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Highlights

1) Exploring the growth promotion reasons of ursolic acid in broilers.

2) Ursolic acid improved the morphological structure of the jejunum in broilers.
3) Ursolic acid improved physical barrier function of the jejunum and ileum.

4) Ursolic acid regulated structural composition of cecal microbiota in broilers.

5) Ursolic acid promotes broiler growth by maintaining intestinal health.

Abstract

Previous studies have shown that adding 450 mg/kg ursolic acid (UA) can improve the
growth performance of broilers. However, the specific mechanism is still unclear.
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Therefore, the purpose of this study was to further explore whether UA promotes the
growth of broilers by affecting the intestinal environment of broilers. We randomly
divided 120 broilers with similar body weight (46.53 £ 0.05 g) into 2 groups. Each group
had six replicates, with 10 broilers per replicate. The broilers were fed either the corn-
soybean meal basal diet (CON group) or the corn-soybean meal basal diet
supplemented with 450 mg/kg UA (UA group). This study lasted 42 days. Adding UA
increased the daily weight gain and feed conversion ratio of broilers (P < 0.05). The UA
group exhibited reduced aspartate aminotransferase, total cholesterol, interleukin 6 and
interleukin 1, and triacylglycerol levels, with increased interleukin 10 and high-density
lipoprotein cholesterol in serum (P < 0.05). The UA supplementation improved total
antioxidant capacity, total superoxide dismutase, and glutathione peroxidase activity in
serum (P < 0.05), and increased these levels in the jejunum (P < 0.05). It reduced
malondialdehyde concentration in the jejunum and ileum (P < 0.05), improved jejunal
morphology by increasing villus height and villus-to-crypt ratio, and decreased crypt
depth (P < 0.05). Gene expression of zona occludens 1 and Claudin-1 was higher,
while interleukin 6 was lower in the UA group (P < 0.05). Additionally, interleukin 10
gene expression in jejunal mucosa was higher (P < 0.05). Significant differences were
observed in the abundance of Bacteroides, proteobacteria, and desulfurization bacteria
(P < 0.05), with higher Barnesiella and Clostridia_UCG-014, and lower Romboutsia in
the UA group (P < 0.05). Barnesiella negatively correlated with interleukin 6, interleukin
1, and triacylglycerol, but positively correlated with interleukin 10 (P < 0.05). In
conclusion, adding 450 mg/kg UA to broiler feed can improve serum and jejunal
antioxidant capacity, reduce jejunal and ileal inflammation, improve jejunal morphology,
and regulate cecal microbiota structure composition, promoting broiler growth.

Keywords: ursolic acid, oxidative stress, inflammation, intestinal morphology, intestinal
microorganism

Implications

Prior research indicated that adding 450 mg/kg of ursolic acid in broiler feed boosts
growth, yet the mechanism was unknown. We explore the reasons for its growth
promotion. Our study found that adding 450 mg/kg ursolic acid to broiler feed improves
serum and jejunal antioxidant levels, lessens inflammation in the jejunum and ileum,
improves jejunal structure, and adjusts the composition of cecal microbiota, thereby
promoting growth. These results clarify the primary cause of ursolic acid's growth-
promoting effect on broilers. However, the key regulatory targets of ursolic acid in
promoting broiler growth still need further study.



Introduction

Commercial broiler production has developed rapidly in the poultry industry due to
its advantages including fast slaughter, fresh meat, and a high feed conversion ratio
(Deng et al., 2023). However, adverse stimulation of microbial infection, high-density-
feeding, and heat stress lead to poor growth and intestinal health of broilers (Liu et al.,
2023). Guo et al. (2023) reported that substances with antioxidant, anti-inflammatory,
and bacteriostatic properties can effectively improve the growth performance and
intestinal health of broilers. With the prohibition of antibiotics, plant extracts with
antioxidant, anti-inflammatory, and bacteriostatic effects are accepted by farmers and
consumers because, in addition to promoting animal growth, they have non-toxic side
effects, no residues, and do not cause pollution (Latek et al., 2022).

Ursolic acid (UA) a pentacyclic triterpenoid compound, is insoluble in water and
soluble in ethanol and has a special smell. It naturally occurs in food products such as
apples, flowering quince, as well as in more than 120 plant species such as Rosemary
herb and Hedyotis diffusa (Karthik et al., 2023; Wang et al., 2018). Zhao et al. (2019)
found that administration of 100 mg/Kg UA to acute kidney injury model mice by tube
feeding can significantly reduce the secretion of tumor necrosis factor a, interleukin 6
and interleukin 1B, block TLR4/MyD88 signaling pathway in LPS-stimulated
macrophage model, enhance macrophage autophagy, and exert anti-inflammatory
properties. Fu et al. (2023) found that intragastric administration of 100 mg/kg UA in an
experimental autoimmune myocarditis mouse model can reduce oxidative stress level
(lower ROS level) and alleviate oxidative damage in experimental autoimmune
myocarditis by up-regulating Nrf2/HO-1 signaling pathway. It can be seen that UA has
significant anti-oxidant and anti-inflammatory properties. Kang et al. (2022) study has
shown that adding 450 mg/kg UA can improve the production performance of broilers.
However, the specific mechanism is still unclear.

Zhang et al. (2019) found that UA could reduce intestinal inflammation, relieve
intestinal oxidative stress, and reduce intestinal permeability in mouse models. Tian et
al. (2023) showed that UA could regulate the intestinal microbiota structure of mice
induced by high-fat, mainly manifested as the increase in the genera of Lactobacillus
and Akkermansia after UA intervention. In modern poultry breeding enterprises,
commercial broilers can easily suffer from intestinal oxidative stress, intestinal
inflammation, and intestinal microbiota imbalance under the adverse stimulation
(microbial infection, high-density-feeding, heat stress) of the external environment,
which has adverse effects on the growth of broilers (Ducatelle., 2023). Based on
previous studies, the purpose of this experiment was to add 450 mg/kg UA to the corn-
soybean meal basal diet of broilers and to further explore how UA can promote the
growth of broilers by affecting the intestinal environment of broilers, to provide some
reference for the application of UA in broiler production.



Material and methods
Experimental design, animals and diets

A total of 120 Arbor Acres broilers (half male and half female) were randomly
divided into 2 groups: control group ( fed with corn-soybean meal basal diet; CON
group) and experimental group (fed with corn-soybean meal basal diet supplemented
with 450 mg/kg UA; UA purity = 99%; UA group) with 6 replicates in each group and
10 chickens in each replicate. The experimental broilers were raised in three layers of
cages. Before the experiment, formalin and potassium permanganate were used to
clean and disinfect the broiler houses and cages, and then fumigation and ventilation
were carried out. The henhouse was heated to 32-35°C before brooding, and then the
temperature was reduced by 2-3°C every week until it was maintained at 20-23°C. The
relative humidity was adjusted by 65-70% with seasonal changes and growth
characteristics of broilers (Wang et al., 2022). Feeding and drinking water were free,
and routine immunization was performed. The diet formula was formulated regarding
NRC 1994 (Table 1).

Preparation and sample collection

Feed intake was recorded per replicate per day. Broilers were weighed at the
beginning of each stage (day 1) and at the end of each stage (days 21 and 42). The
death of chickens was checked every day, and the dead broilers were recorded and
weighed to adjust the feeding frequency and feed amount as appropriate. The average
daily gain (ADG), average daily feed intake (ADFI), and feed conversion ratio (FCR)
were calculated. After fasting for 12 hours, broilers were weighed at 42 days of age. A
42-day-old cock broiler with an average body weight close to the average weight of the
group was selected from each replicate. Blood was collected 5 mL from the wing vein,
centrifuged at 3000 x g for 10 min to prepare serum, and stored in a refrigerator at -
20°C for testing (Zhang et al., 2021). After slaughtering, approximately 1 cm of the mid-
jejunum and mid-ileum were taken and fixed with 4% paraformaldehyde (0.44 mol/L) to
make tissue sections (De et al., 2020). The jejunal and ileal mucosa and cecal contents
were collected for post-test analysis (De et al., 2020).

Serum biochemistry analysis

Using a spectrophotometer (UH5700, Shimadzu Instrument Co., Ltd, Suzhou,
China), we measured triacylglycerol, high-density lipoprotein cholesterol, total



cholesterol, low-density lipoprotein cholesterol, as well as the activities of alanine
aminotransferase and aspartate aminotransferase in serum, the kits were provided by
Nanjing Jiancheng Bioengineering Institute, China. Enzyme-linked immunosorbent
assay was used to measure the concentrations of inflammatory markers interleukin 1,
interleukin 6, interleukin 10, and tumor necrosis factor a in the serum. The kits for this
assay were provided by the Jiangsu Meimian Industrial Co., Ltd. The measurements
were performed using a microplate reader (Infinite M PLEX, Swiss Kentucky Company,
Austria).

Antioxidant index analysis

Malondialdehyde, total antioxidant capacity, total superoxide dismutase, and
glutathione peroxidase activities were assessed in both the serum and intestinal
mucosa using the kit from Nanjing Jiancheng Bioengineering Institute, China. The
measurements were performed using a microplate reader (Infinite M PLEX, Swiss
Kentucky Company, Austria). All operations are strictly in accordance with the kit
instructions.

Intestinal tissue slice

The collected jejunal and ileal samples were fixed with xylene for 48 hours,
embedded in paraffin, sliced using a 4 ym blade of a microtome (Biocut, Leica,
Germany, Weztlar, Germany), and mounted on a slide in a 37°C thermostatic water
bath. The hematoxylin-eosin staining kit of China Nanjing Jiancheng Institute of
Bioengineering was used for staining. The steps are briefly described as follows. The
slides were transparent with xylene twice, soaked in different concentrations of alcohol
three times, washed with tap water, then stained with hematoxylin and eosin, washed
with water, dehydrated with alcohol five times, fixed with xylene once, dried in a fume
hood, sealed with neutral resin, and stored in a cool and dry place for subsequent
observation. Finally, an optical microscope and Image J (https://imagej.net/Fiji) were
used to analyze the intestinal villus height, crypt depth, and villus-to-crypt ratio.

Real-time fluorescence quantitative expression

The relative expression of jejunum and ileum mucosal genes was detected by
Real-time fluorescence quantitative expression. Total RNA was extracted from the



tissues using the RNA extraction kit (SteadyPure, Ecoray Biology, Changsha, Hunan,
China). The reverse transcription kit (Evo M-MLVA, Ecoray Biology, Changsha, Hunan,
China) was utilized to obtain cDNA, and the quantitative kit (AG11701, Ecoray Biology,
Changsha, Hunan, China) was used to detect the relative expression of genes. Primers
were synthesized in Beijing Qingke Biotechnology Co., Ltd., and their sequences can
be found in Table 2. The gene expression level was analyzed using the 2 -22C¢t method
after normalizing the internal reference gene B-actin.

Gut microbiome

Refer to the collection method of Zou et al., (2019). There were 6 samples in each
group, totaling 12 samples for microbial sequencing analysis. The sequencing analysis
steps are summarized as follows. The PCR products were obtained by amplifying the
V3-V4 region of the bacterial 16s rDNA gene after extracting bacterial DNA from the
samples for testing. These were analyzed using the NEB Next Ultra || DNA Library Prep
Kit (Biolabs, New England, USA). The PCR products were sequenced using the
lllumina Miseq/Novaseq 6000 platform from Illumina (United States). Afterward, the
data were split, spliced, and filtered in a short sequence before the filter was removed.
Uparse algorithm of Vsearch (v2.7.1) software was utilized to cluster qualified
sequences into operational taxonomic units with a similarity threshold of 97%. The
indices of abundance and variety using operational taxonomic units information were
computed. R (v3.6.0) was used for plotting. Spearman analysis was used to analyze
the correlation between different bacteria and inflammation and lipid metabolism
indicators.

Statistical analysis

SPSS 26 F-test was employed to analyze whether the data of each group (6
samples in each group) conformed to the normal distribution. The differences in serum
biochemical, oxidative stress, and inflammation data between the two groups were
analyzed by SPSS 26 independent sample T-test. The initial body weight block was
included as a random effect and the UA treatment as a fixed effect. The cage was the
experimental unit for growth performance, while the selected broiler from each pen was
used as an experimental unit for analysis of serum index, antioxidant index, intestinal
morphology, and cecal microbiota. The results are expressed as mean and pooled
standard error of the means ( X + SEM). Microsoft Office Excel 2023 was used for data
tables. Origin 2022 and SigmaPlot 12.5 were used for drawing gene expression. A
significant difference was defined as P < 0.05.

Results



Growth performance and serum biochemistry

As shown in Table 3, the UA group had higher ADG in broilers aged 1-21 days (P
< 0.05), and the UA improved FCR (P < 0.05), but had no impact on ADFI (P > 0.05).
At the age of 1-42 days, the UA improved FCR (P < 0.05), but the ADG and ADFI had
no effect between the two groups (P > 0.05). In the serum, adding UA decreased the
activity of aspartate aminotransferase and the concentrations of triacylglycerol and total
cholesterol, as well as increased high-density lipoprotein cholesterol (P < 0.05; Table
4). However, there was no significant import on alanine aminotransferase activity and
the concentration of low-density lipoprotein cholesterol between the two groups (P >
0.05; Table 4). As shown in Table 4, the UA group had lower interleukin 1 and
interleukin 6 concentrations, but the interleukin 10 concentration was higher (P < 0.05).

Antioxidant capacity and intestinal morphology

As shown in Table 5, the UA group had higher activity of total superoxide
dismutase and the level of total antioxidant capacity in the serum (P < 0.05). In the
jejunum, the UA group of total antioxidant capacity level and glutathione peroxidase
activity was higher and had lower malondialdehyde content (P < 0.05). In the ileum,
adding UA increased glutathione peroxidase activity but the content of
malondialdehyde was lower (P < 0.05). As shown in Table 6, in the jejunum, adding UA
could increase villus height and villus-to-crypt ratio, as well as decrease crypt depth (P
< 0.05). But the UA did not affect villus height, crypt depth, and villus-to-crypt ratio of
the ileum (P > 0.05).

Intestinal barrier function gene expression

The UA group had higher gene expression of ZO-1 and Claudin-1 in the jejunal
mucosa (P < 0.05; Fig. 1A). Adding UA up-regulated interleukin 10 gene expression
and down-regulated interleukin 6 gene expression in the jejunal mucosa (P < 0.05; Fig.
1B). Adding UA up-regulated gene expression of ZO-1 and Claudin-1 in the ileal
mucosa (P < 0.05; Fig. 1C). Otherwise, The UA group had lower interleukin 6 gene
expression in the ileal mucosa (P < 0.05; Fig. 1D).

Intestinal microbiota structure composition and correlation analysis

As shown in Fig. 2. The UA group had higher values of Chao1 index, Shannon and
Simpson indices (P < 0.05). However, there was no significant effect on the PD index
(P > 0.05). Both the UA and CON groups exhibited Firmicutes and Bacteroidetes as
the predominant phyla at the phylum level (Fig. 3A). The UA group had higher
Bacteroidetes and had lower Proteobacteria (P < 0.05; Table 7). As shown in Fig. 3B,
the prevailing bacteria in the UA group were Barnesiella, Clostridia_UCG-014, and
Romboutsia. Adding UA increased relative abundance of Barnesiella and
Clostridia_UCG-014, as well as decreased Romboutsia (P < 0.05; Table 8). As shown
in Fig. 3C, spearman correlation analysis found that Barnesiella exhibited a negative



correlation with serum levels of interleukin 1, interleukin 6, and triacylglycerol, whereas
showing a positive correlation with interleukin 10 (P < 0.05). Romboutsia exhibited a
positive correlation with serum levels of interleukin 6 (P < 0.05). However,
Clostridia_UCG-014 does not correlate with serum indicators of inflammation and lipid
metabolism (P > 0.05).

Discussion

The health of the liver and intestinal environment is a prerequisite for the healthy
growth of broilers. This study focuses on the effect of UA on the intestinal environment
of broilers and also pays attention to the effect of UA on the liver function of broilers.
This study found that UA had the effect of reducing aspartate aminotransferase. In
medicine, the reduction of aspartate aminotransferase activity usually reflects the
enhancement of liver function (Wan et al., 2020). Therefore, the UA enhances the liver
function of broilers, which will be beneficial to the healthy growth of broilers. In addition,
quantitative analysis of intestinal histological sections and villus structure (villus height,
crypt depth, villus-to-crypt ratio) can be used to evaluate the integrity of intestinal
morphology and reflect the absorption capacity of intestinal nutrients (Rysman et al.,
2023). This experiment shows that the UA group had a higher villus height and villus-
to-crypt ratio, and a lower crypt depth. Prakatur et al. (2019) reported that as villus
height increases, so does the intestinal tract's capacity to absorb nutrients. Deeper
crypts indicate a faster tissue metabolism. A higher villus-to-crypt ratio signifies
improved intestinal development, which facilitates nutrient absorption. Therefore, this
may be an important reason for UA to increase the ADG and reduce the FCR of broilers.
However, the changes in the intestinal morphology of broilers may be related to the
antioxidant function of UA (Bao et al., 2022).

Intestinal oxidative stress produces a large amount of ROS, which damages the
integrity of intestinal morphology. The enhancement of intestinal antioxidant capacity is
conducive to maintaining the integrity of intestinal morphology and improving the
intestinal morphological structure (Gevawy et al., 2004). The UA has been proved to
be a plant extract with high antioxidant properties, which could increase the activities
of superoxide dismutase and glutathione peroxidase and reduced the concentration of
malondialdehyde (Habtemariam et al., 2019; Kamzi et al., 2022). In this experiment,
the UA increased the glutathione peroxidase activity in the jejunum and ileum, reduced
the malondialdehyde content in the jejunum and ileum, and increased the activities of
serum total superoxide dismutase and glutathione peroxidase. The changes in these
results suggest that UA may maintain the integrity of intestinal morphology by
increasing the activity of antioxidant enzymes and reducing the production of ROS. In
addition, excessive ROS can act as an upstream stimulus to cause abnormal activation
of the intestinal immune system, causing damage to the intestinal mucosal barrier,
destroying the tight junctions between intestinal epithelial cells, and leading to intestinal
inflammation (Xie et al., 2022). Importantly, free radical immune cells activate multiple
inflammatory signaling pathways, promote the release of pro-inflammatory cytokines
(tumor necrosis factor a, interleukin 6, and interleukin 1B), and further increase the



oxidative stress level of the intestinal tract (Li et al., 2023). Therefore, the UA may
reduce the stimulation of ROS on intestinal microbacteria and immune cells by
increasing the activities of antioxidant enzymes (total superoxide dismutase,
glutathione peroxidase), thereby reducing the damage to the intestinal mucosal barrier
and avoiding the occurrence of intestinal inflammation.

Therefore, this experiment further evaluated the status of intestinal barrier function.
The connection between intestinal epithelial cells plays an important role in the function
of the whole intestinal barrier (Citi., 2018; Wang et al., 2024). Zhang et al. (2022)
reported that tight junction proteins mainly include occludin, claudin, and ZO-1, which
are important in maintaining intestinal epithelial barrier function. In this study, the UA
significantly increased the relative gene expression of ZO-1 and Claudin-1, suggesting
decreased intestinal permeability. Ibrahim et al. (2021) reported that blocking the
expression of PIK3R3 protein could inhibit the transcription of NF-kB upregulate the
expression of TJ (ZO-1, Claudin-1, occludin, etc.) proteins, and reduce the expression
of inflammatory factors interleukin 183, interleukin 6, and tumor necrosis factor q,
thereby reducing the damage caused by inflammation to the body. Sheng et al. (2021)
found that UA decreased serum and colonic interleukin 6 levels, and downregulated
three classical inflammatory pathways (interleukin 6/STAT3, MAPK, and PI3K). In this
study, the UA could reduce the gene expression of interleukin 6 in the Jejunal and ileal
mucosa and also reduce the concentrations of serum interleukin 6 and interleukin 1.
The changes in these indicators further confirmed that UA can reduce intestinal
permeability, reduce intestinal inflammation, and improve intestinal barrier function.
The mechanism may be achieved by inhibiting the expression of PIK3R3 protein in the
PI3K pathway.

The host's gastrointestinal function, immune function, and healthy intestinal
homeostasis benefit from the complex ecosystem of microbiota (Sanders et al., 2021;
Abd El-Hack et al., 2020). In this experiment, the sequencing results of cecal contents
of broilers showed that UA could increase a diversity, which was manifested by the
increase of Chao1 and Shannon index. Ciocan et al. (2018) reported that the increase
of a diversity was considered to be beneficial to improve intestinal microbial diversity
and maintain intestinal immune homeostasis. Therefore, we further analyzed the
differences in microbial diversity at the phylum level and found that UA could reduce
the proportion of Bacteroidetes, which may be an important reason for its maintenance
of intestinal immune homeostasis because the reduction of Bacteroidetes is conducive
to alleviating the process of intestinal inflammation. It is worth noting that this study
found that the serum triglycerol and total cholesterol concentrations in the UA group
were significantly reduced. Importantly, lipid metabolism in the body has a significant
correlation with the changes in Firmicutes. Stojanov et al. (2020) reported that
Firmicutes played a key role in host nutrition and metabolism through short-chain fatty
acid synthesis. However, our results showed that UA had no significant effect on the
relative abundance of Firmicutes. Therefore, we further analyzed the differences of
microorganisms at the genus level and found an interesting phenomenon. The relative
abundance of Barnesiella in the Bacteroidetes increased significantly in the UA group.



Karlsson et al. (2013) and Song et al. (2023) reported that Barnesiella was related to
inflammation and lipid metabolism, and the relative abundance of Barnesiella was
significantly reduced in people with obesity and inflammation. Therefore, through
correlation analysis, it was found that Barnesiella was negatively correlated with
triglycerol, interleukin 1, and interleukin 6, and positively correlated with interleukin 10.
In addition, the UA also significantly increased the relative abundance of Romboutsia
and significantly reduced the relative abundance of Clostridia_ UCG-014. Similarly,
correlation analysis showed that the effects of these two genera on inflammation and
lipid metabolism under the conditions of this experiment were not as significant as those
of Barnesiella, although studies have reported the effects of these two genera on
inflammation and lipid metabolism. Therefore, we speculate that the significant
increase in the abundance of Barnesiella may be an important reason for the significant
decrease in the concentration of total cholesterol and triacylglycerol in serum, but its
specific action bacteria and related mechanisms still need further study. In addition, the
abundance of the microbiota depends on sex, which means that if more male or female
broilers were slaughtered in one of the treatments, there is a bias (Feye et al., 2020).
In this study, the slaughter of male broilers found that UA had a significant effect on
cecal microorganisms, but whether it could have the same effect on the cecal
microorganisms of female broilers still needed further study.

Conclusion

In summary, the inclusion of UA not only improved the early growth performance
of broilers but also improved the FCR throughout the entire growth period. Furthermore,
the UA contributed to a reduction in serum levels of aspartate aminotransferase, total
cholesterol, and triacylglycerol, while simultaneously increasing levels of high-density
lipoprotein cholesterol. Concurrently, the additive bolstered antioxidant and
antiinflammatory capabilities, and improved intestinal barrier function, microbial
diversity, and structural composition of broilers. Consequently, incorporating 450 mg/kg
of UA into a broiler diet is anticipated to serve as a high-quality, plant-derived feed
supplement.
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Table 1

Basal diet composition and nutrient levels in broilers (as-fed basis, %)

Phase1 Phase 2 Phase1 Phase 2



Ingredients (2(: )1 to 2)22 to Chemical composition 2 (2(: )1 to 2(;)22 to
Corn 5432  57.28 mj;izonzab'e enerdY: 4254 12.96
Soybean 37.35  33.68 cP 2150  20.00
meal
Soybean oil 3.99 5.15 Lys 1.15 1.00
:‘_,';;S)'HC' 0.17 0.08 Met 0.50 0.40
DL-Met (98%) 0.18 0.10 Met+Cys 0.91 0.76
CaHPO4 1.59 1.39 Val 0.85 0.74
Limestone 1.10 1.02 Trp 0.21 0.18
NacCl 0.30 0.30 Thr 0.81 0.72
Premix ' 1.00 1.00 Ca 1.00 0.95
DM 90.00 89.00
Available phosphorus 0.45 0.40

"Nutrient levels of premix (per kg diet): vitamin A, 8 000 1U; vitamin D3, 2000 IU; vitamin E, 20 IU; vitamin
K3, 15 mg; vitamin B1, 2.25 mg; vitamin B2, 8.20 mg; vitamin B6, 2.80 mg; vitamin B12, 0.015 mg; folic
acid, 0.95 mg; nicotinic acid, 35 mg; pantothenic acid, 10 mg; biotin, 0.18 mg; choline chloride, 700 mg;
manganese (manganese sulfate), 80 mg; iron (ferrous sulfate), 80 mg; zinc (zinc sulfate), 100 mg; copper

(copper sulfate), 9 mg; selenium (sodium selenite), 0.30 mg; iodine (potassium iodide), 0.40 mg.

2Chemical composition: metabolizable energy, amino acids, and available phosphorus were calculated

values, while the others were measured values.



Table 2

Oligo nucleotide primers in broilers

Genes

Sequences (5" >3°)

Product size
(bp)

Accession No.

Interleukin 6

Interleukin 1B

Interleukin 10

Tumor necrosis factor

a

20-1

Claudin-1

F:GAGGCGAATGTTGGTGGAA

R:CAGCAGGTGTTGATGAATGTC

F:CAGAGATGGCGTTCGTTCC

R:CTGTGGTGTGCTCAGAATCC

F:CGCTGTCACCGCTTCTTCA

R:GGCTCACTTCCTCCTCCTCAT

F:GGACAGCCTATGCCAACAAGT

R:CACCACACGACAGCCAAGT

F:GCCTACTGCTGCTCCTTACAACTC

R:GCTGGATCTATATGCGGCGGTAA
G

F:ACACCCGTTAACACCAGATTT

R:GCATTTTTGGGGTAGCCTCG

205

207

168

172

129

152

NM_204628.2

XM_015297469.3

NM_001004414.4

XM_046927262.1

XM_040680630.1

NM_001013611.
2


https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=2099357706
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=2099357706

Occludin F:GATGGACAGCATCAACGACC
142
R:CTCTTCTGCACGGCCATCTT

B-actin F:TGCGTGACATCAAGGAGAAG
199

R:TGCCAGGGTACATTGTGGTA

NM_205128.1

L08165

Abbreviation: ZO-1 = zona occludens-1.

Table 3

Effect of ursolic acid on growth performance in broilers

CON UA P-
Items SEM
group group value
BW, g
onld 46.58 46.53 0.121 0.564
on2ld 788.66 842.25 2.312 0.001
on42d 2671.28 2703.70 1.553 0.691
1to 21d of

age



ADG, g/d 35.34 37.88 1.241 0.001

ADFI, g/d 49.25 49.95 0.922 0.403
FCR 1.40 1.34 0.031 0.041
1to42d of
age
ADG, g/d 63.28 65.19 2.751 0.148
ADFI, g/d 104.61 104.18 1.884 0.582

Abbreviations: CON = control; UA =
FCR 1.65 1.60 0.021 0.042 ursolic acid; ADFI = average daily feed
intake; ADG = average daily gain; FCR =

feed conversion ratio; SEM = pooled SEM; n = 6 / group.

Table 4

Effect of ursolic acid on serum biochemical in broilers

Items CON group UAgroup SEM P-value
Alanine aminotransferase, U/L 4.41 410 0.458 0.555
Aspartate aminotransferase, U/L 43.44 34.81 2.964 0.016

Total cholesterol, mmol/L 3.37 3.10 0.357 0.027



Triacylglycerol, mmol/L

High-density lipoprotein cholesterol, mmol/L

Low-density lipoprotein cholesterol, mmol/L

Interleukin 1, ng/L

Interleukin 6, ng/L

Tumor necrosis factor a, ng/L

Interleukin 10, ng/L

0.63

3.01

0.75

249.18

46.08

87.28

56.29

0.52

3.46

0.78

232.22

42.96

87.91

59.00

0.110

0.182

0.041

6.038

0.160

1.848

0.824

0.017

0.033

0.509

0.019

0.011

0.522

0.032

Abbreviations: CON = control; UA = ursolic acid; SEM = pooled SEM; n = 6 / group.

Table 5

Effects of ursolic acid on serum and intestinal antioxidation in broilers

Items CON group UAgroup SEM P-value
Serum

Total antioxidant capacity, mmol/L 0.51 0.63 0.050 0.042
Total superoxide dismutase, U/ml 140.73 180.95 14.988 0.022
Glutathione peroxidase, U/ml 345.33 417.19 15.451 0.001
Malondialdehyde, nmol/mg prot 3.66 3.78 0.781 0.876



Jejunum

Total antioxidant capacity, mmol/g prot 0.27 0.30 0.009 0.012
Total superoxide dismutase, U/mg 68.29 69.28 1.180 0.441
Glutathione peroxidase, U/mg 38.32 46.09 0.562 0.001
Malondialdehyde, nmol/mg prot 1.09 0.58 0.194 0.025
lleum

Total antioxidant capacity, mmol/g prot 0.31 0.32 0.009 0.917
Total superoxide dismutase, U/mg 68.65 65.61 3.780 0.425
Glutathione peroxidase, U/mg 28.06 34.82 2.327 0.016
Malondialdehyde, nmol/mg prot 0.96 0.73 0.071 0.012

Abbreviations: CON = control; UA = ursolic acid; SEM = pooled SEM; prot = total protein; n = 6 / group.

Table 6

Effect of ursolic acid on intestinal morphology in broilers

Items CON group UAgroup SEM P-value




Jejunum

Villus height, pm 354.27 471.31 28.292 0.012
Crypt depth, pm 193.15 165.28 11.502 0.039
Villus-to-crypt ratio 2.15 2.84 0.122 0.001
lleum

Villus height, pm 321.19 320.09 15.074 0.944
Crypt depth, um 179.83 182.92 6.831 0.661
Villus-to-crypt ratio 1.79 1.75 0.086 0.569

Abbreviations: CON = control; UA = ursolic acid; SEM = pooled SEM; n = 6 / group.

Table 7

Effect of ursolic acid on the abundance of cecal microbial phylum level in broilers (%)

Items CON group UAgroup SEM  P-value
Firmicutes 50.53 50.68 1.655 0.951
Bacteroidetes 12.09 9.77 0.175 0.001
Proteobacteria 2.44 0.82 0.248 0.033
Desulfobacterota 1.22 0.77 0.654 0.582

Actinobacteriota 0.28 0.12 0.079 0.072




Abbreviations: CON = control; UA = ursolic acid; SEM = pooled SEM; n = 6 / group.

Table 8

Effect of ursolic acid on the abundance of cecal microbial genus level in broilers (%)

Items CON group UAgroup SEM  P-value
Barnesiella 1.30 31.67 3.821 0.001
Alistipes 7.38 7.60 1.388 0.878
Lactobacillus 3.91 3.41 1.254 0.699
Faecalibacterium 6.52 8.17 1.336 0.254
Bacteroides 5.71 7.57 2,533 0.481
Ruminococcus 5.71 4.99 0.370 0.078
Clostridia_UCG-014 2.81 3.97 0.464 0.032
Romboutsia 4.08 1.82 0.426 0.001
Christensenellaceae_R-7 3.06 2.34 0.413 0.113
Negativibacillus 2.66 2.63 0.717 0.971
Blautia 1.87 1.65 0.307 0.495

Abbreviations: CON = control; UA = ursolic acid; SEM = pooled SEM; n = 6 / group.



Fig.1. Effects of ursolic acid on gene expression of Jejunal and ileal barrier function in broilers. (A) Jejunal
tight junction protein genes expression level; (B) Jejunal inflammatory factor genes expression level; (C)
lleal tight junction protein genes expression level; (D) lleal inflammatory factor genes expression level.
Asterisks indicate statistical significance: * P < 0.05; ** P < 0.01. Abbreviations: CON = control; UA =
ursolic acid; ZO-1 = zona occludens-1. n = 6 / group.

Fig.2. Difference in intestinal microbiota diversity of broilers by adding ursolic acid to the diet. Asterisks
indicate statistical significance: * P < 0.05; ** P < 0.01; PD: pedigree diversity is a diversity index that
takes into account species abundance and evolutionary distance. The larger the value, the higher the
community diversity. Abbreviations: CON = control; UA = ursolic acid. n = 6 / group.

Fig.3. Structural composition diagram of the effects of ursolic acid on cecal microbiota of broilers, and
correlation analysis. (A) Phylum level; (B) Genus level; (C) Correlation analysis between microbial
differential bacteria and lipid metabolism and inflammatory factors. Red and blue represent positive
and negative correlations respectively. Asterisks indicate statistical significance: * P < 0.05; ** P < 0.01.
Abbreviations: CON = control; UA = ursolic acid. n = 6 / group.
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