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ABSTRACT Acanthopanax senticosus (AS) is a
well-known, highly effective traditional Chinese herbal
medicine. Polysaccharides extracted from AS (ASPS)
have multiple pharmacologic and biological activities
with potential use as additives in broiler chicken feed.
This trial evaluated the effects of dietary ASPS on
growth performance, immune function, antioxidation,
and ileal microbial populations in broiler chickens. A
total of 240 1-day-old Arbor Acres male broiler chicks
were randomly divided into 4 groups, with 10 replicates
of 6 chicks and fed a corn- and soybean-based diet
supplemented with 0, 1, 2, or 4 g/kg ASPS. Compared
with the control group, supplementation with 1 g/kg
ASPS increased ADG and ADFI in the finisher and
overall periods and decreased the feed conversion ratio
in the finisher period (both P , 0.05). Serum IgA and
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IgM were significantly increased by supplementation
with 1 and 2 g/kg of ASPS (P , 0.05). Superoxide
dismutase and glutathione peroxidase activities were
increased and malondialdehyde concentration was
decreased in birds fed ASPS-supplemented diets
compared with those in the control group (P , 0.05).
Polysaccharides extracted from AS supplementation
increased Lactobacillus and decreased Escherichia coli
and Salmonella counts in the ileal contents compared
with the control diet (both P, 0.05). The results show
that dietary ASPS improved growth performance, im-
mune status, and antioxidant capacity and stimulated
the growth of beneficial gut bacteria in broiler chickens.
In conclusion, ASPS was effective as a natural additive
in broiler chicken feed; 1 g/kg can be considered as the
optimum dosage.
Key words: Acanthopanax senticosus polysaccharide, im
mune function, antioxidation, microflora, broiler chicken
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INTRODUCTION

Modern intensive poultry production has achieved
recent, phenomenal gains in efficiency. Antibiotic
growth promoters are added to poultry feed to improve
productivity, product quality, and prevent disease
(Brenes and Roura, 2010; Lin et al., 2013). However,
their abuse has had serious negative effects, such as
drug residue, bacterial resistance, and other problems
that challenge food safety and human health. The ban
on the use of antibiotic growth promoters in animal diets
in the European Union has prompted evaluation of
potential alternatives (Landers et al., 2012). Effective,
environmentally and consumer-friendly feed additives
are needed to support animal production. Recent studies
have described the benefits of plant-derived bioactive
compounds including polysaccharides, to improve
growth performance, immunity, and intestinal health
in poultry production (Wu, 2018; Long et al., 2020).
Plant extracts of natural polysaccharides have shown
great potential as an alternative to antibiotic additives.

Acanthopanax senticosus (AS), also known as Sibe-
rian ginseng, is widely distributed throughout northern
Asia. It is a well-known traditional Chinese herb that
used to treat and prevent inflammation, diabetes melli-
tus, hypertension, rheumatoid diseases, chronic bron-
chitis, and ischemic heart diseases, among others (Yi
et al., 2001; Li and Zhou, 2007). Polysaccharides
extracted from AS (ASPS) have immunomodulatory
(Chen et al., 2011), antioxidant (Zhao et al., 2013),
anti-inflammatory (Han et al., 2016), and antitumor
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Table 1. Composition and nutrient content of experimental diets.

Items

Age (d)

Starter Grower

(0–21 d) (21–42 d)

Ingredient (%)
Corn 57.20 62.70
Soybean meal (43% CP) 34.70 29.30
Soy oil 2.70 2.80
Fish meal (60.2% CP) 1.50 1.50
Dicalcium phosphate 1.65 1.41
Limestone 1.30 1.30
Salt 0.25 0.21
DL-Methionine 0.20 0.20
HCl- Lysine - 0.08
Vitamin–mineral premix1 0.50 0.50

Nutrient content
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activities (Meng et al., 2018). As a dietary additive in
piglets, ASPS was reported to enhance cellular and hu-
moral immune responses by modulating the production
of immunocytes, cytokines, and antibodies (Kong
et al., 2007). They were also found to enhance digestion
and absorption (Kong et al., 2009), regulate the compo-
sition of the gut microbiota, and maintain the normal
morphology of the gut mucosa of weaned piglets (Yin
et al., 2008). To the best of our knowledge, the use of
ASPS in poultry production has not been investigated.
This study investigated the effects of dietary supplemen-
tation with ASPS on growth performance, immune func-
tion, antioxidative activity, and ileal microbial
populations in broiler chickens.
ME (MJ/kg) 12.92 13.43
CP(g/kg) 21.50 19.60
Ca (g/kg) 0.95 0.88
Total P (%) 0.69 0.64
Available P (g/kg) 0.46 0.35
Lys (%) 1.21 1.09
Met (%) 0.50 0.44

1Supplied per kilogram of diet: vitamin A (trans-retinyl acetate), 10,050
IU; vitamin D3, 2,800 IU; vitamin E (DL-a-tocopheryl acetate), 50 mg;
vitamin K3, 3.5 mg; thiamine, 2.5 mg; riboflavin, 7.5 mg; pantothenic acid,
15.3 mg; pyridoxine, 4.3 mg; vitamin B12 (cyanocobalamin), 0.02 mg;
niacin, 35 mg; choline chloride, 1,000mg; biotin, 0.20mg; folic acid, 1.2 mg;
Mn, 100 mg; Fe, 85 mg; Zn, 60 mg; Cu, 9.6 mg; I, 0.30 mg; Co, 0.20 mg; and
Se, 0.20 mg.
MATERIAL AND METHODS

Animals, Experimental Design, and
Management

All procedures were approved by the Animal Care and
Use Committee of Hunan Agricultural University,
China. A total of 240 1-day-old male Arbor Acres broiler
chicks with similar BW were obtained from a local
hatchery. They were randomly assigned to 4 groups
with 10 replicates per group and 6 broilers per replicate.
All birds were offered the same basal diet with the addi-
tion of ASPS at 0 (control), 1, 2, and 4 g/kg. Powdered
ASPS was purchased from Shaanxi Sihai Biotechnology
Co. Ltd. (Xian, China). As per the manufacturer, it had
been extracted from A. senticosus using an ethanol/salt
aqueous 2-phase system. The polysaccharide content,
measured by the phenol-sulfuric acid method, was
�50% (Zhao et al., 2013). The animals were fed for
42 d, including starter (Day 1–Day 21) and finisher
(Day 21–Day 42) phases. The diets met the 1994 NRC
nutrient requirements (Table 1). The chicks were raised
in wire cages (110 cm! 60 cm! 50 cm) with 6 birds per
cage and housed in an environmentally controlled room
with continuous lighting. All chicks were given ad libi-
tum access to feed and water. The room temperature
was maintained at 32�C to 34�C for the first 3 d and
decreased by 2�C to 3�C per week to a final temperature
of 22�C. Light was provided for 24 h during the first 3 d
and then reduced to 22 h in the subsequent 4 to 7 d. All
birds were weighed individually after arrival from the
hatchery. The study lasted 42 d. Final BW and feed con-
sumption of the birds per cage were determined on day
21 and 42. ADG, ADFI, and feed conversion ratio
(FCR) (feed consumed [g]:weight gain [g]) were
calculated.

Sample Collection

At 42 d of age, 10 birds were randomly selected from
each treatment group. After 12 h of feed withdrawal
(water was offered ad libitum), blood samples were
collected before slaughter from the wing vein using
5-mL vacuum tubes and allowed to clot at 37�C for 2 h
before centrifuging at 3,000 g for 10 min at 4�C. The
serum supernatant was stored at 220�C until assay of
IgG, IgM, IgA, and antioxidant enzyme activities.

Serum Ig

Serum Ig (IgM, IgG and IgA) were assayed with
ELISA kits purchased from Bogoo Biotechnology Co.
Ltd. (Shanghai, China). All measurements were per-
formed at least in triplicate following the manufacturer’s
instructions.

Serum Antioxidant Indices

Serum superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px) activity and malondialdehyde
(MDA) concentration were assayed with commercial re-
agent kits (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) following the manufacturer’s instruc-
tions. All assays were conducted at least in triplicate.

Ileal Microbial Populations

At the end of the trial, ileal microbial populations
were determined as previously described by Yang
et al. (2012), with some modifications. Briefly, 10
broilers per treatment group were euthanized by CO2
inhalation before extracting the ileal contents. The
ileum was ligated at both ends and removed from the
gastrointestinal tract. One gram of ileal contents per
sample was weighed out, suspended in 99 mL of sterile
0.9% saline solution, and homogenized for 5 min in a
stomacher. Each homogenate was diluted 10 times
(10% wt/vol) with sterile ice-cold normal saline.
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Diluted samples (0.1 mL) were inoculated into selec-
tive agar for bacterial enumeration. Escherichia coli
was incubated on MacConkey agar, and Salmonella
was incubated on Salmonella Shigella agar at 37�C
for 24 h. Lactobacillus and Bifidobacterium were incu-
bated on Luria-Bertani agar and Briggs liver agar,
respectively, in an anaerobic incubator at 37�C for
48 h. Agars were purchased from Beijing Ruizekang
Technology Co., Ltd. (Beijing, China).
Statistical Analysis

The statistical analysis was performed by SPSS 20.0
software (SPSS Inc., Chicago, IL). Data were analyzed
by 1-way ANOVA as a completely randomized design
using the GLM procedure. Cages was used as an experi-
mental unit to analyze the performance data. For the
analysis of other data, each bird per replicate was
treated as an experimental unit. Differences between di-
etary treatment means were compared using Duncan’s
multiple-range tests. A significance level of P , 0.05
was used.
RESULTS

Growth Performance

The effects of dietary ASPS on broiler performance
are shown in Table 2. In the starter period, differences
in ADG, ADFI, and FCR among the study groups
were not significant (P . 0.05). Supplementation
with 1 g/kg ASPS resulted in significant increases in
ADG and ADFI in the finisher period and the entire
42 d and a significant decrease in FCR in the finisher
period compared with the control birds (P , 0.05).
The overall difference in FCR from day 0 to day 42
was not significant.
Table 2. Effects of polysaccharide-enriched extract
performance of broilers.1

Items

AS

0.0 1.0

Initial BW (g) 44.5 44.
Final BW (g) 2219.7 2427.
Starter period, day 1 to 21 of age
ADG (g) 30.3 32.
ADFI (g) 47.5 49.
FCR (feed/gain, g/g)2 1.57 1.

Finisher period, day 22 to 42 of age
ADG (g) 75.4b 83.
ADFI (g) 126.6b 134.
FCR (feed/gain, g/g) 1.68a 1.

Overall, day 1 to 42 of age
ADG (g) 51.79b 56.
ADFI (g) 92.20b 98.
FCR (feed/gain, g/g) 1.78 1.

a,bMeans within a row lacking a common superscript d
1Data represent the means of 10 replicate cages (n 5 1
2FCR, feed conversion ratio.
31.0, 2.0, 4.0 represented the data from broilers fed w

respectively.
Serum Ig

As shown in Table 3, dietary supplementation had no
effect on serum IgG, but on day 42, broilers fed diets sup-
plemented with 1or 2 g/kg ASPS had higher serum IgA
and IgM levels (P , 0.05) than those fed the control
diets.

Antioxidant Capacity

Table 4 shows the effect of ASPS supplementation on
serum SOD and GSH-Px activity and MDA concentra-
tion in 42-day-old broiler chickens. The birds fed with
ASPS-supplemented diets had higher SOD and GSH-
Px activities and lower MDA concentration than those
fed the control diet (P , 0.05).

Ileal Microflora Populations

As shown in Figure 1, dietary supplementation had no
effect on the Bifidobacterium population (P. 0.05), but
ASPS supplementation increased Lactobacillus and
decreased the E. coli and Salmonella populations in the
ileal contents compared with the control diet.
DISCUSSION

The use of botanic polysaccharides, such as those from
Achyranthes bidentate, Camellia oleifera, and Lycium
barbarum, as feed additives for improving growth perfor-
mance, immunity, or antioxidant activity in broilers has
previously been reported (Long et al., 2020; Wang et al.,
2020). The objectives of this study were to determine
whether ASPS added to broiler feed would improve
growth performance and immune and antioxidant status
and to determine the optimal supplementation level.
The study results demonstrated that dietary supplemen-
tation with 1 g/kg ASPS increased ADG and ADFI in
the finisher period and overall reduced the FCR in the
from Acanthopanax senticosus (ASPS) on the

PS level (g/kg)3

SEM P-value2.0 4.0

5 45.3 44.8 0.15 0.165
6 2307.9 2242.8 19.8 0.341

4 31.4 30.7 30.3 0.472
9 48.2 48.3 47.5 0.518
54 1.54 1.57 0.02 0.196

2a 78.5a,b 76.1b 0.12 0.026
4a 132.5a,b 130.1a,b 6.65 0.038
62b 1.69a 1.71a 0.01 0.047

74a 53.87a,b 52.60a,b 1.79 0.029
50a 96.40a,b 94.10a,b 2.20 ,0.001
74 1.79 1.79 0.03 0.132

iffer (P , 0.05).
0).

ith 1 g, 2 g, and 4 g ASPS per kilogram of the diet,



Table 3. Effects of polysaccharide-enriched extract from
Acanthopanax senticosus (ASPS) on serum Ig in broilers.1

ASPS levels (g/kg)2 IgA (mg/ml) IgG (mg/mL) IgM (mg/mL)

Control (0) 53.3b 3.38 1.15b

1.0 72.8a 4.06 2.27a

2.0 70.6a 4.19 1.68a

4.0 61.5a,b 3.66 1.35b

SEM 1.02 0.16 0.11
P-value ,0.01 0.118 0.019

a,bMeans within column with different superscript letters differed
significantly (P , 0.05).

1Data represent the means of 10 birds for 1 bird per replicate (n 5 10).
21.0, 2.0, 4.0 represented the data from broilers fed with 1 g, 2 g, and 4 g

ASPS per kilogram of the diet, respectively.
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finisher period. Kong et al. (2009) reported that dietary
supplementation with an AS extract enhanced the diges-
tion and absorption of amino acids in weaned piglets.
Another recent study showed that dietary ASPS supple-
mentation in weaned piglets alleviated detrimental re-
sponses to a lipopolysaccharide challenge, which may
have been achieved by improving gut health (Han
et al., 2014). Oral pretreatment with ASPS has also
been shown to inhibit activation of nuclear factor kappa
B and changes in intestinal mucosal integrity in response
to inflammation (Han et al., 2016; 2017). However, un-
derstanding how ASPS benefits the gut health and
growth of broilers requires further study.

Plant polysaccharides have been shown to benefit im-
mune function and immune system diseases in animal
models (Qiao et al., 2013; Zhang et al., 2013; Fu et al.,
2017). Serum Ig have key roles in immune functions in
poultry (Liao et al., 2015). In this study, dietary supple-
mentation with ASPS promoted the humoral immune
response by increasing serum IgA and IgM concentra-
tions. Similar results were reported by Kong et al.
(2007), who demonstrated that dietary supplementation
with an AS extract in weaned piglets increased serum
IgG and IgM concentrations compared with piglets fed
nonsupplemented diets. Ig is produced by lymphocytes
in response to foreign substances (Rezaei et al., 2015).
It has been shown that ASPS can stimulate B cell prolif-
eration and Ig production (Han et al., 2003), which
might account for the beneficial effects of ASPS on the
health status of the broiler chickens in this study.
Table 4. Effects of polysaccharide-enr
senticosus (ASPS) on superoxide dismu
dase (GSH-Px) activities and malondi
serum of broilers.1

ASPS levels (g/kg)2 SOD (U/mL)

Control (0) 145.3c

1.0 170.7a

2.0 163.6a,b

4.0 155.5b

SEM 3.67
P-value 0.018

a–cMeans within column with different
(P , 0.05).

1Data represent the means of 10 birds for
21.0, 2.0, 4.0 represented the data from bro

kilogram of the diet, respectively.
Reactive oxygen species play an important role in
maintaining health (Est�evez, 2015). The lipid content
of broiler chickens is relatively high and may induce
the production of reactive oxygen species that have
detrimental effects on the body (Bai et al., 2017). The
removal of lipid peroxides involves antioxidant enzymes
including SOD, GSH-Px, and catalase (Pisoschi and
Pop, 2015). Superoxide dismutase and GSH-Px are the
first line of enzymatic antioxidant defense and convert
free radicals into water and oxygen to maintain the
intracellular redox balance (Chueh et al., 2019). Malon-
dialdehyde is an end product of lipid peroxidation. It can
be assayed to determine the extent of lipid peroxidation,
and indirectly indicate the extent of cell damage
(Pirinccioglu et al., 2010). Many studies have shown
that Chinese herbal polysaccharides can increase the ac-
tivity of antioxidant enzymes, scavenge free radicals,
and inhibit lipid oxidation (Jing et al., 2009; Shi et al.,
2017). Oral ASPS administration has been shown to in-
crease total antioxidant competence, catalase, SOD, and
GSH-Px and to decrease the MDA concentration in the
serum, liver, and kidney of rats (Wang et al., 2010; Fu
et al., 2012). In vitro, ASPS has been shown to scavenge
superoxide and hydroxyl radicals (Fu et al., 2012). In
this study, dietary ASPS supplementation improve the
antioxidant capacity in broilers by increasing both
SOD and GSH-Px activity and decreasing serum MDA
concentration. The results indicated that dietary ASPS
supplementation protected broiler chicks against dam-
age from reactive oxygen species and free radicals.
Intestinal microbiota contribute to the health status

of host animals and are the first barrier against patho-
gens from food. The health effects can be both beneficial
(e.g., Lactobacillus and Bifidobacterium) and harmful
(e.g., E. coli and Salmonella) (Li et al., 2009). Plant
polysaccharides can increase the number of intestinal
probiotics (e.g., Lactobacillus) and inhibit populations
of pathogenic bacteria (e.g., E. coli) in broiler chickens
and pigs (Li et al., 2009; Li et al., 2011). Selective
fermentation of nutrients by probiotics may increase
the number of lactic acid bacteria (Zhu et al., 2015).
Fang et al. (2009) reported that dietary supplementa-
tion with an AS extract significantly increased Lactoba-
cillus and Bacillus subtilis and decreased the ileal and
iched extract from Acanthopanax
tase (SOD) and glutathione peroxi-
aldehyde (MDA) concentration in

GSH-Px (U/mL) MDA (nmol/mL)

613.9b 7.26a

755.3a 6.17b

783.2a 5.08c

721.8a 5.13c

15.9 0.56
,0.01 0.027

superscript letters differed significantly

1 bird per replicate (n 5 10).
ilers fed with 1 g, 2 g, and 4 g ASPS per
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Figure 1. Effects of polysaccharide-enriched extract fromAcanthopanax senticosus (ASPS) on ileal microbial populations in broilers. 0.1, 0.2, 0.4%
represented the data from broilers fedwith 1 g, 2 g, and 4 gASPS per kilogram of the diet, respectively. Bacterial number is expressed as log10 cfu/g wet
digesta. Each bar represents the mean for 10 birds per treatment 6 SE. a–cWithin the same day, bars with different letters differ significantly
(P , 0.05).
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cecal populations of E. coli and Salmonella in piglets
(Fang et al., 2009). In this study, dietary ASPS supple-
mentation reduced the E. coli and Salmonella popula-
tions and increased that of Lactobacillus in the ileal
contents of broilers. The result is consistent with a report
by Yin et al. (2008) that dietary ASPS increased the
Lactobacillus and decreased the E. coli populations in
the ileal and cecal contents of weaned piglets. Dietary
ASPS was also found to regulate the immune responses
of weaned piglets by modulating the production of
immunocytes, cytokines, and antibodies that inhibited
a wide range of pathogenic bacteria in an in vitro model
(Kong et al., 2007). The antibacterial activity associated
with ASPS supplementation needs additional study.
In conclusion, this study found that dietary ASPS

supplementation improved BW gain and feed efficiency
in poultry. It also resulted in improved immune status,
antioxidant capacity, and balance of the intestinal
microflora, which may have beneficial effects on the
health and performance of broiler chickens. The findings
support a recommendation of supplementation with 1 g/
kg ASPS in a poultry diet.
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