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Astragalus affects fecal microbial 
composition of young hens as determined 
by 16S rRNA sequencing
Hongxing Qiao1,2,3, Liheng Zhang1,2,3, Hongtao Shi1,2,3, Yuzhen Song1,2,3 and Chuanzhou Bian1,2,3* 

Abstract 

The gut microbiota play important roles in the degradation of chemical compounds of herbal medicines (HMs). 
However, little information regarding the interplay between HMs and the gut microbiota is available. Thus, the aim 
of this study was to investigate the composition of the fecal microbiota of young (age, 11 weeks) hens fed a conven-
tional diet containing a crude Astragalus (0.5%) additive for 21 days (group A) vs. controls (group B) that were fed only 
conventional feed. The fecal contents of 14-week-old hens were collected for DNA extraction, and then the V3 and 
V4 hyper-variable regions of the 16S rRNA gene were amplified and analyzed using high-throughput sequencing 
technology. A distinctive difference in microbial diversity was observed between the two groups. The microbial com-
position of hens fed a diet supplemented with Astragalus was greater than that of the control group. At the genus 
level, Lactobacillus was more abundant in group A than group B (p < 0.05). Importantly, this study is the first to report 
the observation of a novel Romboutsia sp. in the feces of hens. However, Romboutsia was less abundant in group A 
than group B (17.94 vs. 33.98%, respectively, p < 0.05). The microbial community differed significantly between the 
two groups at the genus level, suggesting that Astragalus modulates the composition of the fecal microbiota. Based 
on these differences, these findings provide fresh insights into the application of Astragalus in the poultry industry, as 
well as a better understanding of the interplay between HMs and the gut microbiota.
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Introduction
Poultry meat and eggs are common nutritious and 
healthy sources of animal protein for human consump-
tion. However, the accumulation of antibiotic residues 
in chickens and eggs, and the subsequent prevalence of 
drug-resistant pathogens have received attention world-
wide (Wang et  al. 2017b). The use of antibiotics can 
result in gut dysbiosis, diarrhea, and host immune dys-
regulation (Willing et al. 2011), which results in reduced 
growth and production (Gao et al. 2017). Recent studies 
have shown that the composition of the gut microbiota 
affects various physiological functions of the host, such 

as nutrient utilization, gut epithelium nourishment, and 
the development and activity of the gut immune system 
(Ismail et al. 2009 and Hill et al. 2010).

Herbal medicines (HMs), such as botanical medicines 
and phytomedicines, have contributed significantly to 
human and animal health when used to treat disease (Qiu 
2007). Moreover, a recent study focusing on the interplay 
between HMs and the gut microbiota showed that the 
chemical components of HMs were metabolized by the 
gut microbiota to generate metabolites that have differ-
ent bioactivities, which can also mediate the composi-
tion of the gut microbiota, restore host homeostasis, and 
ameliorate gut dysfunction (Chen et  al. 2016). A multi-
tude of studies supports the use of HMs, herbal formulas, 
and phytochemicals, such as Gegen Qinlian Decoction 
formula (Xu et al. 2015), Qushi Huayu Decotion formula 
(Yang et al. 2017), Rhizoma coptidis (Xie et al. 2011), and 
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quercetin (Li et al. 2016), to modulate the gut microbiota. 
Therefore, the gut microbiota plays an important role in 
the therapeutic efficacy of HMs (Xu et al. 2017).

In China, Astragalus is a common HM that contains poly-
saccharides, saponins, flavonoids, anthraquinones, alkaloids, 
amino acids, β-sitosterol, and metallic elements (Ibrahim 
et al. 2013; Li et al. 2009). The major polysaccharides present 
in Astragalus are mannose, d-glucose, d-galactose, xylose, 
and l-arabinose (Kallon et  al. 2013). Our previous studies 
showed that Astragalus fermented by Bacillus subtilis using 
liquid fermentation technology is beneficial to Astragalus 
polysaccharide production (Qiao et al. 2017). The major fla-
vonoids of Astragalus are 3-O-β-d-gluside,2′-hydroxy-3′,4′-
dimethoxyisoflavane7-O-β-d-gluside,7,3′-dihydroxy-4′-
methoxyisoflavone,7,3-dimer-capto-4,1-methoxyisoflavone, 
3-dimercapto-7,4,1-methoxyisoflavone, and kumatakenin 
(Lv et al. 2011; Xiao et al. 2004). Moreover, Astragalus has 
anti-inflammatory (Kim et  al. 2013), immunostimulatory 
(Qin et  al. 2012), antioxidative (Kim and Yang 2005), and 
antiviral activities (Sanpha et al. 2013). Therefore, Astragalus 
is used as an additive to the feed of livestock and poultry.

High-throughput, next-generation sequencing (NGS) 
based on 16S rRNA gene amplicons has the advantage of 
exploring the more complex aspects of the microbiota in 
animals. Moreover, studies have reported the composition 
of the gut microbiota of broiler chickens (Mohd Shaufi 
et al. 2015), Dagu chickens (Xu et al. 2016), Naked Neck 
chickens (Park et  al. 2016), and egg-laying hens (Viden-
ska et al. 2014). The major phyla in fecal samples of laying 
hens include Firmicutes (58.8%), Bacteroidetes (22.1%), 
Proteobacteria (16.9%), Actinobacteria (0.6%), and Fuso-
bacteria (1.4%) (Videnska et  al. 2014). Some functional 
feed additives, such as prebiotics (Rastall and Gibson 
2015), probiotics (Gao et al. 2017), phytase (Borda-Molina 
et  al. 2016), and fermented Ginkgo leaves (Zhang et  al. 
2015), are reported to maintain microbial populations 
and support the health of the host. NGS has facilitated 
in-depth studies on the effect of HM on gut microbiota. 
However, few studies have investigated the microbiota of 
young hens fed a diet containing Astragalus. The results 
of our previous study showed that both fermented and 
unfermented Astragalus can modulate the intestinal 
microbiota of broilers (unpublished observations). In the 
present study, we hypothesized that Astragalus supple-
mentation may alter the composition of the fecal micro-
biota of young laying hens. Using the Illumina MiSeq 
platform, we attempted to determine whether Astragalus 
is associated with changes in the gut microbiota.

Materials and methods
Birds and management
A total of 60 Hy-Line Brown hens (mean age, 11 weeks; 
mean body weight, 1.32  kg) were assigned randomly to 

two groups (A and B) of 30 pullets each. For each group, 
10 pullets were housed in separate pens (area, > 3000 cm2) 
with ad libitum access to feed and water, a constant room 
temperature at 16–25 °C, and a 14:10-h light:dark cycle. 
The hens were checked twice daily by trained staff dur-
ing the entire 3-week experimental period. All proce-
dures were performed in accordance with the guidelines 
of the Ministry of Agriculture of China. Hens in group 
B served as the control group and were fed only conven-
tional feed (Table  1), while those in group A were fed 
conventional feed supplemented with a crude Astragalus 
(0.5%) additive throughout the experimental period. The 
animal experiments were conducted in accordance with 
the Guidelines for the Care and Use of Experimental Ani-
mals established and approved by the Laboratory Animal 
Management Committee of Henan University of Animal 
Husbandry and Economy.

Preparation of Astragalus
Astragalus, the dried root of Astragalus membrana-
ceus (Fisch.) Bge. var. mongholicus was obtained from a 
Chinese medicine market (Minxian, Gansu, China) and 
verified by Dr. Zhang Jing Yu (Henan University of Tra-
ditional Chinese Medicine, Zhengzhou, Henan, China). 
The contents of Astragalus polysaccharides, astraga-
losides, and total flavonoids were 23.420, 0.170, and 
4.755  mg/g, respectively. Then, the Astragalus root was 
ground into powder, sieved through a 100-mesh filter, 
and stored at 25 °C for further use.

Sample collection and DNA extraction
A total of 27 fecal samples (13 from group A and 14 from 
group B) were chosen randomly from the hens at the age 
of 14 weeks. The fecal samples were immediately stored 
at − 20 °C until DNA extraction. DNA was isolated from 
200 mg of feces from each hen using a commercial DNA 
extraction kit (Tiangen Biotech Corporation, Beijing, 
China) and quantified using a Qubit 2.0 fluorometer (Inv-
itrogen Corporation, Carlsbad, CA, USA). The quality 

Table 1  Composition of the basic diet (percentage of dried 
weight)

Ingredient Control group Treatment group

Corn 66.70 66.70

Soybean meal 21.70 21.20

Wheat bran 6.20 6.20

Fish meal 2.00 2.00

Dicalcium phosphate 1.10 1.10

Limestone 1.30 1.30

Premix 1.00 1.00

Astragalus 0 0.50

Total 100 100
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of the extracted DNA was assessed by 0.8% agarose gel 
electrophoresis and spectrophotometry (optical density 
at 260/280 nm). All extracted DNA samples were stored 
at − 20 °C until further analysis.

Library preparation and Illumina MiSeq sequencing
NGS library preparations and Illumina MiSeq sequenc-
ing were conducted by GENEWIZ, Inc. (Suzhou, China). 
For the library preparation, a library sequence of the 
V3 and V4 regions of 16S rRNA was constructed using 
a 10-ng DNA aliquot isolated from each fecal sample. 
The V3 and V4 regions were amplified by polymerase 
chain reaction (PCR) using the following primer pair: 
forward 5′–CCT ACG GRR BGC ASC AGK VRV GAA 
T–3′ and reverse 5′–GGA CTA CNY VGG GTW TCT 
AAT CC–3′. The first-round PCR products were used as 
templates for a second round of amplicon enrichment by 
PCR (94 °C for 3 min, followed by 24 cycles at 94 °C for 
5 s, 57 °C for 90 s, and 72 °C for 10 s, and a final exten-
sion at 72 °C for 5 min). At the same time, indexed adapt-
ers were added to the ends of the 16S rDNA amplicons 
to generate indexed libraries that were ready for down-
stream NGS on the MiSeq platform. DNA libraries were 
validated using an Agilent 2100 Bioanalyzer (Agilent 
Technologies, Palo Alto, CA, USA) and quantified with 
a Qubit 2.0 Fluorometer. DNA libraries were multiplexed 
and loaded on an Illumina MiSeq instrument (Illumina, 
San Diego, CA, USA) according to the manufacturer’s 
instructions. Sequencing was performed using a 2 × 300 
paired-end configuration and image analysis and base 
calling were conducted with the MiSeq Control Software 
embedded in the MiSeq instrument. The library used in 
this study was constructed from a total of 27 DNA sam-
ples. The sequences generated in this study have been 
deposited in the Sequence Read Archive of the National 
Center for Biotechnology Information (https://www.ncbi.
nlm.nih.gov/biosample) under the accession numbers 
SAMN07135769–7135795.

Statistical analysis
The QIIME (Quantitative Insights Into Microbial Ecol-
ogy; ver. 1.9.1) data analysis package was used for 16S 
rRNA data analysis. The forward and reverse reads 
were joined and assigned to samples based on barcodes, 
and truncated by cutting off the barcode and primer 
sequences. Quality filtering of the joined sequences was 
performed and sequences that did not fulfill the follow-
ing criteria were discarded: sequence length < 200  bp, 
no ambiguous bases, and mean quality score ≥ 20. Then, 
the sequences were compared with a reference database 
[the Ribosomal Database Project (RDP) Gold database, 
2.2] using the UCHIME algorithm to detect chimeric 
sequences, which were subsequently removed.

The effective sequences were used in the final analy-
sis. Sequences were grouped into operational taxonomic 
units (OTUs) using the clustering program VSEARCH 
(1.9.6) against the SILVA 119 database that was pre-clus-
tered at a 97% sequence identity. The RDP classifier was 
used to assign a taxonomic category to all the OTUs at a 
confidence threshold of 0.8. Taxonomic categories at the 
species level were predicted with the RDP classifier and 
the SILVA 119 database.

Sequences were rarefied prior to calculating alpha and 
beta diversity statistics. Alpha diversity indices were cal-
culated in QIIME from rarefied samples using the Shan-
non and Simpson indexes for diversity, and the Chao1 
and ACE indexes for richness. Statistical analysis was 
performed with the Student’s t test using IBM SPSS Sta-
tistics 24 (IBM Corp., Armonk, NY, USA) and the results 
are presented as the mean ± standard deviation. Beta 
diversity was calculated using weighted and unweighted 
UniFrac distances, and principal coordinate analysis 
(PCoA) was performed. An arithmetic mean phyloge-
netic tree was constructed from the beta diversity dis-
tance matrix with an unweighted pair group method. The 
Student’s t-test was employed for analysis of the relative 
abundance at the phylum and genus levels. A probabil-
ity (p) value of< 0.05 was considered statistically signifi-
cant. Differences between the two groups were compared 
using STAMP (2.1.3) analysis.

Results
OTU clustering and annotation
A total of 60 Hy-Line Brown hens at the age of 11 weeks 
were assigned randomly to group A or B. Hens in group 
B were fed only conventional feed, while those in group 
A were fed conventional feed supplemented with 0.5% 
crude Astragalus throughout the entire experimen-
tal period. Twenty-seven fecal samples (14 from group 
A and 13 from group B) were collected. A total of 
2,945,166 sequence reads with a median length 450  bp 
were obtained from all fecal samples. The sequences 
were further clustered into 317 OTUs using a 97% simi-
larity cut-off. A clustering analysis of 30 OTUs with the 
highest default abundances showed both similarities and 
differences between the samples (Fig.  1). For example, 
the abundance of OTU1 was similar across 27 samples, 
while there were no differences in OTU2, 3, 4, and 5, 
except for individual samples (B5, B7, B13). There were 
some similarities in the OTUs among samples A7, A12, 
A13, B1, B2, B11, and B12, and dissimilarities among the 
rest. Using an abundance-based coverage estimator, the 
Chao1, Simpson’s index Ds, and Shannon’s index H’ iden-
tified differences in species richness between the groups 
(Table 2). The Simpson index of group A was significantly 
higher (p < 0.05) than that of group B, while there were no 

https://www.ncbi.nlm.nih.gov/biosample
https://www.ncbi.nlm.nih.gov/biosample
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significant differences in the ACE, Chao1 and Shannon 
indexed between two groups. The results indicated that 
species diversity was more abundant in group A than in 
the group B. The rarefaction curves of the microbiota of 
27 samples were sufficiently large to estimate phenotype 
richness and microbial community diversity at a similar-
ity threshold of 97% (Fig. 2). The rarefaction curves indi-
cated that the sampling effort had sufficient sequence 
coverage to accurately describe the bacterial composition 
of each group.

Microbial beta diversity analysis
In a beta diversity analysis, the variations of the microbial 
community composition in 27 samples were shown in 
PCoA plots, with PC1 accounting for 43.12% of the total 
variation and PC2 accounting for 17.11% (Fig. 3). There 
were overlaps among four clusters and the microbial 
communities of samples A7, A12, A13, B1, B2, B11, and 
B12 were similar, as were the communities of samples A1, 
A2, A3, B4, and A10, while the other samples belonged to 
the same cluster.

Fig. 1  Clustering analysis of the 30 most abundant OTUs in groups A and B. Hens in group A was fed conventional feed supplemented with a crude 
Astragalus (0.5%) additive, while those in group B was fed only conventional feed

Table 2  Diversity estimation of the 16S rRNA gene libraries of the 27 samples from the 16S rRNA sequences

Group A = control; Group B = basal diet + 0.5% Astragalus
a,b  Different superscript letters in the same column indicate significant differences

Group ACE Chao 1 Shannon Simpson

A (n = 13) 245.0552 ± 51.5936 248.4307 ± 55.2267 4.0145 ± 1.1526 0.8572 ± 0.0739a

B (n = 14) 241.7484 ± 54.5922 247.0312 ± 55.5076 3.2576 ± 1.4677 0.6973 ± 0.0617b
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Bacterial community composition
At the phylum level, a total of 11 dominant phyla were 
identified in the two groups (Fig.  4a). Most of the 
sequences in group A were identified as Firmicutes 
(76.71%), Bacteroidetes (13.50%), and Proteobacteria 
(8.70%) species, while Firmicutes (71.39%), Bacteroidetes 
(17.60%), and Proteobacteria (10.01%) species were most 
abundant in group B (Fig. 4b).

As shown in Fig. 4c, d, at the genus level, the sequences 
from the 27 samples represented 31 dominate genera 
in total. Romboutsia (17.94%), Lactobacillus (28.61%), 
Bacteroides (10.65%), and Enterococcus (10.51%) were 
the most abundant taxa in group A, while Romboutsia 
(33.98%), Lactobacillus (13.80%), Bacteroides (15.07%), 
and Enterococcus (4.35%) were the most abundant in 
group B. The differences in the abundances of Lactobacil-
lus were significant (p < 0.05).

A community compositional heat map combined with a 
cluster analysis
As shown in Fig. 5, the top 30 genera in terms of abun-
dance were clustered and plotted using R software. The 
genera with higher abundances in the corresponding 
samples are shown in blue and those with lower abun-
dances are shown in white. The populations of Lactoba-
cillus and Romboutsia increased remarkably between 
groups A and B. Moreover, Romboutsia was more 
abundant in group B than group A. The reason for this 
difference may be partially attributed to the different 
pH of the feed fed to groups A and B (pH 4.96 vs. 4.71, 
respectively).

Statistical analysis of taxonomic and functional profiles 
(STAMP)
Differences between the two groups at the genus level 
were compared using STAMP (v2.1.3) software and the 
Welch’s t-test. As shown in Fig. 6, the abundance of Lac-
tobacillus was significantly (p < 0.05) greater in group A 
than group B. However, differences in the abundances of 
other genera were not significant.

Discussion
Although many studies have investigated the gut micro-
biota composition of poultry, very few have assessed the 
interactions between HMs and gut microbes. In recent 
years, the potential application of HMs in aquatic animals 
and rat models has been increasingly explored. A recent 
study showed that Yu-Ping-Feng (Jade screen) powder 
(Chinese parsnip root, Astragalus membranaceus and 
Atractylodes macrocephala Koidz) can regulate the intes-
tinal microbiota of fish (Wu et al. 2018), the combination 
of Gancao-Gansui impacted the gut microbiota diversity 
of the rat (Yu et  al. 2018), and Salvia miltiorrhiza Bge. 
modulated the microbiota imbalance in diabetic mice 
(Gu et  al. 2017). Previous studies have shown that fer-
mented Ginkgo leaves contributed to the microbial ecol-
ogy in the gut of broiler chicks (Zhang et al. 2015), while 
fermented pine needles (Pinus ponderosa) improved anti-
oxidant status and growth performance in broilers (Wu 
et al. 2015) and improved meat quality and lipid metabo-
lism in broilers (Cao et  al. 2012). The principle of HMs 

Fig. 2  Rarefaction curve sequences showing the complexities of 
the microbial communities in the fecal samples of 27 young hens. 
Samples A1–A13 were collected from hens fed conventional feed 
supplemented with a crude Astragalus (0.5%) additive, while samples 
B1–B14 were collected from hens fed conventional feed

Fig. 3  PCoA plot. There were overlaps among four clusters of the 27 
samples from groups A and B. Samples A7, A12, A13, B1, B2, B11, and 
B12 were similar, as were the communities of samples A1, A2, A3, B4, 
and A10, while the other samples belonged to the same cluster
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supplementation of feed lies in maintaining or restoring 
the balance or enhancing the ability of immune defenses 
(Guo et al. 2004). Therefore, the aim of the present study 
was to compare the gut microbiota composition of young 
laying hens fed a diet supplemented with or without 
Astragalus supplement.

In this study, at the phylum level, Firmicutes, Bacteroi-
detes, and Proteobacteria were the most common phyla 
in the poultry fecal samples, which is consistent with ear-
lier findings by Danzeisen et al. (2011) and Yeoman et al. 
(2012). Our results illustrate that Firmicutes were the 
dominant phylum (> 50%) in young laying hens, an obser-
vation that is consistent with previous reports (Mohd 
Shaufi et al. 2015; Danzeisen et al. 2011). Previous studies 

have also suggested that a lower abundance of Bacteroi-
detes spp. was associated with increased body weight 
(Arumugam et  al. 2011; Ley et  al. 2006). The results of 
the present study showed that the abundance of Bacte-
roidetes app. was lower in hens fed a diet supplemented 
with Astragalus, as compared with the control group, as 
Astragalus produces two kinds of polysaccharides that 
are common carbohydrates (Xu et al. 2008).

Numerous studies have also shown that Bacteroidetes 
aid in the host metabolism of polysaccharides, which 
improves nutrient utilization (Bäckhed et  al. 2004) and 
host immunity (Hooper 2004; Stappenbek et  al. 2002), 
as well as maintenance of the intestinal microecological 
balance (Hooper et  al. 2001; Sears 2005). Animals are 

Fig. 4  Phylum-level and genus-level analyses of the 27 samples. a Overall fecal microbiota composition of the samples at the phylum level in 
groups A and B. b Comparison of the relative abundances of the three main bacterial phyla in groups A and B. c Overall fecal microbiota composi-
tion of the samples at the genus level in groups A and B. d Comparison of the relative abundances of the four main bacterial genus in groups A 
and B. The relative abundances of Romboutsia, Lactobacillus, Bacteroides, and Enterococcus are shown on the y-axis. Boxes with one asterisk indicate 
significant differences between the two groups at p < 0.05 using a t test
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unable to digest and utilize complex polysaccharides in 
feedstuff in the absence of microbial fermentation (Vrize 
et al. 2010). In addition, our results differ from those of 
Singh et  al. (2012) who showed that Proteobacteria was 
the most dominant phylum. The abundances of Proteo-
bacteria, which include a wide range of pathogens, such 
as Escherichia, Salmonella, Helicobacter, and Vibrio spp., 
were slightly lower in group A than in group B, indicat-
ing that the abundance of opportunistic pathogens might 
decrease in response to supplementation with Astragalus. 
Therefore, the addition of Astragalus to feed may be ben-
eficial for modulating the gut microbiota of young hens.

At the genus level, Romboutsia, Lactobacillus, Bacte-
roides, and Enterococcus were identified as the dominant 
species of the fecal microbiome. STAMP analysis results 

revealed that Lactobacillus was more abundant in group 
A than group B (28.61% vs. 13.80%, respectively, p < 0.05), 
in agreement with the reports by Stanley et al. (2012) and 
Gong et al. (2007). Moreover, a recent study showed that 
the abundance of Lactobacillus was highly related to the 
feeding efficiency of the host (Yan et  al. 2017). Lactoba-
cillus is an important probiotic that promotes the gut 
health of both humans and animals via the production of 
various short-chain fatty acids. In addition, the results of a 
rodent study showed that non-digestible fermentable car-
bohydrates and fibers can enhance the growth of specific 
beneficial gut bacteria (Bindels et al. 2015). It is reported 
that feeding different metabolite combinations produced 
by Lactobacillus plantarum increased the abundance of 
fecal lactic acid bacteria and reduced the population of 

Fig. 5  Heat map analysis of the 27 samples. Heat map showing the abundances of the top 30 genera were clustered and plotted using R software. 
Blue represents genera with higher abundances in the corresponding sample, and white represents genera with lower abundances

Fig. 6  The STAMP analysis of groups A and B. Lactobacillus was more abundant in group A than group B
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Enterobacteriaceae in the gut of laying hens (Loh et  al. 
2014). Therefore, feed supplementation with Astragalus 
results in an increase in the abundance of Lactobacillus, 
which is thought to be indicative of the health of hens. 
Moreover, in this study, the abundance of Bacteroides was 
lower in group A than group B. Bacteroides, which include 
the genera Bacteroides, Prevotella and Xylanibacter, are 
known to be efficient degraders of dietary fiber (Simpson 
and Campbell 2015). Bacteroides are thought to play fun-
damental roles in the breakdown of complex polysaccha-
rides, suggesting that Bacteroides may be involved in the 
metabolism of Astragalus polysaccharides.

To the best of our knowledge, this is the first study 
of a novel Romboutsia genus (group A 17.94%; group 
B 33.98%) in fecal samples of hens, as members of the 
Romboutsia genus have never before been detected in 
the digestive tract of hens. Romboutsia spp. have been 
identified in the human gut (Ricaboni et  al. 2016), lake 
sediment (Wang et al. 2015), and the rat gastrointestinal 
tract (Gerritsen et  al. 2014). The results of the present 
study demonstrated that Astragalus supplementation 
enriched the abundance of Lactobacillus and reduced the 
abundance of Romboutsia spp. Therefore, we speculate 
there is a competitive exclusion relationship between the 
abundance of Romboutsia spp. and Lactobacillus genera, 
although well-designed experiments focusing on bacte-
rial interactions are required to verify these results.

It is well know that Astragalus polysaccharides mainly 
consist of glucose and xylose. Romboutsia is able to uti-
lize glucose, but not xylose (Wang et al. 2015). However, 
the effect of Romboutsia metabolism on the quantity of 
these monosaccharides remains unclear, thus further 
studies are warranted. In a future study, we plan to isolate 
and characterize the functions of Romboutsia spp.

Although fecal samples, instead of the cecal samples, 
were used to study the microbiome in this study, a previ-
ous study showed similarities in the microbial communi-
ties, but quantitative differences between cecum and fecal 
samples (Stanley et al. 2015). Moreover, as compared to 
cecal contents, fecal samples are easier to collect for anal-
ysis of the productivity, health, and wellbeing of chickens. 
However, sampling from cecum to other intestinal tract 
sections requires sacrificing of the hens. In contrast, fecal 
sampling allows repeated sampling over time and does 
not require sacrifice (Stanley et  al. 2015). The results of 
the present study demonstrated that structural changes 
to the fecal microbiota are induced by Astragalus.

A previous study reported that HMs can alter the com-
position of the intestinal microbial community while 
being metabolized (Xu et al. 2017). Single HMs, HM for-
mulas, and even individual compounds of HMs are capa-
ble of affecting the gut microbiota. Therefore, HMs may 
either promote or inhibit the gut microbiota. Similarly, 

some probiotics, such as Lactobacillus plantarum, have 
been shown to modulate fecal parameters in chickens 
(Gao et  al. 2017), and Lactobacillus johnsonii has been 
shown to improve the gut microbiota in broiler chick-
ens (Wang et al. 2017a). In our study, the addition of sin-
gle Astragalus also modulated fecal microbiota. On the 
one hand, this might be due to the main bioactive con-
stituents of Astragalus, such as polyphenols, which have 
anti-inflammatory and immunomodulatory effects that 
promote the abundances of some gut bacteria. On the 
other hand, it might result from interactions among gut 
microbiota after Astragalus feeding.

In conclusion, Astragalus is rich in fiber and polysac-
charides that can be fermented and converted into short-
chain fatty acids, which are beneficial to health and play a 
vital role in the modulation of fecal microbiota, although 
deciphering the underlying mechanism will require fur-
ther research.
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