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Abstract
The purpose of this experiment was to determine the commercial sources of chitosan (CS) in
weaned pigs to enhance performance, antioxidant function and immune response. On 28 ± 2
days, 60 crossbred piglets (Duroc ×Landrace ×Yorkshire) with an average live weight of 8.85
± 1.52 kg were weaned and randomly divided into 5 treatment groups, which were fed with 0
(basic diet, control) and 250, 500, 1000, and 2000 mg/kg CS. The experiment lasted two weeks.
Daily food intake was recorded and calculated. The consistency of feces throughout the period
was monitored. Two weeks later, blood samples were collected and the antioxidant and immune
parameters were determined. The results showed that CS increased average daily gain and daily
gain: daily feed intake during the experiment. CS improved the average fecal score in the
second week. Compared with the control group, the average score decreased. CS can increase
the total antioxidant capacity in serum, superoxide dismutase, catalase and glutathione
peroxidase activity as well as reduced glutathione content, and reduce serum malondialdehyde
and cortisol contents. In addition, CS increased serum IL-1β, IL-2 and IgG levels. These
findings indicate that the use of CS improves performance and antioxidant function and
regulates the immune response of weaned pigs.
Keywords
Chitosan; Anti-oxidative capability; Immune response; Piglets.

Introduction
Weaning, during which piglets are subjected to
abrupt changes in environment, behaviour and diet, is
one of the most stressful events in a pig’s life (Lee et al.,
2012). It can contribute to gastrointestinal disorders,
immune system dysfunctions, and endocrine system
imbalance, and may cause diarrhoea, increased
susceptibility to disease, morbidity, and mortality, and
inhibited growth and health (Zhang et al., 2015).
Weaning therefore causes serious economic losses in
pig production worldwide (Henao-Diaz et al., 2018).
Additionally, a recent study demonstrated that weaning
could induce oxidative stress, resulting in oxidative
damage in pigs (Liu et al., 2017).
Reducing post-weaning stress is one of the main
challenges for the pig industry (Siel et al., 2016). In
traditional commercial practice, the use of additives has
been recommended as a way to ameliorate or relieve
post- weaning stress during this stage (Liu et al., 2016).
Among them, CS has been indicated as having positive
effects on pig growth and health. CS is obtained by
deacetylation of chitin, which is present in exoskeletons
of arthropods such as crustaceans and insects, and in the
outer cell wall of fungi (Xiong et al., 2014). Compared
with other natural polysaccharides, a plethora of
applications of this biopolymer have been found owing
to its high biocompatible, biodegradable, and nontoxic

nature (Inaba et al., 2013). As a natural cationic
polysaccharide, CS contains reactive functional groups,
that is, hydroxyl and amino groups. Numerous studies
have demonstrated that CS has unique biological
activities,
which
include
anti-microbial,
immunostimulatory, anti-inflammatory, anti-tumour,
anti-hypertension, hypocholesterolemic, anti-obesity,
and anti-oxidation properties (Calinescu et al., 2012).
Notably, because of these properties, CS can be used as
a pro-growth and health feed supplement for farm
animals. However, the causal link between CS and the
improvement in pig health status remains largely
unknown. Hence, further clarification is necessary (Lv
et al., 2011).
Accordingly, the main objective of this work was
to investigate the effects of CS on anti-oxidative
function and immune response in weaned pigs (Han et
al., 2011). These findings may be useful in elucidating
mechanisms that promote growth and health through
enhanced anti-oxidative and immune functions in
animals that receive dietary supplementation with CS.
Materials and Methods
The experiment was carried out in the
Experimental Farms of Inner Mongolia Agricultural
University in China and received prior approval from
the Institutional Animal Care and Use Committee of this
Institution.
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The experiment followed a randomized block
design. A total of 60 healthy weaned pigs (Duroc ×
Yorkshire × Landrace, 30 barrows and 30 gilts) from12
litters (five pigs per litter) were selected from a
commercial herd. The animals were weaned at the age
of 28 days with average initial bodyweight of 8.85 (±
1.52) kg. The animals were randomly assigned to five
treatments (n=12, six barrows and six gilts), and were
housed in 60 pens (one pig per pen) taking initial body
weight and litter (one pig from each litter per treatment)

into account. The dietary treatments consisted of a basal
diet (control treatment) that was formulated to meet the
nutrient requirements of the National Research Council.
The compositions are shown in Table 1. Treatments 25 consisted of the basal diet supplemented with 250, 500
1000 and 2000 mg CS/kg. No medication or other
additives were included in the diets. Throughout the
experimental period, animals were allowed access to
feed and water ad libitum and exposed to natural
lighting.

Table 1: Composition and chemical analysis of basal experimental diets (air dry basis)
Ingredients
Content
Nutrient levels
Soybean meal
26.57
Crude protein (N×6.25)
Wheat bran
5.00
Lysine
Fish meal
3.00
Methionine
Soybean oil
1.00
Methionine + cysteine
Limestone
1.39
Threonine
Dicalcium phosphate
0.89
Tryptophan
Salt
0.30
Calcium
L-Lysine HCL
0.45
Phosphorus
DL-Methionine
0.16
L-Threonine
0.15
Vitamin/mineral premix 1
1.00
Total
100.00
The pigs were weighed at the beginning (day 1)
and end (day 14) of the feeding period to obtain
bodyweight and to calculate average daily bodyweight
change.
The faecal consistency was classified using a score
ranking from 1 to 5 described by Pierce et al. as 1) hard
firm faeces; 2) slightly soft faeces; 3) soft, partially
formed faeces; 4) loose, semi-liquid faeces (diarrhoea);
and 5) watery mucous-like faeces (serious diarrhoea).
Faeces scores were given daily for individual pigs from
day 1 until day 14. These scores were collected by a
trained individual with no prior knowledge of the
dietary treatment.
At the end of the experiment, after an overnight
fast, six animals (three barrows and three gilts) were
selected from each treatment at random and blood
samples (10 mL per pig) were collected via anterior
vena cava into non-heparinized vacuum tubes. These
blood samples were centrifuged (1200 × g, 4°C) for 10
min to separate serum. Serum was stored at -20 °C until
further assays.
In the present study, serum cortisol level was
determined with commercial ELISA kits (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China)
according to the manufacturer’s instructions. All
samples were analysed in duplicate.
The effects of CS ingestion on the antioxidant
capacities in the present study were determined by
measuring antioxidant-related indices in the serum,
such as the contents of total anti-oxidative capability (TAOC), enzymatic activity of catalase (CAT), total
superoxide dismutase (T-SOD), copper/zinc superoxide
dismutase (CuZn-SOD), glutathione peroxidase (GPx),
and reduced glutathione (GSH) and malondialdehyde
(MDA), using commercial assay kits according to the
manufacturers’ instructions (Nanjing Jiancheng
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Content
20.37
1.45
0.47
0.87
0.96
0.24
0.90
0.61

Bioengineering Institute, Nanjing, China). All assays
were carried out in duplicate with samples from six pigs
per group. Determination of T-AOC enabled the total
activities of several parameters to be evaluated,
including vitamins (e.g. vitamin C and vitamin E),
amino acids (e.g. cysteine, methionine, tryptophan, and
histidine) and metal protein (e.g. transferrin and
lactoferrin), β-carotene, and GSH, all of which can
convert Fe3+ to Fe2+. Then Fe2+ can be combined with
phenanthroline to form stable coloured chelates. The TAOC was measured with a spectrophotometer at 520 nm
and expressed as activity unit U/mL serum. In this assay,
1 U T-AOC was defined as a 0.01 increase in the
absorbance value at 37°C for 1 min per mL serum. In
the present assay, superoxide anion radicals (O2-) are
generated by the xanthine/xanthine oxidase system,
which reacts with 2-(4-iodophenyl)-3-(4-nitrophenol)5-phenyltetrazolium chloride to form a purple formazan
dye, which is used as the detector. The SOD activity was
measured at 550 nm with a spectrophotometer and 1 U
of T-SOD activity was defined as the amount of serum
capable of inhibiting the reduction of nitro blue
tetrazolium by 50% of maximum inhibition. The CuZnSOD activity was measured by adding sodium cyanide
(NaCN) to the reaction system to inactivate manganese
superoxide dismutase (Mn-SOD) activity, while MnSOD was calculated by subtracting the CuZn-SOD
value from T-SOD. The CAT activity was determined
as the decrease in hydrogen peroxide. The enzymatic
reaction of H2O2 degradated by CAT was terminated by
the addition of ammonium molybdate, and the rest H2O2
combined with ammonium molybdate, generated a
light-yellow complex that could be measured
spectrophotometrically at 405 nm. The CAT activity
was expressed as U/mL serum, and 1U of CAT activity
was defined as the amount of enzyme needed to
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decrease 1 μmol of H2O2 at 37°C for 1 sec per mL serum.
The GPx activity was detected by quantifying the
reduction rate of reduced glutathione. The GSH reacts
with 5, 5-dithiobis nitrobenzoic acid to form yellow
compounds. The GPx was determined with a
spectrophotometer at 412 nm and GPx activity was
expressed as U/mL serum, in which1U of GPx was
expressed as the amount that reduced the level of GSH
by 1 μmol/L in 5 min per 0.1 mL serum at 37°C. GSH
can react with 5 5’-dithiobis-2-nitrobenzoic acid to
produce oxidized glutathione (GSSG) and yellow
chromophore 2-nitro-5-thiobenzoic acid (TNB), which
can be detected at 412 nm. GSH content was expressed
as mg/L serum. Serum MDA content was quantified
using the thiobarbituric acid method, whereby MDA
reacts with thiobarbituric acid in an acidic medium at
95°C for 40 min to form a pink coloured product. MDA
was determined with a spectrophotometer at 532 nm and
MDA was expressed as nmol/mL serum.
The immune response status in serum was
estimated by measuring the concentrations of cytokines
(interleukin (IL)-1, IL-2, IL-4, IL-6, tumour necrosis
factor (TNF)-α and γ-Interferon (IFN) and the
immunoglobulins (IgA, IgG and IgM). These
parameters were measured with the commercial porcine
colorimetric ELISA kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) according to
the manufacturer’s instructions. All samples were
analysed in duplicate.
The experimental data generated in this study were
subjected to statistical analysis with the general linear
model procedure of SAS (SAS Institute Inc., Cary, NC,
USA). The one-way analysis of variance test was used

to analyse all parameters. In addition, data were
analysed for linear and quadratic responses to
increasing dietary CS levels (0, 250, 500, 1000 and 2000
mg CS/kg diet) using the GLM procedure of SAS. The
individual pen represented the experimental unit. All
results were presented in the tables as means ±standard
error of means (SEM). Probability values of p<0.05
were used as the criterion for statistical significance,
and p <0.10 was considered a tendency.
Results
As shown in Table 2, there were linear or quadratic
responses in daily gain (p<0.05, p<0.01) and G: F ratio
(p<0.01, p<0.01) to the increasing amount of CS
inclusion during the overall experimental period (days
0 to 14), with all the CS-supplemented treatments
improving daily gain (p<0.01) and G: F ratio (p<0.01)
compared with the control. However, the amount of CS
in the diet had no effect (p>0.05) on feed intake (ADFI)
during the overall experimental period.
There were no differences in faecal score among
the treatments from days 0 to 7 (p>0.05). There was a
quadratic decrease in faecal inconsistency as the level
of CS was increased from day 8 to day 14 (p<0.05) and
during the overall period (p<0.05) with all the CSsupplemented treatments having an improved faecal
score from day 8 to day 14 (p <0.05), and 500 and 1,000
mg/kg CS treatments improved faecal score during the
overall experimental period compared with the control
(p<0.05).

Table 2: Effect of feeding chitosan on performance and faecal score of weaned piglets
Dietary treatment
Initial weight, kg
Final weight, kg
ADG, g/d
ADFI, g/d
G:F g/g

0(control)
8.82
12.62
271.4b
576.5
0.47b

1–7
8–14
Overall (1–14)

2.74
2.66a
2.70a

Chitosan levels g/kg diet
250
500
1,000
8.84
8.83
8.85
13.61
14.11
13.90
340.6a
365.5a
360.4a
587.6
613.2
596.8
0.58a
0.60a
0.60a
Faecal score (days)2
2.60
2.34
2.54
2.20b
2.09b
2.03b
ab
b
2.40
2.21
2.29b

As shown in Figure 1, serum cortisol concentration
was quadratic decreased (p<0.05) as the level of dietary
CS was increased, and all the CS-supplemented
treatments had a decreased cortisol level (p<0.05).
Values are means (six pigs per treatment) with
standard deviations represented by vertical bars.
Control: basal diet; CS-250: basal diet with 250 mg
chitosan/kg; CS-500: basal diet with 500 mg
chitosan/kg; CS-1000: basal diet with1000 mg
chitosan/kg; CS-2000: basal diet with 2000 mg
chitosan/kg.

2,000
8.89
13.64
342.9a
586.7
0.58a
2.49
2.20b
2.34ab

SEM
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T
L
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0.44
0.54
15.3
19.3
0.03
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ns
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**

*

**

ns

ns

ns

**

**

**

0.11
0.12
0.10

ns
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*

ns

*

ns

ns
*
*

Figure 1: Effect of feeding chitosan on serum cortisol
of weaned piglets.
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As shown in Table 3, there was a quadratic
increase response in activity of T-AOC (p<0.05), CAT
(p<0.05), and content of GSH (p <0.05) to increased CS
inclusion, with all the CS-supplemented treatments
having increased serum T-AOC (p<0.05) and CAT
(p<0.01) activities, and GSH concentration (p<0.05).
Meanwhile, there were quadratic increase responses in
SOD (T-SOD: p<0.01, CuZn-SOD: p<0.10, Mn- SOD:
p<0.10) to the increased CS, with all the CSsupplemented treatments except for 250 mg/kg

increasing serum T-SOD activity (p<0.05) compared
with the control. In addition, serum GPx activity was
linearly (p<0.05) or quadratically (p<0.01) increased
with increased CS, and all the CS-supplemented
treatments except for 250 mg/kg increased GPx activity
(p<0.05) compared with the control. However, the
concentration of serum MDA level was quadratically
decreased (p<0.05) with the increased amount of CS
inclusion, and 500 and 2,000 mg/kg CS treatments had
lower concentrations of MDA than the control.

Table 3:

Effect of feeding chitosan on serum antioxidant enzymes reduced glutathione and malondialdehyde of
weaned piglets
Chitosan levels g/kg diet
Significance3
Dietary treatment
SEM
0 (control)
250
500
1,000
2,000
T
L
Q
b
a
a
a
a
*
a
*
T-AOC, U/mL
3.07
3.68
3.81
3.65
3.68
0.18
b
ab
a
a
a
*
a
**
T-SOD
101.3
108.7
120.2
117.3
114.3
4.3
a
a
CuZn-SOD
59.4
63.7
68.2
65.6
65.9
2.4
a
a
Mn-SOD
41.8
45.0
52.0
51.7
48.4
3.5
b
a
a
a
a
**
a
CAT, U/mL
2.66
3.79
3.79
3.48
3.50
0.21
*
*
GPx, U/mL
485.3b
522.3ab
548.0a
548.0a
543.2a
16.3
b
a
a
a
a
*
a
*
GSH, mg/L
1.75
2.11
2.34
2.14
2.16
0.13
*
a
*
MDA, nmol/mL
3.64a
3.24ab
3.14b
3.26ab
3.17b
0.14

Discussion
Undoubtedly, the negative effects of weaning
stress on growth and health in piglets are known.
Chitosan is a polysaccharide with non-nutritional
properties, is not digested by mammalian enzymes, and
is delivered to the large intestinal tract. However,
numerous studies have demonstrated that CS might act
as a growth promoter for farm animals. Yin et al.
indicated that dietary CS (0.025%) fed to early weaned
piglets increased their performance. In agreement with
those findings, the present results showed that
supplementation with CS significantly increased weight
gain and gain/feed of weaned piglets. The authors’
previous work verified an improvement in the small
intestinal morphology and digestive enzyme activities
such as amylase in CS-fed piglets, which could
contribute to higher nutrient digestibility. On the other
hand, a higher growth performance inversely supported
improved nutrient digestibility. In this study, the faecal
score decreased in pigs that were fed various amounts
of CS compared with the control, which may also
support the improvement in performance achieved
during the experiment.
Cortisol is the main active hormone of the
hypothalamic-pituitary-adrenal (HPA) axis in pigs. This
is a cholesterol-derived steroid that is synthesized in the
fascicular zone of the adrenal cortex under the control
of the pituitary adrenocorticotropic hormone. Cortisol
has proteolytic and lipolytic activity in the peripheral
tissues and gluconeogenesis and protein synthesis
activity in the liver. The HPA axis in pigs is exquisitely
sensitive to endogenous and exogenous stimuli, both
acute and chronic. It is therefore a valuable index for
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monitoring stress conditions of farm animals. An
elevation of cortisol illustrates the activation of HPA
axis. The current experiment showed that the content of
cortisol decreased significantly in piglets fed CS, which
suggested that CS could alleviate stress in piglets.
Molecular oxygen is essential for the survival of all
aerobic organisms. O2 serves as the final electron
acceptor in the process of aerobic energy metabolism,
and reduces to H2O by mitochondrial enzymes in the
cell. However, partially reduced and highly reactive
metabolites of O2 may be formed when organisms suffer
from endogenous and exogenous stimulation, to
produce superoxide anion (O2-) and hydrogen peroxide
(H2O2). These derivatives of oxygen (reactive oxygen
species, e.g. O2- and H2O2) are highly reactive and toxic,
and can lead to increased oxidative stress in a variety of
tissues. Oxidative stress can damage biomolecules,
including cellular lipids, proteins, amino acids, and
deoxyribonucleic acid, thereby inhibiting their normal
function. For piglets, many endogenous and exogenous
factors, such as environmental factors, weaning, biting,
ranking, disease, and infection, can induce oxidative
stress, resulting in poor growth performance.
Malondialdehyde is the most familiar breakdown
product of lipid peroxidation, and its level is frequently
used as a main marker to scale the extent of lipid
oxidative damage caused by ROS. The authors observed
that CS supplementation can decrease serum MDA
content in weaned pigs, suggesting that CS could
depress their lipid peroxidation. The scavenging
capacity of free radicals is related to the non-enzymatic
and enzymatic antioxidant defence systems, which were
determined to further identify the manner of inhibition
of oxidative damage by CS. Antioxidant enzymes are
essential key factors against oxidative stress induced by
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stimulus factors in animal defence system.
The enzyme defence system consists of SOD, CAT
and GPx. SOD provides the efficient dismutation of
superoxide radicals (O2-) into less toxic H2O2, while
CAT and GPx reduce H2O2 to O2 and H2O. Indeed, CS
has shown beneficial effects on relieving oxidative
stress induced by certain drugs or under various
physiological and pathophysiological conditions.
Ramasamy et al. reported that dietary supplementation
with 200 mg CS/kg body weight per day for seven
weeks, along with CCl4, markedly increased hepatic and
circulatory SOD, CAT, GPx levels in rats. Additionally,
Jeon et al. concluded that CS significantly increased
hepatic CAT and SOD activities in chronic hepatic
injuries in rats that had been induced by carbon
tetrachloride. In addition, previous studies undertaken
in the authors’ laboratory showed that supplementation
of CS in diets resulted in improvement in serum GPx,
SOD and CAT activities in piglets and serum SOD
activity in beef cattle. In agreement with those findings,
the current results showed that dietary supplementation
with CS increased serum SOD, GPx, and CAT activities,
which are representative enzymatic antioxidants in the
body.
The GSH is an important major non-enzymatic
antioxidant in cells. Reduction of GSH could converse
to oxidized GSH (GSSG) spontaneously or by
enzymatic catalysis to trap radical species. In the current
study, dietary CS increased GSH content in the serum
of pigs, which was comparable with the study of
Ramasamy et al., which reported that dietary
supplementation with CS resulted in higher GSH
content in the livers of rats with hepatic injury induced
by tetrachloride. Further, Anandan et al. reported that
CS could have increased effects on the GSH level in the
heart tissue of aged rats. This illustrates that CS as
antioxidant could improve resistance to oxidation as
measured by increased GSH content in serum.
The T-AOC, which includes a number of
antioxidant enzymes and related biomolecules that can
remove free radicals from a specific organ or living
organism, reflects the total antioxidant ability. Limited
published reports to date have shown that CS increased
significantly the total antioxidant capacity of livestock.
Obvious results in this study were observed in T-AOC
level, while animals supplemented with CS also showed
a dose-dependent effect. Thus, these results show that
CS strengthened the oxidative defence mechanisms.
These combined findings suggest that CS might
help to protect weaned pigs against oxidative stress, as
they appear to reduce lipid peroxidation and improve
their antioxidant defence systems functions in vivo.
With regard to the serum production of cytokines
and immunoglobulins, which were used as further
understanding of immune system status, the current
study measured the concentrations of cytokines and
immunoglobulins in serum. ILs are a group of cytokines
that play an important role in the immune system.
Among these, IL-1β mediates the immune response by
i) promoting the proliferation and differentiation of
thymocytes and mature T-cells; ii) enhancing B-cell
differentiation; iii) inhibiting the growth of tumour cells

and killing them; and (iv) inducing T-cells to generate
IL-2. In addition, IL-2 is a key cytokine with broad
spectrum crucial immunomodulatory activities. In the
present study, CS was shown to increase the production
of serum IL-1β and IL-2 in piglets. Similar to the current
findings, Yin et al. demonstrated that CS
supplementation could promote the generation of IL-1β
of early-weaned piglet, since the increases in ILs
indicate the activation of an immune reaction that might
lead
an
improvement
in
immune
status.
Immunoglobulins are proteins with antibody activity
that exist mainly in the plasma and are used to promote
phagocytosis of monocytes and macrophages, and
identify and neutralize bacteria and viruses. Serum IgG
is the most persistent and important antibody in the
primary immune response, and is used to promote
phagocytosis of monocytes and macrophages,
neutralize the toxicity of bacterial toxins, and combine
with viral antigens to prevent the virus infecting host
cells. Here, the authors reported that serum IgG level
was increased markedly in CS supplemented pigs,
indicating that CS efficiently modulated a humoral
immune response, which may provide an advantage in
increasing weaned pig immunity to prevent
susceptibility to disease and enhance resistance to
infections. The nitric oxide and arachidonic acid
pathways were regulated by chitosan in a dosedependent relationship may be reasons that chitosan
affected the immune function in weaned piglets. All
these results support the immunostimulatory effects of
CS, which may be the reason for improved performance.
Conclusion
In conclusion, the results observed in this study
showed that the use of a CS-supplemented diet may be
effective in improving anti-oxidant and free radical
scavenging capacity and regulating the immunological
response of post-weaning piglets, and limiting the
negative effects of weaning on growth performance in
piglets.
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