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ABSTRACT This experiment aimed to investigate the
effect of Lonicerae flos and Turmeric extracts (LTE)
added to diets on growth performance and intestinal
health of broilers. A total of 720 healthy 21-day-old yel-
low-feathered broilers were randomly divided into 3
treatment groups, with 6 replicates and 40 broilers per
replicate. These 3 dietary treatments included a basal
diet + 0 g/t LTE (CON), a basal diet + 300 g/t LTE
(LTE300), and a basal diet + 500 g/t LTE (LTE500).
The results showed that dietary supplementation of
LTE linearly increased (P < 0.05) average daily gain (d
21−38) and average daily feed intake (d 21−60). At d
60, LTE300 had the highest serum total antioxidant
capacity and total superoxide dismutase (P < 0.05), and
LTE500 had the lowest malondialdehyde level (P <
0.05) among the three groups. Moreover, compared to
CON, LTE300 significantly (P < 0.05) reduced endo-
toxin (d 38 and d 60) and diamine oxidase activity (d
38); LTE500 significantly (P < 0.05) reduced endotoxin
(d 38 and d 60) and diamine oxidase levels (d 60) in the
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serum. LTE groups significantly (P < 0.05) increased
ileal the ratio of villus height to crypt depth and serum
immunoglobulin G. Furthermore, dietary supplementa-
tion of LTE also improved the intestinal epithelial bar-
rier by the up-regulated mRNA expression of Claudin-1,
Occludin and zonula occludens-1, and decreased the
mRNA expression of interleukin-2, interleukin-8, tumor
necrosis factor-a, nuclear factor kB, myeloid differentia-
tion factor 88 and toll-like receptor 4. Compared to
CON, 16S rRNA sequencing analysis showed that
LTE300 had a better effect on the microbial diversity
and composition in the ileum, and Bacillus and Lactoba-
cillus_agilis were significantly enriched in LTE300.
PICRUSt results showed that LTE300 was significantly
(P < 0.05) enriched in four pathway pathways at KEGG
level 2. In conclusion, dietary supplementation with
LTE improved growth performance and intestinal
health by enhancing antioxidant capacity, intestinal
barrier and immune function, and regulating intestinal
flora of yellow-feathered broilers.
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INTRODUCTION

Feed antibiotics can effectively solve many disease
problems in poultry production, but it also brings prob-
lems such as bacterial resistance, drug residues and food
safety (Sreejith et al., 2020). Therefore, the research and
development of alternative antibiotic products and tech-
nologies that are safe, reliable, stable and environmen-
tally friendly have become a hot research topic in the
animal production. Natural antibiotic alternatives
include probiotics, prebiotics, organic acids, essential
oils, enzymes, and plant extracts have positive impact
on poultry production due to their unique properties
and positive effects (Salem et al., 2023). Studies have
shown that plant extracts act as a natural feed additive
with growth promoting, antimicrobial, antioxidant and
anti-inflammatory properties (Ding et al., 2017; Abou-
Elkhair et al., 2018; Abd et al., 2020).
Lonicerae flos and Turmeric extracts (LTE) is a

novel complex plant extract with chlorogenic acid and
curcumin as its main components. Lonicerae flos is a
Chinese herbal medicine (called Shanyinhua in Chinese)
with similar pharmacological effects as Lonicerae japo-
nicae flos (called Jinyinhua in Chinese), such as antimi-
crobial, antioxidant, and growth-promoting effects (Li
et al., 2020; Li et al., 2023), and its main active ingredi-
ent is chlorogenic acid. Turmeric is a polyphenolic com-
pound that has been shown to improve growth
performance, anti-inflammatory and immunomodula-
tory effects in poultry and its main active ingredient is
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Table 1. Composition and nutrients levels of the basal diet (as-
fed basis).

Ingredient (%) Days 21−38 Days 39−60

Corn 61.90 62.90
46% soybean meal 27.50 25.00
Soybean oil 2.80 3.50
Low-gluten flour 4.00 5.00
Dicalcium phosphate 0.80 0.80
Limestone 1.50 1.35
DL-methionine 0.25 0.20
Sodium chloride 0.25 0.25
Premix1 1.00 1.00
Total 100 100
Analyzed nutrients levels
Dry matter, % 89.34 88.73
Crude protein, % 19.14 18.24
Calcium, % 0.86 0.79
Total phosphorus, % 0.64 0.59
Calculated nutrients levels
Metabolizable energy, kcal/kg 3010.00 3070.00
Available phosphorus, % 0.48 0.47
Lysine, % 1.12 1.05
Methionine, % 0.55 0.50

1The premix provided the following per kilogram of the diet: VA 6,000
IU; VD3 2,000 IU; VE 30 mg; VK3 2 mg; VB1 3 mg; VB2 5 mg; VB12 1 mg;
pantothenic acid 800 mg; choline chloride 1,500 mg; nicotinic acid 30 mg;
pyridoxine 3 mg; folic acid 500 mg; biotin 0.2 mg; Fe 100 mg; Cu 8 mg;
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curcumin (Pan et al., 2022; Aderemi et al., 2023). Stud-
ies have shown that chlorogenic acid is widely used as a
feed additive to improve growth performance and intes-
tinal health of animals (Li et al., 2010; Naveed et al.,
2018; Bagdas et al., 2020). Also, dietary addition of cur-
cumin improves growth performance, antioxidant
capacity and relieves intestinal damage in broilers
(Zhang et al., 2019a Yadav et al., 2020).

A growing body of research supports the important
role of polyphenolic plant-derived products in animal
growth and gut health (Xie et al., 2019; Zhao et al.,
2019; Guo et al., 2023). However, there is a paucity
of literature on the effects of LTE on the health of
yellow-feathered broilers. It is unclear whether the
addition of LTE enhances growth performance and
improves gut health in healthy yellow-feathered
broilers. Therefore, the aim of this study was to eval-
uate the effects of LTE addition to the diet on
growth performance, antioxidant function, and intes-
tinal barrier function of broilers, and to investigate
the possible modulatory effects of LTE on broiler
intestinal health.
Mn 100 mg; Zn 100 mg; I 0.42 mg; Se 0.3 mg.
MATERIALS AND METHODS

All experimental procedures were carried out in accor-
dance with the Chinese Guidelines for Animal Welfare
Act and were approved by the Institutional Animal
Care and Use Committee of China Agricultural Univer-
sity (permission number: AW31903202-1-2).
Lonicerae Flos and Turmeric Extracts

The Lonicerae flos and Turmeric extracts used in this
study was supplied by Beijing Centre Biology Co., Ltd.
(Beijing, China) and the active ingredients of this prod-
uct are chlorogenic acid 100 g/t and curcumin 200 g/t.
Experimental Design and Diets

A total of 720 healthy 21-day-old yellow-feathered
broilers were selected and randomly divided into 3 treat-
ment groups with 6 replicates and 40 broilers per repli-
cate. These 3 dietary treatments included a basal
diet + 0 g/t LTE (CON), a basal diet + 300 g/t LTE
(LTE300), and a basal diet + 500 g/t LTE (LTE500).
The experiment lasted for 40 d, including 21 to 38 d in
the first period and 39 to 60 d in the second period. The
basal diet was in pellet form and formulated to meet the
recommendation (NY/T33-2004) in Table 1 and all
chickens were fed with feed and water freely. Dry matter
(DM), crude protein (CP), calcium and total phospho-
rus in the diet were determined. Dry matter and CP
were determined according to GB/T 6435-2014 and
GB/T 6432-2018, respectively. Calcium and total phos-
phorus were determined according to GB/T 6436-2018
and GB/T 6437-2018. In the first 3 d, the room tempera-
ture was maintained at 34°C. And then, the room tem-
perature decreased by 3°C per week until 24°C.
Sample Collection

At 38 and 60 d of age, one broiler was randomly
selected from each replicate and blood was drawn from
the wing vein. The blood was centrifuged at 3,000 r/min
for 10 min, and the serum was separated and stored at
�20°C. Subsequently, the selected broilers were eutha-
nized by severing the jugular vein, while ileum tissues,
and content were collected, and then stored at �80°C
for further analysis.
Growth Performance

The body weight (BW) of the broilers was measured
at 21, 38, and 60 d. The growth performance of broilers
at 21 to 38 and 38 to 60 d of age was observed and
recorded. The average daily gain (ADG), average daily
feed intake (ADFI), feed conversion ratio (FCR), and
mortality rate were calculated for each group.
Immune Organ Index

The liver, spleen, and bursa of the selected birds were
removed and weighed, while the immune organ indices
were calculated as follows: relative organ
weight = organ weight (g) / live weight (kg).
Intestinal Morphology

About 1 cm of the middle of the broiler ileum was
taken, rinsed with saline, placed in 4% paraformalde-
hyde solution, then embedded in paraffin, cut into thin
slices and stained with hematoxylin and eosin (H&E)
for morphometric analyses. The villus was observed
under a light microscope (Leica DM750, Shanghai,



Table 2. Primers for RT-qPCR analysis of tissue RNA.

Gene names Primers sequence 50!30 Accession no.

Claudin-1 F: AAGTGCATGGAGGATGACCA
R: GCCACTCTGTTGCCATACCA

NM_001013611.2
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China), and villus height (VH), crypt depth (CD), and
ratio of villus height to crypt depth (VH/CD) were
measured and calculated using the microscope image
processing software (LIOO 3.7).
Occludin F: AGTTCGACACCGACCTGAAG
R: TCCTGGTATTGAGGGCTGTC

NM_205128.1

ZO-1 F: ACAGCTCATCACAGCCTCCT
R: TGAAGGGCTTACAGGAATGG

XM_015278981.1

IL-1b F: TCATCTTCTACCGCCTGGAC
R: GTAGGTGGCGATGTTGACCT

NM_204524.1

IL-2 F: GAGTGCACCCAGCAAACTCT
R: CCGGTGTGATTTAGACCCGT

NM_204153.1

IL-4 F: GTGCCCACGCTGTGCTTAC
R: AGGAAACCTCTCCCTGGATGTC

NM_001007079.1

IL-8 F: GGCTTGCTAGGGGAAATGA
R:AGCTGACTCTGACTAGGAAACTGT

NM_205498.1

TNF-a F: CCCCTACCCTGTCCCACAA
R: TGAGTACTGCGGAGGGTTCAT

NM_204267.1

TGF-b2 F: TCATCACCAGGACAGCGTTA
R: TGTGATGGAGCCATTCATGT

NM_001031045.3

NF-kB F: TGGAGAAGGCTATGCAGCTT
R: CATCCTGGACAGCAGTGAGA

NM_205134.1

MyD88 F: TGCAAGACCATGAAGAACGA
R: TCACGGCAGCAAGAGAGATT

NM_001030962.3

TLR4 F:GATGCATCCCCAGTCCGTG
R:CCAGGGTGGTGTTTGGGATT

NM_001030693

b-actin F: GAGAAATTGTGCGTGACATCA
R: CCTGAACCTCTCATTGCCA

NM_205518.1

Abbreviations: IFN-g, interferon-g; IL-1b, interleukin-1b; IL-2, inter-
leukin-2; IL-4, interleukin-4; IL-8, interleukin-8; MyD88, myeloid differen-
tiation factor 88; NF-kB, nuclear factor kB; TGF-b2, transforming growth
factor-b2; TLR4, Toll-like receptor 4; TNF-a, tumor necrosis factor-a;
ZO-1, zonula occludens-1.
Determination of Immunoglobulins,
Antioxidant Capacity, and Intestinal
Permeability

ImmunoglobulinG(IgG)andimmunoglobulinM(IgM)
levels were measured in serum using the ELISA kit for
chicken (Beijing Solarbio Science & Technology Co., Ltd.,
Beijing, China). Secretory immunoglobulin A (sIgA) level
was determined using ELISA kits (Cloud-Clone Corp.,
Wuhan, China). The serum and ileum were analyzed for
superoxide dismutase (SOD), total antioxidant capacity
(T-AOC) andmalondialdehyde (MDA) with the aid of a
spectrophotometer according to the instruction manual of
the kit (Nanjing Jiancheng Bioengineering Institute, Nanj-
ing,China).Thedeterminationofdiamineoxidase (DAO),
endotoxinandD-lacticacid(D-LA)intheserumusingcom-
mercial kits (BeijingJinhaiKecumBiotechnologyDevelop-
ment Co., Ltd., Beijing, China) in accordance with the
manufacturer’s instructions.
Tissue RNA Extraction and Real-Time
Quantitative Polymerase Chain Reaction
Analysis

The mRNA expression of immune and tight junction
genes, including zonula occludens-1 (ZO-1), Claudin-1,
Occludin, tumor necrosis factor-a (TNF-a), interferon-
g (IFN-g), transforming growth factor-b2 (TGF-b2),
interleukin-1b (IL-1b), interleukin-2 (IL-2), interleu-
kin-8 (IL-8), interleukin-4 (IL-4), nuclear factor kB
(NF-kB), myeloid differentiation factor 88 (MyD88),
and Toll-Like receptor 4 (TLR4) was determined using
real-time quantitative polymerase chain reaction (RT-
qPCR) (ABI 7500, Thermo Fisher Scientific, Waltham,
MA). Total mRNA was extracted from broiler ileal tis-
sues at 60 d of age using an RNA extraction kit
(TaKaRa, Shiga, Japan) according to the operating
instructions, and the purity and quantification were
detected using a NanoDrop 1000 Ultra-Micro Spectro-
photometer. One microliter of total mRNA was taken,
and cDNA was synthesized using a reverse transcription
kit (TaKaRa, Shiga, Japan). cDNA was synthesized
using a real-time fluorescence quantitative PCR amplifi-
cation system of 20.0 mL, which included: SYBR Premix
Ex TaqTM 10.0 mL, upstream and downstream primers
of 0.5 mL each, 1.0 mL of cDNA, and ddH2O of 8.0 mL.
The PCR program was 95°C, pre-denaturation 30 s, and
95°C. The PCR reaction program was 95°C, pre-dena-
turation for 30 s; 95°C denaturation for 5 s, 60°C anneal-
ing for 30 s, a total of 40 cycles. The relative expression
of mRNA of target gene was calculated by 2�DDCt

method using b-actin as the internal reference gene. The
primer information is shown in Table 2.
Ileal Microbiota Analysis

Ond 60, one chicken per replicate was randomly selected,
weighed, and the contents were collected from the ileum
and stored at �80°C for subsequent microbiological analy-
sis. Microbiota genomic DNA was extracted from the ileal
contents of broilers from the CON and LTE300 groups
using the FastDNA Spin Kit for Soil (MP Biomedicals,
Southern California, CA) according to the instructions.
After completion of genomicDNA extraction, the extracted
genomic DNA was detected using 1% agarose gel electro-
phoresis. The V3 to V4 region of the bacterial 16S rRNA
gene was amplified by PCR. The PCR amplification prod-
ucts were extracted from a 2% agarose gel and purified
using the AxyPrep DNA Gel Extraction Kit (AXYGEN,
New York, NY) according to the manufacturer’s instruc-
tions. After quantitative purification, sequencing was per-
formed using the Nextseq 2000 PE300 platform from
Majorbio Bio-Pharm Technology Co Ltd (Shanghai,
China). The original sequences were screened and clustered
into operational taxonomic units (OTU) with 97% similar-
ity by QIIME software (version 1.9.1). Finally, data were
analyzed by the online Majorbio cloud platform (www.
majorbio.com), including a, b diversity, Venn plots, princi-
pal coordinate analysis (PCoA), partial least squares dis-
criminant analysis (PLS-DA), Linear discriminant
analysis effect size (LEfSe) andPICRUSt analyses.
Statistical Analysis

Data were analyzed preliminarily by Excel and one-
way analysis of variance (ANOVA) using SPSS 20.0
statistical software. The linear and quadratic effects of



Table 3. Effect of Lonicerae flos and Turmeric extracts on the growth performance in broilers.

Items CON LTE300 LTE500 SEM P value

ANOVA Linear Quadratic

Body weight, g
Day 21 293.33 293.75 290.42 0.857 0.234 0.212 0.240
Day 38 744.58 753.46 776.90 6.332 0.085 0.035 0.535
Day 60 1790.70 1826.03 1855.68 11.793 0.062 0.022 0.892
21−38 d
ADFI (g/d) 60.34 60.34 62.39 0.549 0.228 0.140 0.373
ADG (g/d) 24.61 25.02 25.63 0.335 0.495 0.252 0.892
FCR 2.45 2.41 2.44 0.018 0.702 0.717 0.459
Mortality rate (%) 0.63 0.00 0.00 0.208 0.405 0.252 0.497
39−60 d
ADFI (g/d) 115.68 115.81 118.15 0.803 0.404 0.240 0.533
ADG (g/d) 47.71 48.98 49.32 0.352 0.139 0.064 0.498
FCR 2.43 2.37 2.39 0.018 0.418 0.458 0.279
Mortality rate (%) 1.28 1.28 1.28 0.386 1.000 1.000 1.000
21−60 d
ADFI (g/d) 90.78 90.85 93.06 0.604 0.228 0.134 0.397
ADG (g/d) 37.45b 38.31ab 39.11a 0.291 0.048 0.016 0.958
FCR 2.43 2.37 2.38 0.013 0.242 0.181 0.294
Mortality rate (%) 1.88 1.25 1.25 0.372 0.767 0.538 0.720

Abbreviations: ADFI, average daily feed intake; ADG, average daily gain; BW, body weight; CON, control group, basal diet; FCR, feed conversion
ratio; LTE300, basal diet supplemented with 300 g/t LTE; LTE500, basal diet supplemented with 500 g/t LTE.

a,bMeans within a row with different superscripts differ significantly (P < 0.05).
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adding LTE were determined using polynomial con-
trasts. Duncan’s multiple comparison test was used to
analyze the differences between groups. P < 0.05 was
used as the criterion for determining significant differen-
ces. Graphics were then visualized using GraphPad
prism 9.0 (GraphPad Software Inc., San Diego, CA).
RESULTS

Growth Performance

The effects of LTE on the growth performance of
broilers are presented in Table 3. The ADG of broilers
during the overall period (21−60 d) linearly increased
with increasing LTE levels (P < 0.05). Also, there is a
potential linear trend of increase in BW at LTE levels
on d 38 and d 60 (0.05 < P < 0.1).
Organ Index

The effects of LTE on the relative organ weight in
broilers are shown in Table 4. On 60 d, the liver index
Table 4. Effect of Lonicerae flos and Turmeric extracts on the relativ

Items CON LTE300 LTE500

38 d
Liver index (g/kg) 35.97 37.26 38.01
Spleen index (g/kg) 1.54 1.68 1.49
Bursal index (g/kg) 3.11 2.98 3.71
60 d
Liver index (g/kg) 26.06b 29.71a 25.18b

Spleen index (g/kg) 1.10b 1.19ab 1.42a

Bursal index (g/kg) 2.07 2.07 1.98

Abbreviations: CON, control group, basal diet; LTE300, basal diet supplem
LTE.

a,bMeans within a row with different superscripts differ significantly (P < 0.0
was quadratically increased by LTE levels (P < 0.05);
moreover, the spleen index was linearly affected by LTE
levels (P < 0.05).
Antioxidant Capacity in Serum and Ileum

The effects of LTE on the antioxidant capacity of 60-
day-old broilers are shown in Table 5. Dietary supple-
mentation improved the antioxidant capacity of 60-day-
old broilers to a certain extent. LTE levels linearly
affected T-AOC and SOD levels in serum at d 60,
300 g/t LTE had the highest T-AOC and SOD activity
(P < 0.05). In addition, SOD quadratically increased
and MDA level linearly decreased with increasing LTE
levels (P < 0.05).
Intestinal Permeability

The effects of LTE on the intestinal permeability of
broilers are summarized in Table 6. Compared with the
CON group, the addition of 300 g/t LTE to the diet
e organ weight in broilers.

SEM

P value

ANOVA Linear Quadratic

0.474 0.224 0.091 0.949
0.094 0.724 1.000 0.431
0.187 0.223 0.221 0.212

0.822 0.044 0.848 0.014
0.055 0.036 0.016 0.338
0.093 0.923 0.749 0.820

ented with 300 g/t LTE; LTE500, basal diet supplemented with 500 g/t

5).



Table 5. Effect of Lonicerae flos and Turmeric extracts on antioxidant capacity of 60-day-old broilers.

Items CON LTE300 LTE500 SEM

P value

ANOVA Linear Quadratic

Serum
T-AOC (U/mL) 9.30b 10.33a 10.21ab 0.199 0.050 0.024 0.319
SOD (U/mL) 158.12b 169.69a 163.28ab 1.644 0.022 0.043 0.038
MDA (nmol/mL) 4.58 4.04 4.18 0.109 0.087 0.056 0.245
Ileum
T-AOC (mmol/g prot) 0.18 0.21 0.18 0.006 0.069 0.994 0.024
SOD (U/mg prot) 19.99b 22.65a 21.58ab 0.442 0.032 0.060 0.046
MDA (nmol/mg prot) 2.38a 2.01ab 1.45b 0.154 0.038 0.014 0.514

Abbreviations: CON, control group, basal diet; LTE300, basal diet supplemented with 300 g/t LTE; LTE500, basal diet supplemented with 500 g/t
LTE; MDA, malondialdehyde; SOD, superoxide dismutase; T-AOC, total antioxidant capacity.

a,bMeans within a row with different superscripts differ significantly (P < 0.05).

Table 6. Effect of Lonicerae flos and Turmeric extracts on intestinal permeability in broilers.

Items CON LTE300 LTE500 SEM

P value

ANOVA Linear Quadratic

38 d
Endotoxin (EU/L) 11.15a 10.16b 10.45b 0.156 0.014 0.018 0.044
DAO (ng/mL) 4.00a 3.42b 3.87ab 0.106 0.048 0.495 0.019
D-LA (nmol/L) 7.20 6.60 7.04 0.121 0.094 0.408 0.044
60 d
Endotoxin (EU/L) 10.11a 9.45b 8.90b 0.172 0.002 0.001 0.773
DAO (ng/mL) 3.53a 3.26ab 2.87b 0.102 0.016 0.006 0.448
D-LA (nmol/L) 6.52 6.06 6.03 0.099 0.066 0.030 0.379

Abbreviations: CON, control group, basal diet; DAO, diamine oxidase; D-LA, D-lactic acid; LTE300, basal diet supplemented with 300 g/t LTE;
LTE500, basal diet supplemented with 500 g/t LTE.

a,bMeans within a row with different superscripts differ significantly (P < 0.05).
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significantly reduced endotoxin level (P < 0.05). And
LTE levels quadratically reduced DAO activity at d 38
(P < 0.05). At d 60, LTE levels linearly reduced endo-
toxin and DAO levels (P < 0.05).
Immune Function

The effects of LTE on immune function of broilers are
shown in Figure 1. Compared with the CON group, the
Figure 1. Effect of Lonicerae flos and Turmeric extracts on ileum ba
(IgG); immunoglobulin M (IgM); (B) secretory immunoglobulin A (sIgA);
interleukin-1b (IL-1b); interleukin-2 (IL-2); interleukin-8 (IL-8); (E) nuclea
Like receptor 4 (TLR4); (F) interferon-g (IFN-g); transforming growth fac
g/IL-4); CON, control group, basal diet; LTE300, basal diet supplemented w
Asterisk indicates a significant difference from the control group, *P < 0.05,
serum IgG level and ileal mucosa sIgA level in LTE500
group were significantly increased (P < 0.05, Figures 1A
and 1B); the serum IgG level in LTE300 group was also
significantly increased (P < 0.05, Figure 1A).
Ileum Morphology

The effects of LTE on intestinal morphology in
broilers are shown in Table 7. At 38 d of age, both
rrier and immune function in broilers (n = 6). (A) immunoglobulin G
(C) Claudin-1, Occludin, ZO-1; (D) tumor necrosis factor-a (TNF-a);
r factor kB (NF-kB); myeloid differentiation factor 88 (MyD88); Toll-
tor-b2 (TGF-b2); interleukin-4 (IL-4); the ratio of IFN-g to IL-4 (IFN-
ith 300 g/t LTE; LTE500, basal diet supplemented with 500 g/t LTE.

** P < 0.01 (n = 6).



Table 7. Effect of Lonicerae flos and Turmeric extracts on intestinal morphology in broilers.

Items CON LTE300 LTE500 SEM

P value

ANOVA Linear Quadratic

38 d
VH (mm) 800.00 846.13 879.63 15.408 0.060 0.020 0.959
CD (mm) 127.00a 101.75b 107.14b 3.268 <0.001 <0.001 0.005
VH/CD 6.34b 8.18a 8.21a 0.269 <0.001 <0.001 0.024
60 d
VH (mm) 918.78b 1126.74a 1073.31ab 36.777 0.036 0.035 0.087
CD (mm) 107.83 108.98 119.94 3.783 0.390 0.249 0.466
VH/CD 8.58b 10.58a 8.59b 0.345 0.020 0.337 0.008

Abbreviations: CD, crypt depth; CON, control group, basal diet; LTE300, basal diet supplemented with 300 g/t LTE; LTE500, basal diet supple-
mented with 500 g/t LTE; VH, villus height; VH/CD, the ratio of villus height to crypt depth.

a,bMeans within a row with different superscripts differ significantly (P < 0.05).
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dietary additive levels of LTE significantly decreased the
CD (P < 0.001) and significantly increased the VH/CD
of ileum (P < 0.05). At 60 d of age, LTE levels linearly
increased the VH of ileum and quadratically increased
the VH/CD of ileum (P < 0.05).
Ileum Tight-Junction and Immune-Related
Factors

The effects of LTE on ileal barrier-related and immu-
nity genes in broilers are shown in Figure 1. The addi-
tion of 300 g/t LTE to the diet significantly increased
the expression levels of Claudin-1, ZO-1 genes (P <
0.05), and the addition of 500 g/t LTE to the diet signifi-
cantly increased the expression levels of Occludin, ZO-1
genes (P < 0.05, Figure 1C). Therefore, our data showed
that LTE up-regulated the expression level of genes such
as tight junction and improved the intestinal barrier
function. Dietary addition of LTE significantly
decreased the expression levels of IL-2, IL-8, TNF-a pro-
inflammatory genes (P < 0.05, Figure 1D), and there
Figure 2. Effect of dietary addition of Lonicerae flos and Turmeric extr
diagram between treatments on OTUs level. (B and C) Principal coordinat
DA) of ileal microbiota on OTU level. (D−G) Alpha diversity at the OTU le
mented with 300 g/t LTE; LTE500, basal diet supplemented with 500 g/t L
was a trend of decreasing IFN-g in LTE500 group
(P = 0.056, Figure 1F). And the addition of 300 g/t of
LTE to the diet decreased the expression levels of
TLR4, NF-kB, and MyD88 gene expression levels (0.05
< P < 0.1, Figure 1E).
Ileal Microbiota Diversity

Broilers fed 300 g/t diet of LTE showed better growth
performance, antioxidant capacity, immune function,
ileal morphology and barrier function. Therefore, the
effect of LTE300 group on intestinal flora was further
investigated in this experiment. The results of this study
showed that LTE300 had a tendency to increase the Ace
(P = 0.095) and Chao (P = 0.095) indices compared
with the CON group, and the bacterial richness was
improved by the treatment (Figures 2D and 2G). The
Venn diagrams showed that the CON and LTE300
groups contained 262 common OTUs on d 60, in addi-
tion, LTE300 group contained 143 unique OTUs, 72
more than the CON group (Figure 2A). PCoA and PLS-
acts on microbiota diversity and composition of broiler ileum. (A) Venn
e analysis (PCoA) and partial least squares discriminant analysis (PLS-
vel (n = 6). CON, control group, basal diet; LTE300, basal diet supple-
TE (n = 6).



Figure 3. Effect of dietary addition of Lonicerae flos and Turmeric extracts on the ileal microbiota at the phylum and genus levels. (A and B)
Percentage of community abundance of ileal microbiota at phylum and genus levels. (C and D) significantly different bacteria at the genus and spe-
cies levels in the LTE300 compared to the CON group. (E) LDA effect size (LEfSe) analysis from phylum level to genus level (LDA score 2.0). CON,
control group, basal diet; LTE300, basal diet supplemented with 300 g/t LTE. Asterisk indicates a significant difference from the control group, *P
< 0.05 (n = 6).
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DA calculations showed that the samples from the treat-
ment and control groups showed potential trend of dis-
crimination (Figures 2B and 2C).

At the phylum level, ileal microbiota were mainly
composed of Firmicutes and Actinobacterioa; at the
genus level, Lactobacillus, Ligilactobacillus, Limosilac-
tobacillus, Corynebacterium were the major ileal genera
(Figures 3A and 3B). In addition, dietary addition of
300 g/t of LTE significantly increased the relative abun-
dance of Bacillus (P < 0.05, Figure 3C); further analysis
revealed that the relative abundance of Lactobacillus_a-
gilis was significantly higher in LTE300 group than in
the CON group (P < 0.05, Figure 3D).

Biomarkers that were statistically different between
the CON and LTE300 groups were identified by linear
discriminant analysis (LEfSe analysis). Five biomarkers
from the gate level to the genus level were identified by
LEfSe analysis (LDA threshold of 2, Figure 3E), and
Bacillus and UCG_005 were enriched as biomarkers in
LTE300 compared with the CON group at the genus
level.
Figure 4. Differences in the KEGG pathway at level 2 of the ileal micro
with 300 g/t LTE (n = 6).
Predicting the Function of Intestinal Bacteria

To predict functional alterations of microbes in the
ileum, PICRUSt showed significant functional gene dif-
ferences between LTE300 and the CON group
(Figure 4). In this experiment, we obtained a total of 46
KEGG pathways at the level 2. Among them, four path-
ways with significant differences (P < 0.05) were found
between LTE300 and CON groups, namely immune sys-
tem, immune disease, lipid metabolism and biosynthesis
of other secondary metabolites.
DISCUSSION

As novel feed additives, chlorogenic acid and curcu-
min possess anti-inflammatory, antibacterial, antiviral,
antioxidant, and immunomodulatory effects (Naveed et
al., 2018; Bagdas et al., 2020; Yadav et al., 2020). Sev-
eral previous studies have shown that chlorogenic acid
contributes to the ability to prevent disease, minimize
environmental stress, control glucose and lipid
biota. CON, control group, basal diet; LTE300, basal diet supplemented
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metabolism, and the growth performance of animals (Lu
et al., 2020; Miao and Xiang, 2020; Sranujit et al., 2021).
Hafez et al., 2022 showed that broilers supplemented
with 200 g/t curcumin exhibited better ADG and FCR.
In addition, Zhao et al. (2019) demonstrated that the
addition of 1,000 g/t chlorogenic acid to the diet could
alleviate the adverse effects of heat stress on the growth
performance in broilers. In this study, our results are
partially consistent with previous findings in broilers,
which showed broilers fed LTE linearly increased ADG
during the full growth period, and there is a potential
linear trend of increase in BW at LTE levels on d 38 and
d 60. The dose, method and environmental conditions of
the extracts in this trial influenced the differences
between these studies. Therefore, the composition and
dosage of additives should be considered in practical
poultry production.

Liver, spleen, and bursa are important immune organs
of broilers. At the later stage of broilers, compared to the
CON group, the liver index in LTE300 was higher as
well as the spleen index in LTE500. We hypothesized
that this may be due to the fact that broilers adapted to
the LTE in the diets as they matured in terms of growth
and development.

There is a certain dynamic balance of free radicals in
animals, and an excess or deficiency of free radicals can
disrupt the dynamic balance. The addition of chloro-
genic acid can eliminate the activity of hydroxyl radicals
or stimulate the antioxidant capacity by affecting the
signaling pathway, thus exerting antioxidant effects
(To�sovi�c et al., 2017). Studies have shown that dietary
chlorogenic acid supplementation improves the free radi-
cal scavenging ability, protects the integrity of the intes-
tinal mucosa, increases the antioxidant capacity and the
growth performance (Chen et al., 2022). Injecting 4 mg
chlorogenic acid into eggs also enhanced the antioxidant
capacity of the intestinal tract of broilers (Pan et al.,
2023). In this study, we examined oxidative products
and important antioxidant enzymes in serum and intes-
tine. SOD, a metalloenzyme, is one of the most potent
antioxidant enzymes, effectively balancing the oxidative
and antioxidant levels of the organism, and is the first
line of defense for living cells against reactive oxygen
species. LTE300 group significantly increased the serum
levels of T-AOC, SOD, and the ileal SOD content;
LTE500 group significantly reduced the ileal MDA con-
tent on 60 d. This is consistent with previous findings
that addition of 500 or 1,000 g/t chlorogenic acid to the
diet had an ameliorating effect on serum SOD activity
and MDA concentration in broilers (Zha et al., 2023).
Based on the above results, we speculated that feeding
LTE can modulate the antioxidant capacity in broilers
by enhancing the activity of the antioxidant enzymes.

As is well known, the gut is an important place to
digest and absorb nutrients. In the maturation of the
digestive tract, an increase in VH, a shallower CD, and
an increase in VH/CD indicate a crucial role in the
digestive and absorptive function and in the intestinal
mucosal structure (Yamauchi et al., 2010). Studies have
shown that treatment with chlorogenic acid increased
intestinal VH and CD and increased intestinal area
expansion in mice compared to control group (Qin et al.,
2023). Dietary chlorogenic acid and curcumin supple-
mentation both increased VH/CD in broilers after lipo-
polysaccharide infection (Zhang et al., 2021a; Tan et al.,
2023). The results we obtained were LTE groups
reduced the ileal CD and increased VH/CD, the additive
leads to a well-developed gut and enhances the digestive
and absorptive capacity of broilers at maturity.
Blood and intestinal parameters are important indica-

tors that respond to the physiological state of the ani-
mal. Among them, the change of intestinal mucosal
permeability can accurately reflect the degree of intesti-
nal mucosal damage, which is an important indicator to
monitor the intestinal barrier function (Duangnumsa-
wang et al., 2021). This can be reflected by DAO, D-LA
and endotoxin indicators (Dieryck et al., 2022; Zhang et
al., 2022). In the present study, LTE supplementation
improved the intestinal mucosal permeability of broilers
by decreasing endotoxin and DAO levels. Tight junc-
tions play a crucial role in maintaining normal intestinal
function, and their damage can disrupt the barrier struc-
ture, thereby increasing intestinal permeability (Zhao et
al., 2021). In this experiment, the effect of LTE on ileal
barrier function and immune-related genes in broilers
was further investigated. Dietary LTE at 300 g/t up-reg-
ulated the expression levels of Claudin-1 and ZO-1; at
500 g/t up-regulated the expression levels of Occludin
and ZO-1. Hence, these results suggest that LTE up-reg-
ulates the expression level of genes such as tight junction
protein, which improves the intestinal barrier function
in broilers and is consistent with growth performance.
Cytokines are one of the key indicators of immunity,

which are divided into two categories: Th1-type and
Th2-type. Moderate expression of Th1-type factors (e.
g., IFN-g, IL-2, and TNF-a) stimulates the maturation
of the immune system, and once over-expressed, they
cause inflammatory reactions (Smith and Humphries,
2009); Th2-type factors (e.g., IL-4 and IL-10) are gener-
ally anti-inflammatory factors, and their moderate
expression suppresses inflammatory reactions, but their
excessive expression tends to cause immunosuppression
(O’Garra and Vieira, 2007). Synergistic expression
among cytokines maintains the immune homeostasis.
IFN-g/IL-4 has been used as one of the indicators of the
immune homeostasis (Koarada et al., 2002). Research
evidence has shown that chlorogenic acid increases the
expression levels of immune factors such as IL-2 and
IFN-g in mice and promotes the activation and prolifer-
ation of T cells, macrophages and natural killer cells
(Wu et al., 2004). In this study, we found that dietary
LTE reduced the expression levels of IL-2, IL-8, TNF-a,
and there was a trend to reduce IFN-g in LTE500 group,
but LTE had no effect on IFN-g/IL-4. This suggests
that broilers fed diets containing LTE can inhibit the
expression of pro-inflammatory factors and improve the
intestinal immune function. While chlorogenic acid itself
has an immunostimulatory effect can promote the devel-
opment of immune system by stimulating the secretion
of IFN-g from Th1-type cytokines; urcumin and
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chlorogenic acid both can regulate immune homeostasis
by modulating the NF-kB signaling pathway, which in
turn regulates the secretion of pro-inflammatory factors
(Wang et al., 2019; Jin et al., 2021; Li et al., 2021). The
classical inflammatory signaling pathway of TLR4/
MyD88/NF-kB was analyzed in this study. The results
showed that dietary 300 g/t LTE had a tendency to
reduce the expression of TLR4, NF-kB, and MyD88,
suggesting that extracts may reduce the expression level
of pro-inflammatory cytokines through the TLR4/
MyD88/NF-kB signaling pathway.

In addition, chlorogenic acid may also enhance the
immune system of animals and protect them from dis-
ease infections, which require immunoglobulins to regu-
late immune function (Chen et al., 2018). In this
experiment, serum IgG level and ileal mucosal sIgA level
were significantly increased in broilers of LTE500 group
compared to the CON group; serum IgG levels were also
increased in broilers of LTE300 group. This increased
immunoglobulins could stimulate complementary com-
ponents to enhance specific immune mechanisms in
poultry, thus protecting them from infections. Among
them, the secretion of sIgA is regulated by the amount
and type of microbiota in the intestinal, which prevents
pathogens from colonizing the intestinal mucosa, and is
the main immune barrier to maintain the homeostasis of
the commensal microbiota (Papp et al., 2013).

Gut microbiota is not only involved in regulating the
absorption and transport of nutrients, but also in modu-
lating the immune function of the gut (Abd et al., 2022).
The abundance and diversity of the gut microbiota are a
reliable indicator of host health (Chen et al., 2017).
Alpha diversity analysis refers to the diversity of a par-
ticular ecosystem, and the community diversity and
richness indices are commonly used to respond to the
species and structural diversity of the microbiota (Wag-
ner et al., 2018; Magurran, 2021). Previous studies have
shown that the addition of chlorogenic acid to broiler
diets not only significantly altered the intestinal struc-
ture, but also increased the alpha diversity of cecum
microorganisms and decreased the relative abundance of
Firmicutes and Proteobacteria (Chen et al., 2019);
moreover, dietary addition of 300 g/t curcumin
increased Enterococcus and decreased unclassified_-
f_Ruminococcaceae and Alistipes abundances (Ruan et
al., 2022). Feed supplementation with curcumin
increased the abundance of Faecalibacterium prausnitzii
associated with anti-inflammatory properties in the
cecum of chickens (Zhang et al., 2021a). In the present
study, dietary addition of 300 g/t LTE improved the
abundance of gut microbiota. Changes in microbiota
composition were also observed in broilers treated with
this extracts. At the phylum level, the dominant ileal
phylum in this test consisted of Firmicutes and Actino-
bacteria. Some studies showed that Firmicutes, Teneri-
cutes, Bacteroidetes, Proteobacteria, and
Actinobacteria were the major bacterial in broilers; and
both Firmicutes and Tenericutes in the intestine were
are strongly associated with performance in poultry
(Wei et al., 2013; Singh et al., 2014), and play an
important role in polysaccharide catabolism and subse-
quent production of short-chain fatty acids (Postler and
Ghosh, 2017). Our findings showed that at the genus
level, LTE300 group contained a high level of Bacillus.
Probiotics of the Bacillus (e.g., Bacillus subtilis, Bacillus
licheniformis, Bacillus coagulans) are widely used in
poultry production as antibiotic alternatives to enhance
growth performance, immunity, and improve intestinal
health (Grant et al., 2018; Abd et al., 2020; Buiatte et
al., 2023).
Further analysis revealed that Lactobacillus had high

abundance in LTE300 group, and the relative abun-
dance of Lactobacillus_agilis was significantly higher
than that of the control. Lactobacillus is the major bac-
terial taxon found in crop, stomach, duodenum, and
ileum (Bindari and Gerber, 2022). Studies have shown
that chlorogenic acid can modulate the intestinal micro-
biota to increase the diversity. Compared to the CON,
the intestinal tract of broilers after dietary addition of
chlorogenic acid was enriched with Lactobacillaceae,
Lactobacillus, and Lactobacillales, which play an impor-
tant role in maintaining the health (Teixeira et al., 2021;
Zhang et al., 2021b; Liu et al., 2023a). Chen and Yu et
al. (2020) showed that the proportion of Lactobacillus
was positively correlated with ADFI results in broilers.
In addition, Liu et al., 2023b; Liu et al., 2023a showed
that increased abundance of Lactobacillus was also asso-
ciated with improved growth performance, immunity
and antioxidant capacity in yellow-feathered broilers. In
mouse fecal microorganisms, chlorogenic acid mitigated
the decrease in microbiota diversity, up-regulated the
relative abundance of Lactobacillus and attenuated dex-
tran sulfate-induced colon damage (Zhang et al.,
2019b).
PICRUSt can predict unobserved characteristics from

phylogenetic information of organisms in the community
(Langille et al., 2013; Douglas et al., 2018). The results
showed that the addition of 300 g/t of LTE to the diet
showed significant differences in four pathways, namely
immune system, immune disease, lipid metabolism and
biosynthesis of other secondary metabolites in the ileal
microbiota of broilers. The four pathways indirectly
reflect the involvement of ileal microbiota in intestinal
immunity and nutrient digestion and absorption in
broilers. Previous studies have shown that chlorogenic
acid can affect lipid metabolism in diabetic mice by regu-
lating fatty acid oxidation and transport as well as tri-
glyceride catabolism and synthesis; also chlorogenic acid
restored the abundance of Lactobacillus in the cecum of
mice and improved bacterial diversity (Yan et al., 2022).
In the present study, we found that treatment with
extracts significantly increased the biosynthetic path-
ways of lipid metabolism and other secondary metabo-
lites as well as the relative abundance of Lactobacillus
and was associated with improved growth performance
and intestinal health in broilers. Gut environmental fac-
tors, including nutrition and microbiota, play an impor-
tant role in controlling immune responses and
maintaining homeostasis, and that gut microbiota
metabolize dietary lipids that can modulate immune
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system (Saika et al., 2019). The gut microbiota can both
transform and synthesize lipids and catabolize dietary
lipids to produce secondary metabolites with host-regu-
latory properties (Brown et al., 2023). It is evident that
the addition of LTE may improve growth performance
and immune function of broilers by regulating the ileal
microbiota, which may be associated with improved
intestinal health.
CONCLUSIONS

In conclusion, dietary supplementation with Loni-
cerae flos and Turmeric extracts improved the growth
performance and intestinal health of yellow-feathered
broilers by enhancing antioxidant capacity and immune
function, improving intestinal morphology and barrier
function. Also LTE regulated intestinal flora may be
associated with increasing the abundance of Bacillus
and Lactobacillus. Considering the cost and the efficacy
of LTE, an inclusion level of 300 g/t LTE in broilers
diets is recommended.
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