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ABSTRACT In this study, we prepared a kind of
novel microecologics, namely Chinese medicine−probi-
otic compound microecological preparation (CPCMP),
which is composed of 5 traditional Chinese medicine
herbs (Galla Chinensis, Andrographis paniculata, Arctii
Fructus, Glycyrrhizae Radix, and Schizonepeta tenuifo-
lia) fermented by Aspergillus niger and a kind of com-
pound probiotics (Lactobacillus plantarum A37 and L.
plantarum MIII). The effects of the CPCMP in broilers
on growth performance, serum parameters, immune
function, and intestinal health were investigated. A total
of 450 one-day-old male Arbor Acres broilers were ran-
domly divided into 6 treatment groups with 5 replicates,
15 birds per replicate. Treatments consisted of: blank
control, CPCMP, positive control, commercial CPCMP,
traditional Chinese medicine, and probiotics groups,
which were birds fed with basal diet supplemented with
no extra additives, 0.2% CPCMP, 0.0035% chlortetracy-
cline, 0.2% commercially available CPCMP, 0.2% fer-
mented traditional Chinese medicines, and 0.2%
compound probiotics, respectively. CPCMP obviously
increased the average body weight and average daily
gain (P < 0.05, compared with any other group) and
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decreased the feed:gain ratio of broilers (P < 0.05, com-
pared with the blank control, commercial CPCMP, tra-
ditional Chinese medicine, or probiotics group).
Moreover, it significantly increased glutathione peroxi-
dase and secretory immunoglobulin A levels and spleen/
bursa indices (P < 0.05 for all, compared with the blank
control, commercial CPCMP, traditional Chinese medi-
cine, or probiotics group). Villus heights in duodenum,
jejunum, and ileum were also elevated by CPCMP treat-
ment (P < 0.05, compared with any other group). Fur-
thermore, CPCMP substantially increased jejunal
mRNA levels of occludin and zonula occludens-1 (P <
0.05, compared with the blank control, positive control,
or probiotics group) and facilitated the growth and colo-
nization of beneficial cecal bacteria, such as Olsenella,
Barnesiella, and Lactobacillus. Overall results show that
the CPCMP prepared in our work contributes to
improving growth performance, serum parameters,
immune function, and intestinal health of broilers and
exerts synergistic effects of traditional Chinese medi-
cines and probiotics to some extent. Our findings suggest
that CPCMP is a promising antibiotic substitute in the
livestock and poultry industry in the future.
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INTRODUCTION

Since the discovery of penicillin in the late 1920s, the
application of antibiotics has brought great changes to
human life (Zaffiri et al., 2012). In livestock and poultry
production, antibiotics in subtherapeutic doses are used
as feed additives to control diseases and improve growth
performance (Smith, 2019). However, antibiotics can
not only kill harmful bacteria but also inhibit the growth
and colonization of beneficial bacteria in intestine,
resulting in the imbalance of intestinal microbiota
(Alagawany et al., 2018). The overuse of antibiotics in
the livestock and poultry industry has induced the emer-
gence of many drug-resistant pathogens. In addition,
the accumulation of antibiotic residues can contaminate
livestock and poultry products such as meat and eggs
(Chowdhury et al., 2018; Suresh et al., 2018), which
threatens human health. Therefore, new and effective
feed additives are urgently needed to replace antibiotics
in livestock and poultry production.
The Food and Agriculture Organization of the United

Nations and the World Health Organization define
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probiotics as live microorganisms that confer a health
benefit on the host when administered in adequate doses
(Hill et al., 2014). Probiotics, such as Lactobacillus
(Incharoen et al., 2019), Bacillus (Al-Fataftah and
Abdelqader, 2014), Bifidobacterium (Wang et al.,
2020a), Aspergillus niger (Lin et al., 2020), and Aspergil-
lus oryzae (Zahirian et al., 2019), commonly used in live-
stock and poultry, have many beneficial effects, mainly
including killing or suppressing pathogenic bacteria, pro-
moting nutrient utilization, enhancing intestinal barrier
function, regulating immune response, and improving
intestinal microbiota. Traditional Chinese medicine
(TCM) has been regarded as an invaluable source of
therapeutic agents and played an important role in
maintaining both human and animal health
(Mishra and Tiwari, 2011). Some TCMs with low toxic-
ity, like Galla Chinensis (Xiang et al., 2015), Androgra-
phis paniculata (Worasuttayangkurn et al., 2019),
Arctii Fructus (Xu et al., 2015; Bok et al., 2017), Glycyr-
rhizae Radix (Jiang et al., 2020a), and Schizonepeta ten-
uifolia (Fung and Lau, 2002), contain various active
ingredients, such as terpenoids, phenols, and volatile
oils, which can not only improve growth performance,
immune function, and intestinal microbiota of livestock
and poultry, but also have antioxidant and anti-inflam-
matory activities (Samuel et al., 2017; Li et al., 2018;
Pirgozliev et al., 2019; Jiang et al., 2020b; Shi et al.,
2020). Compared with antibiotics, TCMs have many
advantages including less toxicity and side effects, and
reduced residues in body and risk of inducing drug resis-
tance (Abdallah et al., 2019). The application of TCMs
can effectively solve a series of problems caused by long-
term use of antibiotics in livestock and poultry breeding.
With the cross development of different subjects, such
as microecology, fermentation engineering, and phar-
macy, a kind of novel microecologics, Chinese medicine
−probiotic compound microecological preparation
(CPCMP), has sprung up. This formulation can make
plenty use of both the efficacy of TCMs and probiotics
through their synergistic actions (Liang et al., 2021).
CPCMP may have the potential to be developed into a
substitute for antibiotics in poultry production.

The integrity of intestinal barrier and the composition
and structure of intestinal microbiota play a vital role in
host’s health. The intestinal barrier can prevent the
invasion of exogenous pathogenic bacteria, toxins, and
other harmful substances, help maintain intestinal
homeostasis, and protect health (Yang et al., 2019a).
Intestinal microflora participates in the biotransforma-
tion of nutrients, contributes to the clearance of the
pathogens, and interacts with the gut-associated
immune system (Kogut, 2018). It is considered as an
internalized environmental factor, which is closely
related to the occurrence and development of many dis-
eases (Borda-Molina et al., 2018). Thus, once either the
intestinal barrier or intestinal microflora becomes dys-
functional, health will be seriously threatened.

Previous studies have shown that fermented TCMs
have advantageous effects on growth performance, meat
quality, and immune function in cattle (Wang et al.,
2017), pigs (Zhou et al., 2015), and ducks (Liu et al.,
2017). The relevant studies in broilers also focus on their
influence on growth performance and antioxidant activity
(Niu et al., 2017; Niu et al., 2019; Liu et al., 2020). The
reports on the effects of fermented TCMs and the com-
pound formulation of fermented TCMs and probiotics on
intestinal barrier and intestinal microbiota of broilers are
numbered (Zhang et al., 2015; Qiao et al., 2018).
In our study, 5 kinds of TCMs (Galla Chinensis, A.

paniculata, Arctii Fructus, Glycyrrhizae Radix, and S.
tenuifolia) fermented by Aspergillus niger were com-
bined with a kind of compound probiotics (a mixture of
Lactobacillus plantarum A37 and L. plantarum MIII) to
obtain a CPCMP. As mentioned above, these TCMs
and probiotics have beneficial effects, such as enhancing
immunity and improving intestinal health. The objec-
tive of this study was to examine the effects of CPCMP
in broilers on growth performance, serum biochemical
and antioxidant parameters, immune function, intesti-
nal barrier, and intestinal microflora and explore
whether the combined use of TCMs and probiotics
shows the synergistic effects.
MATERIALS AND METHODS

Preparation of Feed Additives

Fermented TCMs Preparation Five Chinese herbs,
Galla Chinensis, A. paniculata, Arctii Fructus, Glycyr-
rhizae Radix, and S. tenuifolia, were purchased from
Wuhan Renyitang Pharmacy Co., Ltd. (Wuhan, Hubei,
China). After being dried and pulverized, they were
passed through 80 mesh filters to obtain fine powders.
The powders of Galla Chinensis, A. paniculata, Arctii
Fructus, Glycyrrhizae Radix, and S. tenuifolia were
mixed in a mass ratio of 3:3:3:1:1 (The ratio was
screened and determined using orthogonal test and
range analysis method by analyzing bacteriostatic effect
on pathogenic bacteria in our previous study;
Liang et al., 2021). Then the mixture was soaked in
equal-mass water overnight and sterilized at 121°C for
30 min. After being naturally cooled to room tempera-
ture, the TCM mixture was inoculated with 109 colony-
forming units (CFU)/mL of Aspergillus niger (which
was obtained from the China Center of Industrial Cul-
ture Collection; NO:2033) and fermented at 26°C for 4
d. Subsequently, the ferment was inactivated by auto-
clave sterilization and ground into a powder as fer-
mented TCMs for further use.
Compound Probiotics Acquisition In our previous
work, 2 probiotic strains, Lactobacillus plantarum A37
and L. plantarum MIII, were isolated from the cecal con-
tents of healthy broilers, genetically identified, selected
for their beneficial properties (such as inhibition to com-
mon pathogens [e.g., S. aureus, S. Epidermidis, Salmo-
nella, and E. coli] and tolerance to high temperature,
high bile salts, and acidic environment), and preserved
in China Center for Type Culture Collection with the
number of M2019559 and M2019560, respectively. They
were both activated in de Man, Rogosa, and Sharpe
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(MRS) agar (Hopebio Co., Ltd, Qingdao, China) at 37°
C for 24 h. Then, the single colonies were selected and
fermented in MRS broth (pH 5.7) (Hopebio Co., Ltd)
for 14 h. After centrifugation (Microfuge 20R, Beckman
Coulter, Miami, FL, Germany) of the bacterial cultures
at 4,000 rpm at 4°C for 15 min, the supernatants were
discarded. The bacterial cell pellets were added with the
protective agent (sterile water added with 12.0% treha-
lose, 15.0% skim milk, 3.0% sucrose, and 2.5% gelatin;
the formula of which was determined using orthogonal
test and range analysis method in our previous study)
and freeze-dried using a commercial freeze dryer (Bio-
cool, Beijing, China) at �60°C for 24 h. Then, the bacte-
rial cells were ground into powders in a sterile
environment. Finally, the powders of L. plantarum A37
and L. plantarum MIII were evenly mixed in a 1:1 mass
ratio (The ratio was screened and determined in our pre-
vious study) to obtain the compound probiotics (> 1010

CFU/g solids) for further use.
CPCMP Preparation The fermented TCMs and the
compound probiotics were uniformly mixed at a mass
ratio of 6:1 (The ratio was screened and determined in
our previous study) to obtain the CPCMP (>1010 CFU/
g solids), which was stored at 4°C for further use.
Animals and Treatment

A total of 450 one-day-old male Arbor Acres broilers
with average initial body weight of 33.86 § 0.57 g were
purchased from Jingzhou Zhengkang Poultry Co., Ltd.
(Jingzhou, Hubei, China). They were randomly assigned
into 6 treatment groups with 5 replicates (cages) per
treatment and 15 birds per replicate. Treatments were
as followed (Table 1): A) blank control group, B)
CPCMP group, C) positive control group, D)
Table 1. The group design of animal experiment.

Group number Group name Treatment

A Blank control group A basal diet supple-
mented with no extra
additives

B CPCMP group A basal diet supple-
mented with 0.2%
Chinese medicine
−probiotic compound
microecological prepa-
ration (CPCMP)

C Positive control group A basal diet supple-
mented with 0.0035%
chlortetracycline1

D Commercial CPCMP
group

A basal diet supple-
mented with 0.2%
commercially avail-
able CPCMP2

E TCM group A basal diet supple-
mented with 0.2% fer-
mented traditional
Chinese medicines

F Probiotics group A basal diet supple-
mented with 0.2%
compound probiotics

1Chlortetracycline was purchased from Charoen Pokphand Group Co.,
Ltd. (Harbin, Heilongjiang, China).

2Commercially available CPCMP was purchased from Henan Yue’s
loyalty Technology Co., Ltd. (Xuchang, Henan, China).
commercial CPCMP group, E) TCM group, and F) pro-
biotics group. Experimental diets were formulated to
meet or exceed nutritional requirements of broilers
reported by the National Research Council
(NRC, 1994). The composition of the basal diets during
the 2 growth periods (1−21 and 22−42 d) is shown in
Supplementary Table 1. All birds were housed in stain-
less steel cages (200 cm long £ 100 cm wide £ 40 cm
high) with concrete floors of 0.133 m2 per bird, and had
ad libitum access to water and feed during the whole 42-
d experimental period. The temperature of the room was
kept at 35°C for the first week and decreased to 24°C
until the end of the study. All animal experiments were
performed according to the protocols approved by the
Hubei Provincial Animal Care and Use Committee of
China under supervision of a licensed poultry veterinar-
ian.
Growth Performance Determination

Every week during the trial, all broilers were individu-
ally weighed after 4 h of feed deprivation. The bodyweight
and feed consumption were recorded per replicate during
different experimental periods to calculate the average
body weight (ABW), average daily feed intake (ADFI),
average daily gain (ADG), and feed:gain (F:G; the ratio
of ADFI:ADG) (Zhang et al., 2021).
Sample Collection

Both at 21 and 42 days of age, 10 broilers (2 broilers
per replicate, 5 replicates/treatment, n = 5) were ran-
domly selected from each of the blank control, CPCMP,
positive control, commercial CPCMP, TCM, and probiot-
ics groups for sample collection. Blood samples were indi-
vidually collected from the wing vein and placed in
vacuum blood collection tubes. After the samples were
allowed to stand at room temperature for 2 h, they were
centrifuged at 3,000 rpm at 4°C for 10 min and the super-
natants (serum samples) were stored at �80°C until fur-
ther analysis. After blood collection, the broilers were
anesthetized by injecting sodium pentobarbital (Sigma-
Aldrich, St. Louis, MO) intravenously at a dose of
30 mg/kg (Mohammed et al., 2019) and decapitated. The
abdominal cavity of broilers was quickly opened, and the
spleen and bursa were removed for evaluation of immune
organ indices. Afterward, the entire small intestine was
rapidly removed and separated from the mesentery and
connective tissue. Approximately 2 cm of the mid-duode-
num, mid-jejunum, and mid-ileum from each broiler were
obtained and fixed in 4% paraformaldehyde solution for
histological examination. The remaining jejunum seg-
ments were washed with 0.9% saline to remove intestinal
contents and then partially placed in a cryotube for quan-
titative real-time polymerase chain reaction (qRT-
PCR). Part of the ileal mucosa was carefully scraped
using a sterile glass microscope slide and collected into a
cryotube for further analysis. Then, the cecal contents
were collected from randomly selected 5 broilers (1 broiler
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per replicate, 5 replicates/treatment, n = 5) of each group
for 16S rRNA gene sequencing. All tissue samples were
kept in liquid nitrogen before further analysis.
Determination of Immune Organ Indices

After the spleen and bursa of each broiler were
removed, the surrounding adipose tissue was cut off, and
the 2 immune organs were immediately weighed.
Immune organ index (mg/g) was calculated as the
immune organ fresh weight (mg)/broiler weight (g)
before slaughter.
Histological Measurement

After fixation in 4% paraformaldehyde solution for 24
to 48 h, the collected segments of the small intestine were
dehydrated with increasing concentrations of alcohol,
embedded in paraffin, sectioned into 5-mm-thick slides,
and finally stained with hematoxylin and eosin (H&E).
Ten complete crypt−villus units were randomly selected
from each section (1 section per brolier, 2 broiler/replicate,
5 replicates/treatment). The villus height (VH) or crypt
depth (CD) was defined as the vertical distance from the
villus tip or from the crypt base to the villus−crypt junc-
tion, respectively (De Grande et al., 2020). The sections
were observed using a light microscope (Leica DMi8,
Winzer, Germany) with 10 £ magnification, and color
images were captured by computer-assisted image analy-
sis system (Leica Application Suite X 3.4.2, Winzer, Ger-
many). The mean VH and CD were calculated to obtain
the VH-to-CD ratio (VH:CD).
Serum Biochemical Analysis

The contents of albumin (ALB, cat# abx350538) and
triglycerides (TG, cat# abx257659) in the serum were
quantified using commercial enzyme-linked immunosor-
bent assay (ELISA) kits (Abbexa Ltd., Cambridge,
UK) in accordance with the manufacturer’s instructions.
The concentration of total cholesterol (TC, cat#
BC1985) in the serum was determined using a TC assay
kit (Beijing Solarbio Science & Technology Co., Ltd.,
Beijing, China) in accordance with the manufacturer’s
protocols.
Assessment of the Antioxidant Activity

The enzyme activity of glutathione peroxidase (GSH-
Px, cat# abx357063) and the content of malondialde-
hyde (MDA, cat# abx257171) in the serum were tested
using commercial ELISA kits (Abbexa Ltd.). All proce-
dures were performed in accordance with the manufac-
turer’s instructions.
Detection of Serum Inflammatory Cytokines

The contents of interleukin (IL)-1 beta (1b) (cat#
abx250062), IL-6 (cat# abx250068), and IL-10 (cat#
abx250055) in the serum were determined using the cor-
responding commercial ELISA kits (Abbexa Ltd.) in
accordance with the manufacturer’s instructions. The
concentration of endotoxin (cat# 88282) in the serum
was quantified using a Pierce LAL Chromogenic endo-
toxin Quantitation Kit (Thermo Fisher Scientific Inc.,
Waltham, MA) in accordance with the manufacturer’s
protocols.
Determination of Serum and Mucosal
Antibodies

Approximately 0.1 g of ileal mucosa from each broiler
was homogenized with 1 mL of phosphate buffer solution
on ice and then centrifuged at 8,000 rpm at 4°C for
15 min to obtain the supernatants. The contents of secre-
tory immunoglobulin (Ig) A (sIgA, cat# abx053627) in
the serum and in the supernatants of the ileal mucosa
homogenates and IgG (cat# abx150024) in the serum
were measured using commercial ELISA kits (Abbexa
Ltd.) in accordance with the manufacturer’s instructions.
qRT-PCR Analysis

Total RNA of jejunum segment samples was isolated
using TRIzol reagent (cat# abs9331, Absin Bioscience
Inc., Shanghai, China) following the manufacturer’s pro-
tocols. The integrity of isolated RNA was examined by
2% agarose gel electrophoresis, and the concentration
and purity of RNA were determined from OD260/280
readings using a NanoDrop 2000 Spectrophotometer
(Thermo Fisher Scientific Inc.). The RNA samples were
diluted with diethyl pyrocarbonate-treated water. Sub-
sequently, 1 mg of total RNA was immediately reverse-
transcribed into complementary DNA using ReverTra
Ace qPCR RT Master Mix with gDNA Remover (cat#
FSQ-301, Toyobo Co., Ltd., Osaka, Japan) in accor-
dance with the manufacturer’s instructions. The reverse
transcription condition was set up as follows: 15 min at
37°C and 5 min at 98°C. Finally, qRT-PCR was con-
ducted on a CFX96 Real-Time PCR system (BioRad,
CA) with a QuantiNova SYBR Green PCR Kit (cat#
208054, Qiagen GmbH, Hilden, Germany) following the
manufacturer’s protocols. The reaction mixture com-
prised 1.8 mL of complementary DNA, 1.4 mL each of
the forward and reverse primers, 10 mL of SYBR Green
PCR Master Mix, and 5.4 mL of RNase-free water. The
PCR procedures consisted of a PCR initial heat activa-
tion at 95°C for 2 min and 40 cycles of denaturation at
95°C for 5 s, followed by a combined annealing/exten-
sion step at 60°C for 10 s. The melting curve conditions
were as follows: 65°C for 10 s and an increase in tempera-
ture from 65 to 95°C with a heating rate of 0.5°C/s. The
primer sequences for the target (occludin [OCLN] and
zonula occludens-1 [ZO-1]) and reference (b-actin)
genes are listed in Table 2. Each sample was tested in
triplicate, and the relative mRNA expression levels of all
target genes were calculated using the 2�DDCT method

http://dict.youdao.com/w/diethyl%20pyrocarbonate(DEPC)/
https://www.52wmb.com/buyer/34363599


Table 2. Sequences for real-time PCR primers.

Gene1 Gene bank ID Forward primers (50-30) Reverse primers (50-30) Length (bp)

OCLN NM_205128.1 TCATCGCCTCCATCGTCTAC TCTTACTGCGCGTCTTCTGG 240
ZO-1 XM_413773.4 AAGTGTTTCGGGTTGTGGAC GCTGTCTTTGGAAGCGTGTA 160
b-actin NM_205518.1 ACCGCAAATGCTTCTAAACC ATAAAGCCATGCCAATCTCG 100

1Abbreviations: OCLN, occludin; ZO-1, zonula occludens-1.
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(Livak and Schmittgen, 2001). The values in the blank
control group were used as a calibrator.
Microbial Community Analysis by 16S rRNA
Gene Sequencing

Total DNA was extracted from 0.5 g of cecal contents
using a Magnetic Soil and Stool DNA Kit (cat# DP712,
TIANGEN Biotech Co., Ltd., Beijing, China) in accor-
dance with the manufacturer’s protocols. The concen-
tration and purity of the extracted DNA were
determined using a Qubit 2.0 spectrophotometer (Invi-
trogen, Carlsbad, CA) and 1% (w/v) agarose gel electro-
phoresis. The DNA samples were diluted with sterile
water to a concentration of 1 ng/mL and stored at �20°
C before analysis. Then, quantitative PCR was used to
amplify the V3−V4 hypervariable regions of extracted
DNA with specific full length universal forward and
reverse primers (515F, 806R). Subsequently, a QIAquick
Gel Extraction Kit (cat# 28706, Qiagen GmbH) and a
Thermo Scientific GeneJET Gel Extraction Kit (cat#
K0692, Thermo Fisher Scientific Inc.) were used to fur-
ther purify the PCR products. Simultaneously, the
purity of the PCR mixture was evaluated using a Qubit
2.0 dsDNA HS Assay Kit (cat# Q32854, Invitrogen).
The 16S rRNA gene sequencing was performed to ana-
lyze the cecal microbial community structures using the
Table 3. Effects of dietary CPCMP supplementation on the growth p

Item1 BC CPCMP PC

ABW (g/bird)
1d 34.18 § 0.072 33.66 § 0.43 34.26 § 0.2
21d 809.52 § 3.44c 852.16 § 5.78a 831.07 § 3.2
42d 2,363.57 § 22.80c 2,629.60 § 30.69a 2,597.09 § 8.1

ADG (g/bird)
1−21 d 36.89 § 0.15c 39.07 § 0.24a 37.95 § 0.1
22−42 d 73.98 § 1.09c 84.66 § 1.46a 84.10 § 0.3
1−42 d 55.46 § 0.54c 61.81 § 0.73a 60.99 § 0.2

ADFI (g/bird)
1−21 d 51.28 § 0.48a 48.74 § 0.32bc 47.93 § 0.5
22−42 d 168.56 § 0.49a 167.02 § 0.67a 162.01 § 1.8
1−42 d 110.17 § 1.14a 107.80 § 0.37ab 105.07 § 0.6
F:G (g:g)
1−21 d 1.40 § 0.02a 1.25 § 0.01d 1.28 § 0.0
22−42 d 2.27 § 0.01a 1.96 § 0.01cd 1.94 § 0.0
1−42d 1.98 § 0.02a 1.74 § 0.01cd 1.72 § 0.0

BC, blank control, basal diet; CPCMP, basal diet supplemented with 0.2%
positive control, basal diet supplemented with 0.0035% chlortetracycline; comm
CPCMP; TCM, basal diet supplemented with 0.2% fermented traditional Chi
probiotics.

a-dMeans with different superscripts in the same row differ significantly (P <
1Abbreviations: ABW, average body weight; ADG, average daily gain; ADF
2Data are mean values § standard error of 5 replicates per treatment (15 bro
NovaSeq 6000 platform (Illumina, San Diego, CA) in
Novogene Bioinformatics Co., Ltd. (Tianjin, China).
Statistical Analysis

Data are shown as mean values § standard error. The
IBM SPSS Statistics 21 software (International Business
Machines Corp., Armonk, NY) was employed for statis-
tical analysis. Multiple comparisons were conducted
using one-way analysis of variance followed by Tukey’s
multiple comparisons test. A P-value < 0.05 was consid-
ered significant.
RESULTS

Growth Performance

The results of the effects of CPCMP on the growth
performance of broilers were shown in Table 3 and
Supplementary Table 2. Dietary supplementation with
CPCMP markedly increased the ABW (P < 0.05) com-
pared with the blank control (d 7, 14, 21, 28, 35, and
42), TCM (d 7, 14, 21, 28, 35, and 42), positive control
(d 14, 21, and 28), commercial CPCMP (d 7, 14, 21, 28,
and 42), or probiotics (d 7, 14, 21, 35, and 42) group.
The ADG in the CPCMP group was notably higher (P
< 0.05) than that of the blank control, commercial
CPCMP, TCM, probiotics (d 1−21, 22−42, and 1−42,
for all the 4 groups), or positive control (d 1−21) group.
erformance of broilers.

Commercial CPCMP TCM Probiotics

5 33.24 § 0.38 32.96 § 0.39 32.88 § 0.76
9b 825.65 § 3.30bc 831.00 § 4.99b 827.72 § 4.33bc

8a 2,476.45 § 19.48b 2,486.35 § 9.07b 2,462.41 § 6.95b

6b 37.81 § 0.11b 37.68 § 0.22bc 37.82 § 0.21b

9a 78.74 § 0.95b 78.90 § 0.44b 77.85 § 0.33b

0a 58.23 § 0.48b 58.38 § 0.22b 57.85 § 0.17b

4c 47.66 § 0.41c 50.24 § 0.32ab 49.77 § 0.37ab

3b 160.11 § 0.86b 158.47 § 1.24bc 154.81 § 0.37c

8bc 103.89 § 0.45c 104.26 § 0.63c 102.49 § 0.45c

1cd 1.27 § 0.01cd 1.34 § 0.01b 1.33 § 0.01bc

2d 2.03 § 0.01b 2.01 § 0.01bc 1.99 § 0.01bc

1d 1.79 § 0.01b 1.79 § 0.01b 1.77 § 0.01bc

Chinese medicine−probiotic compound microecological preparation; PC,
ercial CPCMP, basal diet supplemented with 0.2% commercially available
nese medicines; Probiotics, basal diet supplemented with 0.2% compound

0.05).
I, average daily feed intake; F:G, feed:gain.
ilers per replicate, n = 5).

https://www.baidu.com/link?url=ch9aaI2ualyhTbVH5XScXl45c_pI9vwzpOPYzMaa9s3&wd=&eqid=aaf7ccd00006f0fe000000065fd764d5


Table 4. Effects of dietary CPCMP supplementation on the immune organ indices of broilers.

Item BC CPCMP PC Commercial CPCMP TCM Probiotics

Spleen index (mg/g)
21 d 0.73 § 0.021,b 0.97 § 0.04a 0.82 § 0.03ab 0.77 § 0.01b 0.72 § 0.08b 0.79 § 0.02b

42 d 0.97 § 0.09b 1.23 § 0.06a 1.06 § 0.04ab 0.95 § 0.04b 1.03 § 0.02ab 1.05 § 0.04ab

Bursa index (mg/g)
21 d 2.14 § 0.03b 2.55 § 0.07a 2.20 § 0.11ab 2.07 § 0.05b 2.12 § 0.07b 2.13 § 0.09b

42 d 0.78 § 0.05d 1.29 § 0.07a 1.25 § 0.06ab 0.99 § 0.05cd 1.00 § 0.05bcd 1.07 § 0.06abc

BC, blank control, basal diet; CPCMP, basal diet supplemented with 0.2% Chinese medicine−probiotic compound microecological preparation; PC,
positive control, basal diet supplemented with 0.0035% chlortetracycline; commercial CPCMP, basal diet supplemented with 0.2% commercially available
CPCMP; TCM, basal diet supplemented with 0.2% fermented traditional Chinese medicines; Probiotics, basal diet supplemented with 0.2% compound
probiotics.

a-dMeans with different superscripts in the same row differ significantly (P < 0.05).
1Data are mean values § standard error of 5 replicates per treatment (2 broilers per replicate, n=5).
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The ADFI in the CPCMP group was higher (P < 0.05)
than that of the commercial CPCMP, TCM, probiotics
(d 22−42 and 1−42, for all the 3 groups), or positive con-
trol (d 22−42) group, while it was lower than that of the
blank control group (d 1−21; P < 0.05). The CPCMP
group exhibited substantially decreased F:G ratio (P <
0.05) compared with the blank control (d 1−21, 22−42,
and 1−42), TCM (d 1−21 and 1−42), commercial
CPCMP (d 22−42 and 1−42), or probiotics (d 1−21)
group. No difference in F:G ratio between the CPCMP
and positive control groups was observed.
Immune Organ Indices

The influence of dietary CPCMP addition on the indi-
ces of these 2 organs is presented in Table 4. Compared
with the blank control, commercial CPCMP, TCM, or
probiotics group, CPCMP supplementation augmented
the spleen and bursa indices at 21 days of age (P <
0.05). The 2 indices at 42 days of age in the CPCMP
group were both higher (P < 0.05) than those in the
blank control or commercial CPCMP group.
Intestinal Morphology

The results of the effects of CPCMP on the intestinal
morphology of broilers were shown in Table 5 and
Supplementary Table 3. At 21 d, CPCMP
Table 5. Effects of dietary CPCMP supplementation on the jejunum

Item1 BC CPCMP PC

21 d
VH (mm) 362.18 § 33.382,d 820.95 § 27.27a 684.18 § 4.34b

CD (mm) 136.68 § 6.82 118.57 § 19.86 115.16 § 11.75
VH:CD 2.61 § 0.20c 7.71 § 1.11a 5.97 § 0.65a

42 d
VH (mm) 437.50 § 9.61cd 518.89 § 5.83ab 553.66 § 6.63a

CD (mm) 123.83 § 5.52a 99.83 § 4.19ab 79.17 § 7.61b

VH:CD 3.58 § 0.16b 5.23 § 0.24a 6.30 § 0.44a

BC, blank control, basal diet; CPCMP, basal diet supplemented with 0.2%
positive control, basal diet supplemented with 0.0035% chlortetracycline; comm
CPCMP; TCM, basal diet supplemented with 0.2% fermented traditional Chi
probiotics.

a-dMeans with different superscripts in the same row differ significantly (P <
1Abbreviations: CD, crypt depth; VH, villus height.
2Analysis based on 10 measurements per section per broiler (2 broilers per rep
supplementation significantly increased VH (P < 0.05)
compared with the blank control (in the duodenum, jeju-
num, and ileum), positive control (in the jejunum and
ileum), commercial CPCMP (in the jejunum and ileum),
TCM (in the jejunum and ileum), or probiotics (in the
duodenum, jejunum, and ileum) group. The VH:CD in
the CPCMP group was higher (P < 0.05) than that in the
blank control (in the duodenum, jejunum, and ileum),
positive control (in the duodenum and ileum), commercial
CPCMP (in the ileum), or TCM (in the jejunum) group.
At 42 d, relative to the blank control group, the CPCMP
group exhibited elevated VH (in the duodenum, jejunum,
and ileum) and VH:CD (in the duodenum and jejunum)
(P < 0.05) and decreased duodenal CD (P < 0.05). The
duodenal VH in the CPCMP group was higher (P < 0.05)
than that in the positive control, commercial CPCMP,
TCM, or probiotics group. Moreover, CPCMP supple-
mentation induced higher (P < 0.05) VH:CD (in the duo-
denum and jejunum) compared with the commercial
CPCMP,TCM, or probiotics group.
Serum Biochemical Indicators

The CPCMP group had significantly higher ALB con-
tent (P < 0.05) than the blank control, positive control,
commercial CPCMP, TCM, or probiotics group at
42 days of age (Figure 1). Supplementation with
CPCMP reduced the concentration of TG (P < 0.05)
morphology of broilers.

Commercial CPCMP TCM Probiotics

673.48 § 4.52b 570.90 § 10.24c 549.80 § 4.73c

104.22 § 9.25 126.51 § 15.00 113.51 § 7.88
b 6.31 § 0.60ab 4.36 § 0.61bc 4.94 § 0.30abc

457.82 § 6.60cd 408.25 § 14.11d 488.06 § 24.41bc

99.50 § 5.06ab 123.62 § 8.47a 120.54 § 5.70a

3.90 § 0.33b 3.28 § 0.21b 4.05 § 0.25b

Chinese medicine−probiotic compound microecological preparation; PC,
ercial CPCMP, basal diet supplemented with 0.2% commercially available
nese medicines; Probiotics, basal diet supplemented with 0.2% compound

0.05).

licate, 5 replicates per treatment). Data are mean values§ standard error.



Figure 1. Effects of dietary CPCMP supplementation on the serum biochemistry of broilers at 42 d. BC, blank control, basal diet; CPCMP,
basal diet supplemented with 0.2% Chinese medicine−probiotic compound microecological preparation; PC, positive control, basal diet supple-
mented with 0.0035% chlortetracycline; commercial CPCMP, basal diet supplemented with 0.2% commercially available CPCMP; TCM, basal diet
supplemented with 0.2% fermented traditional Chinese medicines; Probiotics, basal diet supplemented with 0.2% compound probiotics. (A) Albu-
min (ALB). (B) Triglycerides (TG). (C) Total cholesterol (TC). Results are presented as mean § standard error (n = 5; 5 replicates/treatment, 2
broilers/replicate). a-dMeans that do not share common letters differ significantly (P < 0.05).
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compared with the blank control, commercial CPCMP,
or probiotics group at the same age, but no difference
was observed in the TG level (P > 0.05) between the
groups of CPCMP and positive control, as well as
CPCMP and TCM (Figure 1). The TC level in
the CPCMP group was close to that in any other group
(P > 0.05, Figure 1).
Antioxidant Performance

Relative to the blank control, commercial CPCMP,
TCM, or probiotics group, dietary CPCMP clearly
enhanced the activity of GSH-Px at 42 d (P < 0.05),
whereas there was no difference in the GSH-Px activity
between the CPCMP and positive control groups (P >
0.05, Figure 2). The MDA level in the CPCMP group
was similar (P > 0.05) to that in the positive control,
Figure 2. Effects of dietary CPCMP supplementation on the antiox
CPCMP, basal diet supplemented with 0.2% Chinese medicine−probiotic c
supplemented with 0.0035% chlortetracycline; commercial CPCMP, basal
basal diet supplemented with 0.2% fermented traditional Chinese medicine
(A) The enzyme activity of GSH-Px and (B) content of MDA in the serum w
5 replicates/treatment, 2 broilers/replicate). a-cMeans that do not share com
tathione peroxidase; MDA, malondialdehyde.
commercial CPCMP, or TCM group but substantially
lower (P < 0.05) than that in the blank control or probi-
otics group (Figure 2).
Inflammatory Cytokines

The IL-1b level in the CPCMP group was clearly
decreased compared with that in the blank control or
probiotics group at 42 d (P < 0.05) but was close (P >
0.05) to that in the positive control, commercial
CPCMP, or TCM group (Figure 3). Supplementation
with CPCMP distinctly decreased the content of endo-
toxin (P < 0.05) compared with the blank control, com-
mercial CPCMP, or probiotics group (Figure 3).
However, no significant difference was observed in the
IL-6 or IL-10 levels between the CPCMP group and any
other experimental group (P > 0.05, Figure 3).
idant performance of broilers at 42 d. BC, blank control, basal diet;
ompound microecological preparation; PC, positive control, basal diet
diet supplemented with 0.2% commercially available CPCMP; TCM,
s; Probiotics, basal diet supplemented with 0.2% compound probiotics.
ere determined. Results are presented as mean § standard error (n = 5;
mon letters differ significantly (P < 0.05). Abbreviations: GSH-Px, glu-



Figure 3. Effects of dietary CPCMP supplementation on the inflammatory cytokines of broilers at 42 d. BC, blank control, basal diet; CPCMP,
basal diet supplemented with 0.2% Chinese medicine−probiotic compound microecological preparation; PC, positive control, basal diet supplemented
with 0.0035% chlortetracycline; commercial CPCMP, basal diet supplemented with 0.2% commercially available CPCMP; TCM, basal diet supple-
mented with 0.2% fermented traditional Chinese medicines; Probiotics, basal diet supplemented with 0.2% compound probiotics. The contents of (A)
interleukin (IL)-1 beta (1b), (B) IL-6, and (C) IL-10 in the serum were determined by ELISA. (D) Level of endotoxin in the serum. Results are presented
as mean § standard error (n = 5; 5 replicates/treatment, 2 broilers/replicate). a-cMeans that do not share common letters differ significantly (P < 0.05).
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Antibody Levels in the Serum and Mucosa

The CPCMP group showed clearly increased sIgA lev-
els in the serum and ileal mucosa, compared with the
blank control, commercial CPCMP, TCM, or probiotics
group and with the blank control or TCM group, respec-
tively (P < 0.05, Figure 4). The serum IgG level in the
CPCMP group was also higher (P < 0.05) than that in
the blank control or probiotics group (Figure 4).
Figure 4. Effects of dietary CPCMP supplementation on the antibody le
diet; CPCMP, basal diet supplemented with 0.2% Chinese medicine−probiot
supplemented with 0.0035% chlortetracycline; commercial CPCMP, basal die
diet supplemented with 0.2% fermented traditional Chinese medicines; Probiot
of sIgA in the serum (A) and ileal mucosa (B) and IgG in the serum (C) wer
(n = 5; 5 replicates/treatment, 2 broilers/replicate). a-cMeans that do not share
Expressions of Tight Junction-Associated
Genes

The mRNA expression of OCLN in the CPCMP
group at 42 d was notably increased (P < 0.05) com-
pared with that in the blank control, positive control,
or probiotics group but was similar to that in the
commercial CPCMP or TCM group (P > 0.05,
Figure 5). The CPCMP group had the highest ZO-1
vels in the serum and mucosa of broilers at 42 d. BC, blank control, basal
ic compound microecological preparation; PC, positive control, basal diet
t supplemented with 0.2% commercially available CPCMP; TCM, basal
ics, basal diet supplemented with 0.2% compound probiotics. The contents
e determined by ELISA. Results are presented as mean § standard error
common letters differ significantly (P < 0.05).



Figure 5. Effects of dietary CPCMP supplementation on the expression levels of tight junction-associated genes of broilers at 42 d. BC, blank
control, basal diet; CPCMP, basal diet supplemented with 0.2% Chinese medicine−probiotic compound microecological preparation; PC, positive
control, basal diet supplemented with 0.0035% chlortetracycline; commercial CPCMP, basal diet supplemented with 0.2% commercially available
CPCMP; TCM, basal diet supplemented with 0.2% fermented traditional Chinese medicines; Probiotics, basal diet supplemented with 0.2% com-
pound probiotics. The mRNA expression levels of (A) OCLN and (B) ZO-1 in the jejunal mucosa were determined by qRT-PCR. Results are pre-
sented as mean § standard error (n = 5; 5 replicates/treatment, 2 broilers/replicate). a-dMeans that do not share common letters differ significantly
(P < 0.05). Abbreviations: OCLN, occludin; ZO-1, zonula occludens-1.
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mRNA expression among all the 6 groups (P < 0.05,
Figure 5).
Intestinal Microflora

As shown in Figure 6A, the rarefaction curve of the
number of operational taxonomic units (OTUs) tended
Figure 6. Effects of dietary CPCMP supplementation on the intestinal
ber of operational taxonomic units (OTUs). (B) Total OTU analysis. (C) Pr
weighted (right) UniFrac metric. (D) Principal component analysis (PCA).
supplemented with 0.2% Chinese medicine−probiotic compound microe
supplemented with 0.0035% chlortetracycline); D, commercial CPCMP grou
E, TCM group (basal diet supplemented with 0.2% fermented traditional C
0.2% compound probiotics). (n = 5; 5 replicates/treatment, 1 broiler/replica
to be flat, and the sequence number of each sample was
between 35,000 and 40,000, which indicated that the
sequencing data were reasonable and the sequencing
depth met the needs of experimental analysis.
According to the obtained abundance matrix of

OTUs, the number of OTUs in each group was calcu-
lated using R software, and the proportions of shared
microflora of broilers at 42 d. (A) Rarefaction curve analysis of the num-
incipal coordinates analysis (PCoA) based on the unweighted (left) and
A, BC (blank control) group (basal diet); B, CPCMP group (basal diet
cological preparation); C, PC (positive control) group (basal diet
p (basal diet supplemented with 0.2% commercially available CPCMP);
hinese medicines); F, Probiotics group (basal diet supplemented with

te).
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and unique OTUs were intuitively presented in the
flower figure (Figure 6B). A total of 376 shared OTUs
were observed among all groups. The unique OTUs of
the blank control, CPCMP, positive control, commercial
CPCMP, TCM, and probiotics groups were 13, 14, 12,
25, 26, and 35, respectively.

Principal component analysis (PCA) and principal
coordinates analysis (PCoA) revealed that the gut
microbiota in the CPCMP group clearly differed from
that in the blank control, positive control, commercial
CPCMP, TCM, or probiotics group (Figures 6C and
6D). The results suggested that CPCMP remarkably
altered the gut microbiota of broilers.

The histograms representing gut microbiota commu-
nity structure displayed the microbial species and rela-
tive abundances of each group. Considering the
bacterial composition at the phylum level (Figure 7A),
10 phyla were identified, including Bacteroidetes, Firmi-
cutes, unidentified Bacteria, Actinobacteria, Proteobac-
teria, Tenericutes, Synergistetes, Melainabacteria,
Verrucomicrobia, and Fusobacteria. The most abundant
phyla among all groups were Bacteroidetes and Firmi-
cutes. The relative abundances of unidentified Bacteria
and Verrucomicrobia in the CPCMP group were obvi-
ously higher than those in the blank control, positive
control, commercial CPCMP, TCM, or probiotics
group. At the class level (Figure 7B), 10 classes, such as
Bacteroidia and Clostridia, were found in all groups.
Compared with the blank control, positive control, com-
mercial CPCMP, TCM, or probiotics group, CPCMP
Figure 7. Gut microbial community structure of broilers of all group
(F) species levels. A, BC (blank control) group (basal diet); B, CPCMP grou
pound microecological preparation); C, PC (positive control) group (bas
CPCMP group (basal diet supplemented with 0.2% commercially available C
traditional Chinese medicines); F, Probiotics group (basal diet supplemen
1 broiler/replicate).
supplementation augmented the proportions of uniden-
tified Bacteria and Mollicutes and decreased the propor-
tion of Negativicutes. Similarly, sequencing data
identified 10 orders of microflora, of which Bacteroidales
and Clostridiales were the most abundant among all
groups (Figure 7C). The relative abundance of Seleno-
monadales or unidentified Mollicutes in the CPCMP
group was down- or upregulated, respectively, compared
with that of the blank control, positive control, commer-
cial CPCMP, or probiotics group. As shown in
Figure 7D, Bacteroidaceae, Rikenellaceae, Lachnospira-
ceae, and Ruminococcaceae accounted for the majority
of the 10 families of microbiota. The CPCMP group
exhibited the higher proportions of Barnesiellaceae and
Lactobacillaceae, compared with the blank control, posi-
tive control, commercial CPCMP, or probiotics group.
Campylobacteraceae was only identified in the CPCMP
group. At the genus level, Campylobacter, Lactobacillus,
and Barnesiella were more abundant in the CPCMP
group than in the blank control, positive control, com-
mercial CPCMP, or probiotics group, and the CPCMP
group had higher abundance of Olsenella than the blank
control, positive control, or commercial CPCMP group
(Figure 7E). Ten species, such as Bacteroides barnesiae
and Parabacteroides merdae, were identified in all
groups (Figure 7F). The CPCMP group had higher lev-
els of B. uniformis, B. massiliensis, Lactobacillus sali-
varius, and Coprobacter secundus compared with the
blank control, positive control, or commercial CPCMP
group. The proportion of B. uniformis or L. salivarius in
s at the (A) phylum, (B) class, (C) order, (D) family, (E) genus, and
p (basal diet supplemented with 0.2% Chinese medicine−probiotic com-
al diet supplemented with 0.0035% chlortetracycline); D, commercial
PCMP); E, TCM group (basal diet supplemented with 0.2% fermented
ted with 0.2% compound probiotics). (n = 5; 5 replicates/treatment,
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the CPCMP group was more abundant than that in the
TCM or probiotics group, respectively.
DISCUSSION

Accumulating evidence indicates that the intestinal
barrier and microflora are critical in maintaining the
host health (Xue et al., 2018; Pi et al., 2020). Many stud-
ies have shown that microecologics can effectively pro-
tect the intestinal barrier and regulate the intestinal
microbiota in animals (Li et al., 2020; Sun et al., 2020).
As a new Chinese medicine−probiotic formulation,
CPCMP can make full use of the efficacy of TCMs and
probiotics to improve livestock and poultry performance
(Liang et al., 2021). At present, many researches have
focused on the effects of fermented TCMs on the growth
performance, immune function, and meat quality of ani-
mals, such as cattle (Wang et al., 2017), pigs
(Zhou et al., 2015), ducks (Liu et al., 2017), and broilers
(Niu et al., 2017; Niu et al., 2019; Liu et al., 2020). To
our knowledge, there is a dearth of studies investigating
the influence of fermented TCMs or the compound for-
mulation of fermented TCMs and probiotics on the
intestinal barrier and microbiota of broilers
(Zhang et al., 2015; Qiao et al., 2018). In the present
work, we prepared a CPCMP composed of 5 kinds of
TCMs (Galla Chinensis, A. paniculata, Arctii Fructus,
Glycyrrhizae Radix, and S. tenuifolia) fermented by
Aspergillus niger and a kind of compound probiotics (a
mixture of L. plantarum A37 and L. plantarum MIII),
and evaluated its effects on the growth performance and
antioxidant/immune status of broilers, as well as its
influence on intestinal barrier and intestinal microflora
of broilers.

The growth performance of broilers was improved by
dietary CPCMP treatment. Its beneficial influence was
superior to that of chlortetracycline, commercial
CPCMP, TCMs, or probiotics. Moreover, the safety of
the TCMs used in CPCMP is guaranteed. Galla Chinen-
sis (Xiang et al., 2015) and A. paniculata
(Worasuttayangkurn et al., 2019; Jiang et al., 2021)
used in appropriate levels have been reported to be non-
toxic. Glycyrrhizae Radix (also called as licorice) is a
kind of TCM used both as medicine and food in China
(Jiang et al., 2020a). Its usage at the upper-limit dose
(2,000 mg/kg) and the long-term exposure to it both
failed to cause adverse effects in male rats (Shin et al.,
2008). Arctii Fructus which is the dried ripe fruit of Arc-
tium lappa L. (Xu et al., 2015) was reported to be very
safe in the assessment of toxicity of an oral administra-
tion in mice for 8 wk (Bok et al., 2017). S. tenuifolia
(also called as catnip) used as an over-the-counter drug
was found to be relatively safe (Fung and Lau, 2002;
Satomi et al., 2009; Zhu et al., 2009). Furthermore, the
additive amount of CPCMP in the basal diet (0.2%) was
low, which further ensured the safety of CPCMP.

It was shown that CPCMP had the potential to be an
ideal substitute for antibiotics in poultry production.
The results also suggested that the combined use of
probiotics and TCMs had synergistic effects. The possi-
ble explanations are as follows. On the one hand, probi-
otics have the ability to improve the bioavailability of
TCMs (Chen et al., 2016). On the other hand, TCMs
can in turn act as prebiotics to promote the growth of
probiotics (Wang et al., 2017; Liao et al., 2020).
As the main immune organs of broilers, the bursa of

Fabricius and spleen play an important role in host
immune response against various pathogenic substances
(Seidavi et al., 2017). The bursa of Fabricius, as a cen-
tral immune organ for birds, is the site for the develop-
ment and maturation of B-lymphocytes and serum-
specific antibodies which are closely associated with
humoral immunity (Laparidou et al., 2019). The spleen
is a peripheral immune organ and is the core site for
immune response initiated by lymphocytes toward anti-
gen stimulation (Pozo et al., 2009). Therefore, the indi-
ces of these 2 organs are important indicators for
evaluating the immune status of poultry. Our results
showed that the spleen and bursa indices of broilers in
the CPCMP group were increased, which indicated that
CPCMP could promote the maturation of immune
organs. The levels of serum and ileal mucosal sIgA and
serum IgG in the CPCMP group were also increased.
The improvement of these indicators may be attributed
to the fact that most TCMs contained in the prepared
CPCMP, such as A. paniculata, Arctii Fructus, Glycyr-
rhizae Radix, and S. tenuifolia, can enhance immunity
by protecting the immune system from damage and sup-
pressing the production of inflammatory cytokines
(Yue et al., 2012; Yang et al., 2019b; Zhang et al.,
2019a; Shi et al., 2020). Moreover, as a component of the
CPCMP, Lactobacillus plantarum has been reported to
show immunomodulatory properties (Vareille-
Delarbre et al., 2019; Zhang et al., 2019b).
Diets supplemented with CPCMP affected the serum

biochemical and antioxidant parameters of broilers. The
levels of serum biochemical indicators ALB and TG in
the CPCMP group were up- and downregulated, respec-
tively. The improvement of these indicators may be
attributed to the role of hydrolases in CPCMP, such as
lipases and proteases. GSH-Px is an important peroxi-
dase that balances redox status, and its activity repre-
sents the ability to scavenge peroxide. MDA is the main
product of lipid peroxidation and exhibits cytotoxicity.
Its content reflects the degree of lipid peroxidation and
body damage (Wu et al., 2015). The GSH-Px activity
and the MDA content in the CPCMP group were
increased and decreased, respectively, consistent with
previous studies (Zhao et al., 2019; Long et al., 2020).
One possible explanation for the improvement of these 2
indicators is that most TCMs contained in the CPCMP,
like Galla Chinensis, A. paniculata, Arctii Fructus, and
Glycyrrhizae Radix, have many active ingredients with
antioxidant properties, such as gallic acid, andrographo-
lide, arctigenin, and glycyrrhetinic acid (Samuel et al.,
2017; Mussard et al., 2019; Zhang et al., 2019c;
Jiang et al., 2020b). But the concrete active ingredient
or ingredients that act in the CPCMP are still unclear
and need to be dissected in a future study. Lactobacillus

https://www.geenmedical.com/article?id=25446167&type=true
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plantarum in the CPCMP has also exerted antioxidant
activity (Cui et al., 2019; Izuddin et al., 2020), which
may contribute to the antioxidant efficacy of the
CPCMP.

The VH is associated with the function of the small
intestine. A larger VH indicates a stronger ability of
the small intestine to absorb nutrients (Jiang et al.,
2019). Moreover, a high VH:CD manifests that the
small intestine has improved digestion and absorption
capacity (Jiang et al., 2019). Our results showed that
CPCMP treatment augmented VH and VH:CD of
broilers, indicating that dietary CPCMP could
improve intestinal morphology and promote nutrient
adsorption and utilization in broilers. It has been
reported that Lactobacillus plantarum could protect
the villi from pathogenic bacteria and promote the
growth of the villi (Xu et al., 2020). Probiotics may
also help boost the proliferation of crypt cells in the
small intestine (He et al., 2019). Furthermore, Galla
Chinensis, Arctii Fructus, and Glycyrrhizae Radix
contained in the CPCMP have some active ingre-
dients, such as gallic acid (Samuel et al., 2017), pec-
tin (Li et al., 2019), and glycyrrhetinic acid
(Chen et al., 2019), which can positively modulate
the intestinal morphology and function. It is specu-
lated that the aforementioned effects of CPCMP on
intestinal morphology may be related to the com-
bined action of probiotics and TCMs.

Occludin and ZO-1 are 2 important intestinal tight
junction proteins that are closely related to the resto-
ration of the intestinal barrier (Yang et al., 2017).
Occludin is crucial for the stability of intestinal tight
junction and gut barrier function (Saitou et al.,
2000), while ZO-1 is a major protein associated with
intestinal epithelial integrity and can be used as a
marker of intestinal mechanical barrier (Peng et al.,
2019). In our study, the mRNA expression levels of
OCLN and ZO-1 in the jejunum in the CPCMP
group were elevated. These results showed that die-
tary CPCMP could enhance the intestinal barrier
function of broilers, which may be associated with
the positive effect of probiotics on maintaining intes-
tinal barrier (Wang et al., 2020b). Moreover, the
inhibition of IL-1b secretion of broilers by CPCMP
may lead to the upregulated mRNA expression of
tight junction-related genes, thus preserving the
intestinal tight junction barrier to some extent
(Rawat et al., 2020). Further study is needed to elu-
cidate the detailed mechanism.

Furthermore, the cecal microflora of broilers was
determined by 16S rRNA gene sequencing. The results
of PCA and PCoA showed that CPCMP significantly
changed the diversity of gut microbiota. The intestinal
microflora community in all groups was evaluated based
on the following levels: phylum, class, order, family,
genus, and species. Our results showed that Bacteroi-
detes and Firmicutes are the dominant phyla in the
cecum of broilers, which is consistent with previous stud-
ies (Yu et al., 2019; Chang et al., 2020). The relative
abundance of Bacteroidetes or Firmicutes in the
CPCMP group was higher or lower than that in the
blank control group, respectively. The proportions of
Bacteroidetes and Firmicutes in the CPCMP group
were substantially decreased and increased, respectively,
compared with that in the positive control, commercial
CPCMP, or probiotics group. These results are inconsis-
tent with previous studies, in which researchers found
up- and downregulated proportions of Bacteroidetes
and Firmicutes with the supplementation of sodium
butyrate (Zou et al., 2019) or selenium-enriched yeast
(Yang et al., 2020), respectively. We speculate that it
may be attributed to the difference in breeding environ-
ment and the complex composition and diverse effects of
CPCMP on intestinal microbiota. Olsenella and Lacto-
bacillus are beneficial bacteria that can produce short-
chain fatty acids and have the ability to provide intesti-
nal cells with energy and protect the intestinal barrier
(Kong et al., 2019). Barnesiella is a recently discovered
genus that can use glucose to produce butyrate and iso-
butyrate, and its abundance is positively correlated with
the contents of short-chain fatty acids (Gu et al., 2019).
Our results showed that CPCMP group had the higher
relative abundances of Olsenella, Lactobacillus, and
Barnesiella than most of the other groups, which is con-
sistent with previous studies (Wu et al., 2019;
Peng et al., 2020). These results indicated that CPCMP
facilitated the growth and colonization of the intestinal
beneficial bacteria, which might be related to the
improvement of the growth performance and intestinal
health.
CONCLUSIONS

Dietary CPCMP prepared in our study could boost
the growth performance, regulate the serum parameters,
promote the immune function, improve the intestinal
morphology, enhance the intestinal barrier function,
and modulate the intestinal microflora of broilers.
CPCMP exhibited the synergistic effects of the com-
bined use of TCMs and probiotics to some extent. This
study may provide a realistic basis for the development
and application of CPCMP as a novel ideal antibiotic
substitute in the livestock and poultry industry.
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