

Chitosan have wide range of benefits for
poultry production, as it is reported to
enhance growth performance, poultry health,
welfare, immune function, gut health, and
products shelf life as well as quality. Its
antioxidant and antimicrobial properties,
along with its ability to cut down the need for
traditional antibiotics and other chemical
synthetic additives, make it a promising
compound for sustainable and environmental
healthy poultry farming. Its positive effect on
egg and meat quality, along with its potency
to lessen the environmental footprint of
poultry farming revealed its value as a
natural and eco-friendly solution for modern
poultry production.
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