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Gut microbiota plays an important role in health and disease. To determine whether the

traditional Chinese formula Zi Huang Huo Xiang San (ZHHXS) modulates gut microbiota

under heat stress, a heat stress model was prepared in Roman layer hens by housing

them at temperatures of 32–36◦C and administering ZHHXS for 4 weeks. The Roman

egg layers were randomly divided into three groups with 10 hens in each: a ZHHXS

treatment group (ZHHXS-HS), a heat-stressed group (HS), and a blank control group

(BC). The ZHHXS-HS and HS groups were housed in a 34 ± 2◦C environment, while the

BC group was housed at 25 ± 1◦C. The ZHHXS-HS hens were fed a diet supplemented

with 1% ZHHXS from 1 to 28 days, while the other groups were not. Gut microbiota

in the hens’ feces was assessed through 16S rRNA high-throughput sequencing on

days 1, 3, 7, 14, and 28. A plot of the PCA scores showed that the gut microbiota

composition in the BC group was a similar trend in the ZHHXS-HS group on days 1 and

3. The principal coordinate analysis (PCoA) unweighted distribution showed that the gut

microbiota composition had no significant differences between the BC and ZHHXS-HS

groups on days 1 and 7. The PCoA weighted distribution showed that the gut microbiota

composition had no significant differences between the BC and ZHHXS-HS groups

on days 1 and 3. This study showed that the composition of gut microbiota in layer

hens with heat stress was modulated by ZHHXS treatment. ZHHXS treatment caused

key phylotypes of gut microbiota to match the BC group, particularly Actinobacteria,

Bacteroidetes, Bacteroides, and Enterococcus. The effect of ZHHXS in alleviating heat

stress could be achieved by altering the composition of gut microbiota and regulating

some key phylotypes.

Keywords: traditional Chinese medicine, gut microbiota, heat stress, laying hen, 16S rRNA

INTRODUCTION

Stress is a disorder associated with environmental factors, including temperature, diet, radiation,
and so on. Heat stress is the most serious stress that causes adverse effects on growth performance,
immunity, mortality, and breast meat quality (1–4). Emerging evidence demonstrates that heat
stress can aggravate metabolic disorders and intestinal diseases (5–10). Based on our previous

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2022.905382
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2022.905382&domain=pdf&date_stamp=2022-06-21
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:shidayou@scau.edu.cn
mailto:liuc@scau.edu.cn
https://doi.org/10.3389/fvets.2022.905382
https://www.frontiersin.org/articles/10.3389/fvets.2022.905382/full


Ye et al. TCM Regulates Gut Microbiota

TABLE 1 | The composition of the Zi Huang Huo Xiang San.

Items Chinese

names

Actions

Echinacea root Zi Zhui Ju Gen Strengthens immune system

Scutellaria Huang Qin Clearing heat, drying dampness, purging fire,

and detoxification

Patchouli Guang Huo

Xiang

eliminating dampness with aromatics, stopping

vomiting and relieving summer-heat

Elsholtzia Xiang Ru Diaphoresis, detumescence and removing

dampness for regulating stomach

Gypsum Shi Gao clearing away heat and purging fire, except

vexed, slake the thirst

Dried tangerine peel Chen Pi Regulating Qi and strengthening the spleen,

drying dampness, and eliminating phlegm

White atractylodes

rhizome

Bai Zhu Strengthen the Spleen, dry up Dampness, tonify

Qi, and prom

Licorice Gan Cao Strengthen the Spleen and tonify Qi, Harmonize

the effects of other herbs

TABLE 2 | Composition and nutrient levels of the basal diet.

Items Content (%) Nutritional level Content (%)

Corn 59.50 Crude protein 17.19

Wheat bran 4.00 Calcium 3.5

Soybean meal 14.60 Phosphorus 0.42

Cottonseed meal 6.00 Lysine 0.71

Rapeseed meal 4.00 Methionine 0.36

Dried meat floss 2.25 Cystine 0.19

Stone powder 8.4 Metabolizable energy (MJ/Kg) 12.82

FIGURE 1 | The length of the sequence and <200 bp were removed.

study, we found that heat stress has a critical impact on the
composition of gut microbiota, growth performance, circulating
levels of HSP70, and cortisol (11). Therefore, the gut microbiota
may be the key factor in the treatment of heat stress.

The research has demonstrated that gut microbiota has
responded and reacted to the treatment mechanisms of
Traditional Chinese Medicine (TCM) (12–15). Gut microbiota is
an important, complex, and substantial bacterial microecological
system. Microorganisms in the intestine form a mutually
compatible and beneficial harmonious relationship under long-
term interactions with the organism. Under the mutual effect
of the external environment, the host’s health, and the bacterial
microecological system, the balance with gut microbiota and the
promotion of an organism’s healthy development (16–18) can be
maintained well. Gut microbiota, an ecological environment with
a dynamic balance of organism and TCM, can regulate the overall
balance of the body. Therefore, the regulation of TCM on the
health of gut microbiota may be beneficial to balancing the body
(19, 20). After Jia Wei Er Shu San was administered to weanling
piglets, the diversity and structure of their gut microbiota
significantly increased. The gut damage in a ratmodel with spleen
deficiency was relieved through the regulation of gut microbiota
via the decoction of four mild drugs. Gut microbiota in patients
with type II diabetes can be regulated using a decoction of
Ge Gen Huang Lian to treat diabetes (21). The turbulence of
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FIGURE 2 | The rarefaction curves that were generated from the OTUs. (A) shows the chao1; (B) shows the Shannon; (C) shows the goods-coverage; and (D)

shows the Rank-Abundance.

gut microbiota metabolites, such as short-chain fatty acids and
hosts, was extensively modulated by Atractylodes macrocephala
to achieve the therapeutic effects (22–24). Scutellaria baicalensis
Georgi polysaccharide can improve intestinal barrier function
and modulate gut microbiota on dextran sulfate sodium-induced
ulcerative colitis (25). However, the study is required to further
investigate the complexity of the interactions among TCM, heat
stress, and gut microbiota.

In this study, the traditional Chinese formula of ZHHXS
changed the diversity and structure of gut microbiota in layer
hens under heat stress, and the change of some key phylotypes in
gut microbiota may be responsible for the anti-heat stress effects
of TCM.

MATERIALS AND METHODS

Animals
Thirty 35-week-old Roman egg-laying hens were purchased from
Yuan Shi Laying Hens Breeding Co., Ltd. (Guangzhou, China)
and housed in standard environmental conditions. The ethical

approval of the Animal Experiment Administration Committee
of South China Agricultural University was obtained before
the experiments began and all efforts were made to minimize
the hens’ suffering during the experiments. All the procedures
involving the hens including their selection, management, and
preparation throughout the experiments were conducted in strict
accordance with Chinese legislation on the use and care of
laboratory animals. The animals’ housing, care, and handling
were conducted at the Laboratory Animal Center of South China
Agricultural University, Guangzhou, China.

Preparation of Zi Huang Huo Xiang San
The traditional Chinese medicine formula used in this study
was Zi Huang Huo Xiang San (ZHHXS) (Table 1). It was
composed of eight dried Chinese herbs, namely Echinacea root,
Scutellaria, patchouli, Elsholtzia, Gypsum, dried tangerine peel,
white atractylodes rhizome, and licorice, which were mixed in the
dry weight ratio of 4:4:3:3:2:2:1:1. The herbs were purchased from
qualified suppliers based on standards specified in the Chinese
Pharmacopoeia (Guangzhou, China). The herbs were crushed
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FIGURE 3 | The structural changes of gut microbiota based on Principal component analysis (PCA). (A) The PCA on day 1 in different groups; (B) PCA on day 3 in

different groups; (C) PCA on day 7 in different groups; (D) PCA on day 14 in different groups; (E) PCA on day 28 in different groups.

with a pulverizer and sifted using 80 mesh sieves. The materials
were mixed to feed the hens for a basal diet supplemented with
1% of the mixture.

Reagents
A TIANamp Stool DNA Kit (DP328) manufactured by Tiangen
Biotech Co., Ltd. (Beijing, China) was used in this study.
D1K ScreenTape and D1K Reagent manufactured by Agilent
Technologies were also utilized. A Qubit dsDNA HS Assay
Kit was purchased from Life Technologies. A TruSeq Custom
Amplicon Sample Prep Kit and a MiSeq Reagent Kit v3 (600
Cycles PE) were purchased from Illumina.

Experimental Design
Thirty Roman egg layers were randomly divided into 3 groups
with 10 hens in each group: a heat-stressed group (HS), for
which the heater temperature is maintained at 34 ± 2◦C for 28
days, a ZHHXS treatment group (ZHHXS-HS), maintained at
a temperature 34 ± 2◦C with a basal diet supplemented with
1% ZHHXS from 1 to 28 days, and a blank control group (BC)
maintained at a temperature 25 ± 1◦C for 28 days. Hens in the
HS and BC groups were provided a basal diet and free access to

drinking water. The basal diet was shown in Table 2. The 200-mg
feces were collected on days 1, 3, 7, 14, and 28. All feces samples
were stored in a−80◦C freezer until analysis.

Bioinformatics Statistical Analysis
The sequence length, OTU (Operational Taxonomic Unit)
numbers, and rarefaction curve (Chao1, Shannon, Good’s
coverage, and rank abundance) were performed using mothur
on a single-summary command. Beta diversity analysis consisted
of principal component analysis (PCA) and PCoA based on the
Unifrac distance metric. The statistical analyses of the relative
abundance of the phylum and genus levels, a taxonomy-based
analysis, were carried out by analysis of variance (ANOVA)
with SPSS 19.0. Values of P < 0.05 were considered statistically
significant. The bar graph of the phylum and genus was produced
with GraphPad Prism 5 software.

RESULTS

The Sequence of Gut Microbiota
After polymerase chain reaction (PCR), all of the feces samples
were sequenced by an Illumina MiSeq sequencer, which was
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FIGURE 4 | Changes of intestinal microflora composition based on unweighted principal coordinate analysis. The PCoA distribution with unweighting shows on day 1

(A), on day 3 (B), on day 7 (C), on day 14 (D), and on day 28 (E) in different groups.

used to monitor the structural changes in the three groups’
gut microbiota. Sequence lengths of <200 bp were removed,
12,853,330 sequences were gained, and the average length was
480 bp (Figure 1). A total of 737,136 OTUs were generated
through clustering analysis for high-quality sequences at a
97% similarity cut-off. The Chao1, Shannon, Good’s coverage,
and rank abundance curves that were generated from the
OTUs suggested that high-sample coverage was captured with
the sequencing depth (Figure 2), and further increases in
the sequencing depth were unlikely to achieve greater gut
microbiota diversity.

The Gut Microbiota Composition Overtime
After ZHHXS
Principal component analysis, an unsupervised multivariate
statistical method, was used to analyze the composition changes
in the hens’ gut microbiota (Figure 3). A plot of the PCA scores
showed that the gut microbiota composition in the BC group
was significantly different from the HS group along PC2 on day
1 and PC1 on days 3 and 14, and there was a similar trend in
the ZHHXS-HS group on days 1 and 3. However, there were
no significant differences among the BC, HS, and ZHHXS-HS
groups on days 7 and 28.

UniFrac distance-based PCoA, an unsupervised multivariate
statistical method that includes weighted and unweighted
distributions, was also used to analyze the gut microbiota
composition (Figures 4, 5). The PCoA unweighted distribution
showed that the gut microbiota composition in the BC group
differed from the HS group along PC2 on days 1 and 7, and along
PC1 and PC2 on days 14. However, there were no significant
differences between the BC and ZHHXS-HS groups on days 1
and 7 and among the BC, HS, and ZHHXS-HS groups on days
3 and 28. The plot of the weighted PCoA showed comparable
changes in the composition of gut microbiota between the BC
and HS groups along PC2 on days 1 and 14, PC1 and PC2 on
day 3, and no significant difference between the BC and ZHHXS-
HS groups on days 1 and 3. There were no differences among the
three groups on days 7 and 28.

Key Phylotypes of Hens’ Gut Microbiota
Changed Due to ZHHXS
Obvious changes in the key phylotypes of gut microbiota at
both the phylum and genus levels were found through a taxon-
based analysis among the three groups. At the phylum level,
Firmicutes, Proteobacteria, and Bacteroidetes were the main
groups (Figure 6). The relative abundance of Actinobacteria in
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FIGURE 5 | The composition changes of gut microbiota based on Principal coordinate analysis (PCoA) with weight. The PCoA distribution with weight shows on day

1 (A), on day 3 (B), on day 7 (C), on day 14 (D), and on day 28 (E) in different groups.

the ZHHXS-HS group was markedly increased compared to the
BC group on days 3, 7, and 14 and Bacteroidetes on days 14.
There was no distinct difference between the HS and BC groups.
The relative abundance of Firmicutes in the HS group differed
significantly from the BC group on day 14 and Proteobacteria on
day 1. The relative abundance of Firmicutes in the ZHHXS-HS
group differed significantly from the BC group.

A taxon-based analysis at the genus level revealed that
Lactobacillus, Veillonella, Enterococcus, and Bacteroides were
the dominant genus (Figure 7). The relative abundance of
Bacteroides and Enterococcus changed between the HS and
BC groups, and the ZHHXS-HS group had no significant
change compared to the HS and BC groups on day 14.
The relative abundance of Lactobacillus in the BC group
significantly increased and Oscillospira and Ruminococcus
decreased compared to the HS and ZHHXS-HS groups at day
14. There were no obvious changes between the HS and ZHHXS-
HS groups. There were no marked differences among the three
groups on days 1, 3, 7, and 28 in the six genera.

DISCUSSION

This study showed that gut microbiota differed among the
ZHHXS-HS, HS, and BC groups. The results indicated that a

traditional Chinese herbal formula is credible for heat stress.
In agreement with this paper, other studies have reported that
traditional Chinese medicine could treat heat stress (26–28).
Scutellaria baicalensis, with the functions of clearing away heat
and dampness, purging fire, and detoxification, has shown
significant effects on the treatment of various diseases, especially
hepatitis, diarrhea, vomiting, and high blood pressure (29).

The results of the study of the rarefaction curve showed that

the sequencing depth was sufficient to cover the gut microbiota.

The results also indicated that the composition of gut microbiota
in the feces was markedly different among the ZHHXS-HS, HS,

and BC groups. The PCA showed that the composition of gut
microbiota in the BC group differed from the HS group and had

a similar trend to the ZHHXS-HS group. The PCoA indicated
that BC differed from the HS group, but there was no difference

from the ZHHXS-HS group in the gut microbiota composition.
However, the results of the PCA and PCoA differed at varying
times. Other research has indicated that Chinese medicine
compounds can change the composition of gut microbiota,
although there is little similar research into heat stress (21, 30, 31).

Significant differences were observed at key phylum and
genus levels. The relative abundance of Actinobacteria and
Bacteroidetes was significantly increased in the ZHHXS group
in this study. The results showed that the increased relative
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FIGURE 6 | The changes of abundance at the phylum level through taxon-based analysis. (A–D) shows the abundance of Actinobacteria, Bacteroidetes, Firmicutes,

and Proteobacteria among different groups across time, respectively. The significance of variance was analyzed by one-way ANOVA. The different letter represents

p < 0.05 and there was an obvious difference.

abundance of Proteobacteria caused by heat stress was reduced
by ZHHXS. Firmicutes did not change with ZHHXS. This
result is consistent with a report by Ying Chen that TCM can
change the abundance of phylum (31). The relative abundance of
Bacteroides, a short-chain fatty acid producer that is vital to the
growth of gut microbiota (32, 33), increased due to heat stress
compared to the BC group, and then decreased by ZHHXS. The
changing abundance of Enterococcuswas stabilized with ZHHXS.
The growth promotion in fish and the multiple drug resistance
of Enterococcus has been documented (34–36). These results
further suggest that heat stress using ZHHXS may be mediated
by changing the relative abundance of gut microbiota. However,
there is no time-dependent change in gut microbiota by ZHHXS,
which may be because gut microbiota is susceptible to another
factor. Many other studies have shown that TCM can alter the
abundance of the different genus to alleviate the severity of the
disease (30, 31, 37). Atractylodes macrocephala Koidz. (called
Baizhu in China) has long been used to treat gastrointestinal
dysfunction. Crude extracts and pure compounds of Atractylodes
macrocephala are used to treat gastrointestinal hypofunction and
splenic asthenia (38). Pogostemonis Herba is usually used for the

treatment of vomiting, abdominal pain, and diarrhea with the
function of aromatic damp-resolving (39).

In the current study, the relative abundance of Lactobacillus,
Oscillospira, and Ruminococcus was not correlated with ZHHXS
and was positively correlated with a lack of treatment, suggesting
that Lactobacillus, Oscillospira, and Ruminococcus might be
phylotypes associated with the occurrence of heat stress. Heat
stress with ZHHXS may be regulated by changing the relative
abundance of Veillonella, although there was no significant
variation among the three groups.

CONCLUSION

This study suggested that the ZHHXS, a Chinese herbal formula,
played a vital role in modulating gut microbiota during the
treatment of layer hens with heat stress. By comparing the BC
group, the ZHHXS-HS group showed that the relative abundance
of Bacteroides and Enterococcus shifted to the same tendency.
The relative abundance of Actinobacteria and Bacteroidetes
became enriching through the ZHHXS on heat stress. So, the
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FIGURE 7 | The changes of abundance at the genus level through taxon-based analysis. (A–F) shows the abundance of Bacteroides, Enterococcus, Lactobacillus,

Oscillospira, Ruminococcus, and Veillonella among different groups across time, respectively. The significance of variance was analyzed by one-way ANOVA. The

different letter represents p < 0.05 and there was an obvious difference.

ZHHXS with the functions of clearing away heat and dampness,
purging fire, and detoxification can modulate gut microbiota in
heat stress. However, the causal relationship between Chinese
herbal formula and gut microbiota remains unclear. This study
provides evidence that the therapeutic effect of the Chinese herbal
formula may function via the mediation of gut microbiota.
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