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Abstract
This experiment aimed to investigate the effects of dietary supplementation
with Astragalus polysaccharide, Clostridium butyricum, and their combination
on immune performance, antioxidant capacity, and intestinal morphology in
egg-type ducklings. A total of 600 healthy 1-day-old Shaoxing male ducklings
were randomly divided into 5 groups with 6 replicates per group and 20 ducks
per replicate. Group I (control) was fed a basal diet, while groups II–V were fed
the basal diet supplemented with 40 mg/kg bacitracin zinc (antibiotic group),
800 mg/kg Astragalus polysaccharide, 250 mg/kg Clostridium butyricum, and a
combination of 800 mg/kg Astragalus polysaccharide + 250 mg/kg Clostridium
butyricum, respectively. The experimental period lasted 28 days. The results
showed: 1) Serum immunoglobulin A (IgA) content in group V was significantly
higher than that in groups I, II, and IV (P<0.05), while serum immunoglobulin
G (IgG) and complement 3 (C3) and complement 4 (C4) contents in group V
were higher than those in the other groups (P>0.05). 2) The thymus index and
spleen index in group V were significantly higher than those in groups I and II
(P<0.05), while the bursa of Fabricius index in group V showed no significant
difference from the other groups (P>0.05). 3) The total antioxidant capacity
(T-AOC) in serum and liver of groups III, IV, and V was significantly higher
than that in group I (P<0.05), and the activities of total superoxide dismutase
(T-SOD) and glutathione peroxidase (GSH-Px) in serum and liver were signifi-
cantly higher than those in groups I and II (P<0.05), while the malondialdehyde
(MDA) content in serum and liver of group IV was significantly lower than that
in group I (P<0.05). 4) The crypt depth in the duodenum, jejunum, and ileum
of group V was significantly lower than that in groups I and II (P<0.05), and
the villus height/crypt depth ratio in the jejunum and ileum of group V was
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significantly higher than that in groups I and II (P<0.05). In conclusion, di-
etary supplementation with the combination of Astragalus polysaccharide and
Clostridium butyricum was more effective than individual supplementation of ei-
ther Astragalus polysaccharide or Clostridium butyricum in improving immune
performance, antioxidant capacity, and intestinal villus morphology in egg-type
ducklings.
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Abstract

This experiment investigated the effects of dietary supplementation with Astra-
galus polysaccharides (APS), Clostridium butyricum, and their combination on
immune function, antioxidant capacity, and intestinal morphology in egg duck-
lings. A total of 600 one-day-old healthy Shaoxing male ducklings were randomly
allocated to five groups with six replicates per group and 20 ducklings per repli-
cate. Group I (control) received a basal diet, while groups II–V received the
basal diet supplemented with 40 mg/kg bacitracin zinc (antibiotic group), 800
mg/kg APS, 250 mg/kg C. butyricum, and 800 mg/kg APS + 250 mg/kg C.
butyricum, respectively. The 28-day trial revealed: (1) Serum immunoglobulin
A (IgA) content in group V was significantly higher than in groups I, II, and IV
(P<0.05), while IgG, complement 3 (C3), and complement 4 (C4) levels were
elevated compared to other groups (P>0.05). (2) Thymus and spleen indices in
group V were significantly higher than in groups I and II (P<0.05), though the
bursa of Fabricius index showed no significant differences (P>0.05). (3) Serum
and hepatic total antioxidant capacity (T-AOC) in groups III, IV, and V was
significantly higher than in group I (P<0.05), with total superoxide dismutase
(T-SOD) and glutathione peroxidase (GSH-Px) activities also significantly ele-
vated compared to groups I and II (P<0.05). Malondialdehyde (MDA) content
in group IV was significantly lower than in group I (P<0.05). (4) Crypt depth
in the duodenum, jejunum, and ileum of group V was significantly reduced com-
pared to groups I and II (P<0.05), while villus height-to-crypt depth ratios in
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the jejunum and ileum were significantly increased (P<0.05). These findings
demonstrate that combined APS and C. butyricum supplementation more ef-
fectively enhances immune function, antioxidant capacity, and intestinal villus
morphology than either additive alone.
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tioxidant capacity; intestinal morphology
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Introduction
Antibiotics and chemotherapeutic agents have been widely used as feed additives
in livestock production to prevent disease and promote growth. However, exten-
sive antibiotic use enhances bacterial resistance, increases antibiotic residues in
animal products, disrupts intestinal microbial balance, and contributes to the
proliferation of resistant bacteria and emergence of superbugs, thereby posing
direct and indirect threats to human health. Astragalus polysaccharides (APS),
a primary component of the traditional Chinese herb Astragalus membranaceus,
have been shown to regulate immune function, improve growth performance, and
enhance immunity in animals. Microecological preparations represent a novel
class of green, pollution-free additives that maintain intestinal flora balance and
strengthen immunity. Previous research has demonstrated that appropriate con-
centrations of Astragalus extract promote probiotic growth, and that synergistic
effects exist between probiotics and APS. This study examined the individual
and combined effects of APS and Clostridium butyricum on immune function,
antioxidant capacity, and intestinal morphology in egg ducklings to provide a
reference for their application in duck production.

1.1 Experimental Materials

Astragalus polysaccharides (60% purity) and bacitracin zinc (10% purity) were
provided by Xi’an Zebang Biotechnology Co., Ltd. Clostridium butyricum
(�2×10� CFU/g) was supplied by Hubei Lvxue Biotechnology Co., Ltd.

1.2 Experimental Design and Basal Diet

Six hundred one-day-old healthy Shaoxing male ducklings of similar body weight
were randomly divided into five groups with five replicates per group and 20
ducklings per replicate. The basal diet was formulated according to NRC (1998)
standards and Taiwan Livestock Society (1993) requirements for laying ducks.
Diet composition and nutrient levels are presented in Table 1 . Group I served
as the control (basal diet only), group II (antibiotic group) received the basal
diet + 40 mg/kg bacitracin zinc, group III received the basal diet + 800 mg/kg
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APS, group IV received the basal diet + 250 mg/kg C. butyricum, and group V
received the basal diet + 800 mg/kg APS + 250 mg/kg C. butyricum.

1.3 Management Practices

The trial was conducted at the Guowei Poultry Industry Co., Ltd. breeding
base in Shaoxing, Zhejiang Province, for 28 days. Ducklings were raised on
net floors with ad libitum access to feed and water. Warm water was provided
during the first week, followed by room-temperature water thereafter. Lighting
combined natural and artificial illumination: 24 h during week 1, gradually de-
creasing to 16 h by week 3, and natural light from week 4 onward. Temperature
was controlled automatically. Water and feed troughs were cleaned daily, and
strict sanitation protocols were maintained. Ducklings were monitored daily for
health status, feed intake, water consumption, and fecal abnormalities. Routine
immunization and management procedures were followed.

1.4 Sample Collection and Processing

On day 28, two ducklings approaching average body weight were selected from
each replicate, weighed, and blood samples were collected via jugular venipunc-
ture. Serum was separated by centrifugation at 3,500 rpm for 15 minutes and
stored at -20°C. Following blood collection, ducklings were euthanized. Livers
(excluding gallbladders) were harvested and stored at -20°C. Immune organs
(spleen, thymus, and bursa of Fabricius) were dissected, trimmed of connec-
tive tissue and fat, and weighed. Approximately 2 cm segments from the mid-
duodenum, jejunum, and ileum were rinsed in physiological saline and fixed in
neutral buffered formalin (pH 7.4) for hematoxylin-eosin (HE) staining. All
tools were autoclaved, and work surfaces were disinfected with 75% ethanol to
prevent microbial contamination.

1.5 Analytical Methods

1.5.1 Serum Immune Indices Serum immunoglobulin A (IgA), immunoglob-
ulin G (IgG), immunoglobulin M (IgM), complement 3 (C3), and complement
4 (C4) concentrations were determined using colorimetric methods with an A6
semi-automatic biochemical analyzer. Assay kits were provided by Beijing Huay-
ing Biotechnology Co., Ltd.

1.5.2 Immune Organ Indices Immune organ index (g/kg) = fresh organ
weight / pre-slaughter fasting body weight.

1.5.3 Serum and Hepatic Antioxidant Indices Total antioxidant capacity
(T-AOC), malondialdehyde (MDA) content, glutathione peroxidase (GSH-Px)
activity, and total superoxide dismutase (T-SOD) activity in serum and liver
were measured using commercial assay kits with an A6 semi-automatic bio-
chemical analyzer according to manufacturer instructions. Kits were supplied
by Beijing Huaying Biotechnology Co., Ltd.
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1.5.4 Intestinal Morphology Fixed duodenal, jejunal, and ileal tissues were
dehydrated, cleared, paraffin-embedded, sectioned, and stained with HE. For
each group, 40× magnification fields were photographed from each slide to mea-
sure villus height (VH) and crypt depth (CD), from which VH/CD ratios were
calculated.

1.6 Statistical Analysis

Data were pre-processed using Excel 2007 and analyzed via one-way ANOVA
with SPSS 22.0 software. Duncan’s multiple range test was used for post-hoc
comparisons. Results are expressed as means ± standard error, with P<0.05
considered statistically significant.

Results
2.1 Effects on Serum Immune Indices

As shown in Table 2 , serum IgA concentrations in groups III and V were
significantly higher than in groups I, II, and IV (P<0.05), representing increases
of 9.55%, 7.92%, and 6.86% (group III) and 13.07%, 11.39%, and 10.29% (group
V), respectively, compared to groups I, II, and IV. Serum IgM concentration in
group V was 32.14% higher than in group II (P<0.05). Although not statistically
significant (P>0.05), serum IgG, C3, and C4 concentrations were highest in
group V.

2.2 Effects on Immune Organ Indices

Table 3 shows that the thymus index in group V was significantly higher than in
groups I, II, III, and IV (P<0.05), with increases of 45.32%, 27.59%, 25.59%, and
22.70%, respectively. Group IV also exhibited an 18.43% increase compared to
group I (P<0.05), while groups I, II, and III did not differ significantly (P>0.05).
Spleen indices in groups IV and V were significantly elevated compared to groups
I and II (P<0.05). The bursa of Fabricius index was highest in group V, though
differences among groups were not significant (P>0.05).

2.3 Effects on Serum and Hepatic Antioxidant Indices

Serum antioxidant parameters on day 28 (Table 4 ) revealed that T-AOC in
groups III, IV, and V increased by 50.17%, 47.67%, and 90.03% compared
to group I (P<0.05), with group V showing a 68.48% increase over group II
(P<0.05). Serum MDA concentration in group IV was 43.71% lower than in
group I (P<0.05). GSH-Px activity in group V exceeded that of groups I, II,
III, and IV by 80.53%, 60.08%, 25.97%, and 29.70%, respectively (P<0.05).
T-SOD activity in group V was significantly higher than in all other groups
(P<0.05).
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Hepatic antioxidant indices demonstrated that T-AOC in group V increased
by 90.00%, 68.89%, 26.67%, and 27.73% compared to groups I, II, III, and IV,
respectively (P<0.05 for groups I and II). Hepatic MDA content in group IV
decreased by 43.66% relative to group I (P<0.05). GSH-Px activities in groups
III, IV, and V were significantly elevated compared to groups I and II (P<0.05).
Similarly, T-SOD activities in these groups were significantly higher than in
groups I and II (P<0.05).

2.4 Effects on Intestinal Morphology

Table 5 presents intestinal morphological data. Villus height in the duodenum,
jejunum, and ileum did not differ significantly among groups (P>0.05). Crypt
depth in the duodenum of group V was significantly reduced compared to groups
I, II, and IV (P<0.05). Jejunal crypt depth in groups IV and V was signif-
icantly lower than in group I (P<0.05). Ileal crypt depth in groups III, IV,
and V decreased significantly compared to groups I and II (P<0.05). Although
duodenal VH/CD ratios were similar across groups (P>0.05), jejunal VH/CD
ratio in group V was significantly higher than in groups I and II (P<0.05). Ileal
VH/CD ratios in groups III, IV, and V were also significantly elevated compared
to groups I and II (P<0.05).

Discussion
3.1 Serum Immune Indices

Livestock immune function depends on immune factors (immunoglobulins, cy-
tokines, complement) to recognize and eliminate antigenic threats, maintaining
physiological homeostasis. IgA, IgG, and IgM are three critical immunoglob-
ulins in poultry, with their concentrations serving as important indicators of
immune status. Complement C3 and C4 levels reflect immune competence and
disease progression. Previous studies have shown that APS promotes dendritic
cell maturation and increases IgA, IgG, and IgM concentrations, thereby en-
hancing immunity. Clostridium butyricum has been reported to elevate serum
IgA, IgG, and IgM levels in broilers and weaned piglets. Synergistic interactions
between probiotics and APS have been shown to promote intestinal IgA secre-
tion. Our results demonstrate that the APS-C. butyricum combination (group
V) significantly increased serum IgA concentration and elevated IgM, IgG, C3,
and C4 levels compared to other treatments. This synergy likely enhances APS
absorption in the intestine, collectively improving immune performance.

3.2 Immune Organ Indices

Immune organ development and proliferation of immune cells increase organ
weight and enhance immune function. The immune organ index serves as a cru-
cial indicator of immune competence in young poultry. Numerous studies have
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demonstrated that APS promotes immune organ development and significantly
increases organ indices. Dietary C. butyricum supplementation has been shown
to significantly increase thymus and spleen indices in 21-day-old meat ducks.
Combined probiotic and APS administration improves immune organ indices in
laying hens and indigenous chickens. Our findings indicate that the APS-C. bu-
tyricum combination significantly increased thymus and spleen indices compared
to the control and antibiotic groups, while the bursa of Fabricius index was also
elevated, though not significantly. This suggests that the compound additive
promotes immune organ growth, possibly by modulating the intestinal micro-
bial environment to favor beneficial bacteria, whose metabolites (amino acids,
organic acids, vitamins) subsequently nourish immune organ development.

3.3 Antioxidant Indices

GSH-Px and SOD collaboratively protect cellular health by reducing organic
hydroperoxide damage and eliminating lipid peroxides. Elevated MDA content
indicates intensified peroxidation reactions and greater cellular damage. APS
has been demonstrated to possess immunomodulatory and antioxidant proper-
ties, increasing SOD activity while decreasing MDA content in egg yolk. Dietary
C. butyricum supplementation enhances antioxidant capacity in Cherry Valley
ducks. Our results show that serum and hepatic T-AOC, T-SOD, and GSH-
Px activities were highest in the combination group (V), while MDA content
was lowest in C. butyricum-supplemented groups. This indicates that combined
supplementation more effectively enhances antioxidant capacity than individ-
ual additives, possibly because C. butyricum colonization disrupts substrates
required for oxidative reactions in the intestine.

3.4 Intestinal Morphology

The small intestine is the primary site for nutrient absorption. Increased villus
height and decreased crypt depth enhance digestive and absorptive capacity,
while higher VH/CD ratios indicate superior intestinal function. APS supple-
mentation has been shown to increase duodenal villus height and reduce crypt
depth in broilers. Clostridium butyricum promotes proliferation of beneficial
intestinal bacteria while inhibiting pathogens. Combined APS-probiotic ad-
ministration increases villus length and width. Our results demonstrate that
the APS-C. butyricum combination more effectively reduced crypt depth in
all intestinal segments and increased VH/CD ratios in the jejunum and ileum
compared to individual supplements. This synergistic effect likely increases ben-
eficial bacterial populations, reduces pathogens, and leverages butyric acid—a
primary C. butyricum metabolite that promotes intestinal epithelial cell organi-
zation and regeneration—to improve intestinal morphology.
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Conclusion
Dietary supplementation with the Astragalus polysaccharides and Clostridium
butyricum combination enhances immune function, antioxidant capacity, and in-
testinal morphology in egg ducklings, demonstrating superior efficacy compared
to individual supplementation, antibiotic treatment, or control diets.
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