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Abstract
Background: The present study aimed to explore the effects of dietary chitosan oligosaccharides (COs)
on the growth performance and immunity of broiler chickens.

Methods: Four test diets were supplemented with different doses of COs (0, 50, 100 and 150 mg/kg) and
formulated. Triplicate groups of broiler chickens were fed with one of the diets ad libitum for 6 weeks. 

Results: After the end of the feeding trials, oral CO administration improved average daily gain; the
activities of digestive amylase, lipase and protease; the activities of serum superoxide dismutase and
glutathione peroxidase; serum tumor necrosis factor-α, interleukin (IL)-1, IL-2, IgG, IgM and IgA levels; and
reduced feed conversion ratio and malondialdehyde level compared with those of the control group.
However, a high dose of CO (150 g/kg) did not further increase its e�ciency compared with the moderate
dose of CO (100 g/kg). 

Conclusions: Oral CO administration improved the growth performance and immunity of juvenile broiler
chickens and could be used as a feed supplement.

Introduction
Chitin is a homopolysaccharide formed of β-1,4-linked N-acetyl-D-glucosamine units in algae, shrimps,
crabs, marine diatoms, insects and fungi. Chitosan, a biopolymer composed of primary 2-amino-2-deoxy-
d-glucopyranose (GlcN) and trace N-acetyl D-glucosamine units, is derived from chitin by
demineralisation, deproteinisation, deacetylation and decolouration [1].

Chitosan oligosaccharides (COs) are oligomers of GlcN and have traces of 2-acetamido-2-deoxy-d-
glucopyranose. COs possess many special physical, chemical and biological properties, such as
antioxidant, antibacterial, antidiabetic, hypolipidemic and immunomodulatory activities [2–6]. Diets
supplemented with COs effectively promoted the growth performance of koi, Japanese quail, turbot, sea
cucumber, tiger puffer, weaned pigs and loach [7–13]. However, data on the effects of COs on the growth
performance and immunity of broiler chickens are limited.

These data indicated that COs may affect the growth performance and immunity of broiler chickens,
which is worthy of investigation. Thus, this work aimed to investigate the effects of dietary CO
supplementation on the growth performance and immunity of broiler chickens.

Materials And Methods
Materials

COs were prepared in accordance with the methods of Wu [14]. The yield of CO and CO content in the
product were 91.37% and 95.84%, respectively.The enzyme-linked immunosorbent assay (ELISA) kits
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were purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). All other chemicals
were of reagent grade.

Diet preparation

The nutrient composition of the basal diet for broiler chickens is presented in Table 1.The basal diet was
supplemented with different levels of COs (50, 100 and 150 mg/kg dry diets) as three treatment groups,
whilst the basal diet without added CO was used as the control diet. All ingredients were fully mixed with
appropriate amounts of tap water, extruded, cut into particles, hot air-dried and stored at ~25 °C.                 
                                                                         

Broiler chicken feeding

Ametal cage (1.0 m× 1.0 m × 0.5) equipped with a nipple drinker was used as breeding equipment. Before
the feeding trial, 144 Arbor Acre broiler chickens (1day old and mixed sex) were randomly distributed to
12 cages, resulting in 12 broiler chickens per cage and three cages per group. The broiler chickens in the
control group were fed with a diet without CO, whilst those in the three treatment groups were fed with a
diet supplemented with 50, 100 and 150 mg/kg CO. Feed and water were supplied ad libitum for all broiler
chickens during the entire feeding trial period. All broiler chickens were individually marked.

The rearing temperature was set at ~32°Cin the �rst week and reduced by 3 °C weekly until 20 °C was
reached and maintained until the end of the experiment. During the whole feeding trial period, 23h light
and 1h dark illumination schedule was provided. Indoor sanitation was maintained by cleaning the cage
and washing the drinking fountains daily. The incidence of death of the broiler chickens was recorded
every day.

Growth

At the end of feeding trial, the broiler chickens from each cage were weighed. Growth performance was
determined in accordance with the body weight gain of surviving broiler chickens in each cage and was
calculated using the formula as follows: (�nal body weight − initial body weight)/day. Feed conversion
ratio (FCR) was calculated in accordance with the following formula: food intake/body weight gain.

Sampling

At the end of feeding trial, three broiler chickens per cage were randomly selected and slaughtered, and
their blood was collected to prepare serum samples. The serum was prepared from the blood samples by
centrifugation at 2000 × g and 3 °C for 20 min. Duodenal chyme was also collected. The serum and
duodenal chyme samples were stored at −75 °C until use. The serum samples were used to analyse the
levels of superoxide dismutase (SOD), glutathione peroxidase (GPx) and malondialdehyde (MDA), tumor
necrosis factor (TNF)-α, interleukin (IL)-1, IL-2, IgG, IgM and IgA. The duodenal chyme samples were used
to determine the activities of protease, amylase and lipase.
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Assay methods

Biochemical indices, such as the activities of protease, amylase, lipase, SOD and GPx, as well as the
levels of TNF-α, IL-1 and IL-2, were determined using ELISA kits following the manufacturer’s instructions.
MDA was determined using kits (Solarbio, Beijing, China) in accordance with the manufacturer’s
instructions.

The levels of serum IgG, IgM and IgA were assayed through immunoturbidimetry by using an automatic
biochemical analyser (Hitachi 7600, Japan). The kit was purchased from Weifang 3VBio-engineering
Group Co., Ltd.

Statistical analysis

All tests were performed in triplicate, and data were reported as mean ± standard deviation. The variance
and signi�cant differences amongst the means were tested through one-way ANOVA using SPSS
software (version 17.0 for Windows, SPSS Inc., Chicago, IL, USA).

Results
Growth performance

At the end of the feeding trial, although no signi�cant differences in Feed intake (FI) and survival rate
were observed amongst all groups, dietary CO supplementation improved the average daily gain (ADG) of
broiler chickens and decreased FCR compared with those of the control group (Table 2, p< 0.05). However,
the e�ciency of high-dose CO supplementation (100 mg/kg) was reduced compared with that of the
moderate-dose one (150 mg/kg, p< 0.05).

Intestinal digestive enzymes

The changes in the activities of digestive protease, amylase and lipase at the end of the feeding trial are
presented in Table 3. Dietary CO supplementation signi�cantly improved the activities of digestive
protease, amylase and lipase compared with those of the control group (p< 0.05). Nevertheless, a high
dose of CO 150 mg/kg) could not further improve the activities of protease, amylase and lipase
compared with the moderate group (100 mg/kg).

Serum biochemical parameters

The effects of dietary CO supplementation on the activities of serum SOD and GPx and the serum MDA
level of broiler chickens at the end of feeding trial are presented in Table 4. The SOD and GPx activities of
broiler chickens fed with a diet with CO were higher and their serum MDA level was lower than those of
the control group (p< 0.05). However, a high dose of CO (150 mg/kg) could not further improve diet
e�ciency of COs compared with those in the group fed with moderate levels of CO (100 mg/kg).

Serum TNF-α, IL-1 and IL-2 levels
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At the end of the feeding trial, dietary CO supplementation improved serum TNF-α, IL-1 and IL-2 levels
compared with those of the control group (Table 5, p< 0.05). Nevertheless, a high dose of added CO (150
mg/kg) could not further improve TNF-α, IL-1 and IL-2 levels compared with those in the moderate group
(100 mg/kg).

Serum IgG, IgM and IgA levels

The changes in serum IgG, IgM and IgA levels of the broiler chickens fed with CO-containing and control
diets at the end of feeding trial are presented in Table 6. The IgG, IgM and IgA levels in the serum of
broiler chickens fed with CO-containing diets were higher than those in the control group (p< 0.05).
However, the differences in serum IgG, IgM and IgA levels of broiler chickens fed with high dose (150
mg/kg) and moderate dose (100 mg/kg) of feed with added CO were not signi�cant (p> 0.05).

Discussion
Digestive protease, amylase and lipase can effectively hydrolyse protein, starch and lipids into molecules
small enough to be effectively absorbed by the intestinal mucosa. In the present study, the ADG of the
broiler chickens fed with COs was higher than that in broiler chickens fed with control diet, whilst FCR
presented the opposite trend. This result could be attributed to the increased activities of protease,
amylase and lipase. Similarly, dietary CO supplementation effectively improved the growth performance
of koi, Japanese quail, turbot, sea cucumber, tiger puffer, weaned pigsandloach [7–13].

Intestinal digestive enzymes, including protease, amylase and lipase, play important roles in utilising
protein, starch and lipids; therefore, evaluation of these enzymatic activities is pivotal in the poultry
rearing industry [14–16]. Broiler chickens fed with a diet supplemented with CO showed higher intestinal
digestive protease, amylase and lipase activities than the broiler chickens in the control group. Hence,
COs induced the expression of such enzymes. Similarly, dietary CO supplementation effectively improved
the digestive enzymatic activities of tiger puffer and loach [9, 13].

Dietary CO supplementation improved SOD and GPx activities in broiler chickens compared with those of
broiler chickens in the control group. The MDA levels in the serum of broiler chickens whose diet was
supplemented with CO were lower than those of broiler chickens in the control group; this result could be
due to the antioxidant activities of COs [3]. Similarly, dietary CO supplementation increased SOD and GPx
activities in koi, turbot, sea cucumber, weaned pigs and loach [7, 8, 11–13].

In�ammation can be decreased via the up-regulation of anti-in�ammatory cytokines [18]. In the present
study, dietary CO supplementation improved serum TNF-α, IL-1 and IL-2 levels in broiler chickens
compared with those in the control group; thus, dietary CO supplementation can reduce in�ammation
amongst broiler chickens; this phenomenon could be attributed to the antibacterial and
immunomodulatory activities of COs [5, 14].
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The broiler chickens fed with a diet supplemented with CO showed higher serum IgG, IgM and IgA levels
compared with broiler chickens in the control group; this phenomenon could be due to the
immunomodulatory activity of FAs ( [5]. Similarly, dietary CO supplementation increased the immunity of
koi, turbot, sea cucumber, weaned pigs and loach [7, 8, 11–13].

Conclusions
Dietary CO supplementation improved ADG; the activities of digestive amylase, lipase and protease; the
activities of serum SOD and CAT; serum TNF-α, IL- 1, IL-2, IgG, IgM and IgA levels; and reduced FCR and
MDA level compared with the diet without CO. Based on the effects of various CO doses on the growth
performance, the optimum dose was 100 mg/kg. Thus, COs could be used as an immunostimulant for
juvenile broilers.
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