
Frontiers in Veterinary Science 01 frontiersin.org

Effects of Pueraria extracts on 
growth performance, immune 
function, and immune-related 
gene expression of Wuzhishan 
piglets
Hongzhi Wu 1†, Weiqi Peng 1†, Xilong Yu 2, Xiaoyu Zhang 3, 
Fengjie Ji 1, Qian Shen 4 and Renlong Lv 1*
1 Tropical Crops Genetic Resources Research Institute, Chinese Academy of Tropical Agricultural 
Sciences, Haikou, China, 2 College of Animal Science and Technology, Northeast Agricultural 
University, Harbin, China, 3 College of Animal Science and Technology, Henan University of Science 
and Technology, Luoyang, China, 4 Hainan Xuhuai Technology Co. Ltd., Haikou, China

Pueraria extracts contain phytoestrogens, particularly isoflavones such as daidzein 
and genistein, which have been used in traditional Chinese medicine for centuries 
due to their various health benefits. Wuzhishan pig is a small pig unique to China, 
native to Wuzhishan, Hainan Province. Pueraria extracts have been widely 
utilized in the production of various animals. However, there are relatively few 
reports regarding their application in piglets, particularly in local pig breeds. The 
experiment aimed to investigate the effects of dietary Pueraria extracts on the 
growth performance, immune function, and immune-related gene expression of 
Wuzhishan piglets. Forty-eight piglets were randomly divided into four groups, 
each with six replicates and two piglets in each replicate. The control group (CON) 
was fed the basal diet, and the other groups were given 400, 600, and 800 mg/kg 
Pueraria extracts (PE1, PE2, and PE3, respectively). Compared with the CON, (1) 
the dietary Pueraria extracts increased the average daily gain and decreased the 
feed conversion ratio in PE2 and PE3 (p < 0.05); (2) the dietary Pueraria extracts 
increased the serum immunoglobulin M and complement 3 and 4 contents in 
PE2 (p < 0.05); (3) the serum ALB and ALP contents in groups treated with the 
Pueraria extracts were higher (p < 0.05); (4) the ALT and GOT contents were lower 
(p < 0.05) in groups treated with Pueraria extracts; (5) the dietary Pueraria extracts 
increased the Bacillus acidi lactici and Saccharomycetes contents, and decreased 
the Escherichia coli and Salmonella contents in the jejunum in PE1, PE2, and PE3 
(p < 0.05); (4) the dietary Pueraria extracts ameliorated the relative expression of 
Interleukin-10, Tumor necrosis factor-α, Mucoprotein 2, Transforming growth 
factor-β1, Zonula occludens-1 in jejunum mucosa (p < 0.05). In this study, adding 
600 mg/kg dietary Pueraria extracts to the Wuzhishan piglets’ diets improved the 
growth performance, immune function, and immune-related gene expression. 
This study laid a theoretical foundation for popularizing and applying Pueraria 
extracts in local pig production.
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1 Introduction

Plant extracts, recognized for their natural and safe properties, 
have increasingly become a valuable feed additive in livestock and 
poultry breeding, driven by their wide-ranging benefits (1–3). These 
benefits extend across multiple dimensions of animal production, such 
as enhancing growth performance, boosting immune function, 
improving carcass traits, and elevating meat quality (2, 3). In piglet 
nutrition, plant extracts have garnered particular attention in recent 
years. Research has shown that specific plant extracts can optimize 
piglets’ growth performance and overall health by modulating gut 
microbiota and enhancing immune responses (4, 5). Essential oils 
derived from plants like oregano and thyme have demonstrated 
antimicrobial properties, which can effectively reduce the incidence of 
gastrointestinal infections in piglets, potentially diminishing the 
reliance on antibiotics (6). Additionally, Galanopoulos et al. explored 
the antioxidant and anti-inflammatory effects of plant extracts, such as 
flaxseed oil, which can improve systemic and gut immunity in piglets 
(7). These findings underscore the necessity of further investigating the 
applications of plant extracts in piglet nutrition to foster sustainable 
and healthy livestock production practices. Pueraria extracts are 
derived from the root of the Pueraria lobata plant, native to parts of 
Asia, including China, Japan, and Korea (8–10). Pueraria extracts 
contain phytoestrogens, particularly isoflavones such as daidzein and 
genistein, which have been used in traditional Chinese medicine for 
centuries due to their various health benefits (9, 11, 12). Wang et al. 
(13) found that Puerarin improves the immune response, antioxidant 
capacity, and intestinal morphology of pigeons. Liu et al. (14) reported 
that the Pueraria crude extracts significantly changed the fecal 
microbiota of finishing pigs. Guo et al. (15) found that the Pueraria 
extracts enhanced the antioxidant status and intestinal integrity of 
broilers. Zhang et al. (16) studied the Pueraria lobata extracts, which 
remediated intestinal dysbiosis and promoted bile acid biosynthesis. 
Pueraria extracts have been widely utilized in the production of various 
animals. However, there are relatively few reports regarding their 
application in piglets, particularly in local pig breeds.

The Wuzhishan pig is a diminutive swine species endemic to 
China, originating specifically from Wuzhishan in Hainan Province 
(17). Characterized by its small stature and robust and compact 
physique, this pig has a relatively small and slightly elongated head, 
small and thin ears, and an irregular black and white fur distribution. 
Most individuals exhibit a black back and a white belly, earning them 
the colloquial name mouse pig (18, 19). The Wuzhishan pig is highly 
inbred, rendering it an invaluable genetic resource for elucidating the 
genetic underpinnings of various traits. Owing to its anatomical, 
physiological, and pathological similarities to humans, it is an ideal 
biomedical research model. Moreover, the Wuzhishan pig is a crucial 
breed for the development of high-quality pork products. Its unique 
characteristics and potential applications underscore the practical 
significance of studying this pig breed.

The primary aim of this study is to systematically investigate the 
multifaceted impacts of Pueraria extracts on Wuzhishan piglets. 
Specifically, we  hypothesize that Pueraria extracts can significantly 
enhance growth performance metrics, such as weight gain and feed 
efficiency. Additionally, we posit that these extracts can bolster immune 
function by upregulating key immune-related genes and improving 
biochemical blood indicators. To achieve these goals, the study will (a) 
meticulously assess growth parameters and immune responses in piglets 

administered varying doses of Pueraria extracts; and (b) evaluate the 
practical applicability of Pueraria extracts in piglet production settings 
through pilot trials. By focusing on these targeted objectives, the study 
aims to provide robust scientific evidence supporting the integration of 
Pueraria extracts into pig production practices, thereby laying a solid 
theoretical foundation for their widespread adoption.

2 Materials and methods

2.1 Experiment material

Forty-eight Wuzhishan piglets (sows or castrated boars) with an 
average body weight of 10.00 ± 1.00 kg, the same genetic background, 
and similar birth dates were used.

Pueraria extracts (PE) were purchased from Shaanxi Baichuan 
Biotechnology Co., LTD., Xian, China. The active ingredient contents 
were 4.37% puerarin, 1.62% daidzin, 1.05% puerarin apigenin, and 
0.27% genistin, detected in Liquid chromatography–tandem 
mass spectrometry.

Serum biochemical kits were purchased from Shanghai Sangon 
Biotechnology Co., Ltd., Shanghai, China.

2.2 Experiment design and sample 
collection

The amount of Pueraria extracts added was a single influencing 
factor in this study. Forty-eight Wuzhishan piglets were randomly 
allocated into four groups, with six replicates and two piglets per 
replicate. The basal experimental diets for piglets were corn-soybean 
meal-type diets formulated according to the NCR (2012) standards, 
and the composition of the basal experimental diets and nutritional 
levels are shown in Table 1. The control group (Con) was fed basal 
experimental diets, and the experimental groups were fed 400, 600, 
and 800 mg/kg Pueraria extracts in powder (PE1, PE2, and PE3, 
respectively) according to recommended usage. The experiment 
period was 90 days. The piglet house was maintained at a temperature 
of 28–30°C and 60–70% humidity. Lighting was provided for 16 h 
daily. Fecal waste was cleared twice daily, and the house was disinfected 
weekly with a 0.10% povidone-iodine solution to ensure hygiene.

At the end of the experiment, all piglets were given 12 h of 
forbidden feeding and were allowed to drink freely. We chose one 
piglet that was close to the average weight for slaughter from each 
replicate. We put one piglet that will be euthanized into a carbon 
dioxide euthanasia chamber (LC-800-S1, 80 × 70 × 60 cm3, Shanghai, 
China). Once it is calm, the air in the chamber will be replaced with a 
mixture of 90% carbon dioxide and 10% air at a rate of 15% of the 
chamber’s volume per minute until the piglet is in a deep state of 
unconsciousness. The entire process is expected to take about 45 min. 
Before slaughter, five mL of blood was collected from each pig’s ear 
vein and centrifuged at 3000 r/min for 15 min. The super serum was 
collected and divided into 1.50 mL Ep tubes and stored at −20°C for 
later use. Two grams of jejunum contents were taken from each piglet 
in 2.00 mL frozen storage tubes and stored in a − 80°C refrigerator for 
future use. Another section of the jejunum was taken and cut 
lengthwise to expose the intestinal cavity. Sterile saline was used to 
clean the intestinal cavity and gently remove the surface intestinal 
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contents. A sterile slide was used to scrape the intestinal mucosa 
gently, and this process should avoid penetrating the basement 
membrane. The intestinal mucosa was stored in 2.00 mL frozen 
storage tubes and placed in a − 80°C refrigerator for later use.

2.3 Growth performance

The feed intake of piglets was carefully recorded. The amount of 
feed offered and the amount wasted by the piglets in each replicate were 
precisely measured and recorded daily. The average daily feed intake 
(ADFI) was calculated by subtracting the weight of leftover feed from 
the initial feed provided. Additionally, each pig was weighed at the end 
of the experiment to determine the average daily gain (ADG). ADFI, 
g/d = Total feed intake, g/ Experiment period, d. ADG, g/d = (Final 
weight, kg  - Initial weight, kg) * 1,000/Experiment period, d. Feed 
conversion ratio (FCR) = ADFI, g/d/ADG, g/d.

2.4 Immune function

The immunoglobulin A (IgA), immunoglobulin G (IgG), 
immunoglobulin M (IgM), complement 3 (C3), complement 4 (C4), 
total protein (TP), albumin (ALB), alkaline phosphatase (ALP), 

alanine transaminase (ALT), glutamic oxalacetic transaminase (GOT), 
and urea nitrogen (UN) in the serum were determined using 
corresponding commercial assay kits, Shanghai Sangon Biotechnology 
Co., Ltd., Shanghai, China. The determining process is strictly 
according to the kit instructions.

2.5 Jejunal microorganism

In a sterile super-clean workbench, two grams of jejunum contents 
were taken and diluted to 10−7 with sterile normal saline. Then the 
total bacteria, Escherichia coli, Bacillus acidi lactici, Salmonella, and 
Saccharomycetes were identified and cultured with LB culture, 
Macconkey AGAR culture, MRS culture, SS AGAR culture with 
brilliant green, and Potato glucose AGAR with antibiotics, respectively. 
The number of various microorganisms was counted using the plate 
counting method.

2.6 RNA extraction and quantitative 
analysis of mRNA with real-time PCR

Jejunum mucosa samples of soybean size were taken, and RNA was 
extracted according to the instructions of the animal tissue RNA 

TABLE 1 Composition (kg/100 kg) of the basal experimental diets1 for Wuzhishan piglets.

Ingredients Contents Nutrient levels, on an air-dry basis Contents

Corn, % 32.80 Digestible energy3, DE, MJ/kg 13.61

Soybean meal, % 15.40 Crude protein4, CP, % 18.00

Wheat, % 8.00 Calcium4, Ca, % 0.95

Low protein whey powder, % 6.00 Total Phosphorus4, P, % 0.75

Fish meal, % 3.00 Available phosphorus4, AP, % 0.53

Corn gluten meal, % 10.00 Lysine4, Lys, % 1.25

Wheat bran, % 3.00 Methionine4, Met, % 0.35

Soybean oil, % 5.00 Threonine4, Thr, % 0.78

Mountain flour, % 0.80 Tryptophan4, Try, % 0.29

Calcium hydrogen phosphate, % 2.00

Sodium chloride, % 0.30

L-Lysine hydrochloride, % 0.60

Threonine, Thr, % 0.10

Tryptophan, Try, % 0.10

Saccharose, % 2.50

Glucose, % 2.50

Premix2, % 2.00

Feed mold inhibitor, % 1.00

Sweetening agent, % 0.30

Zeolite powder, % 4.60

Total, % 100.00

1Based on the NRC (2012) nutrient requirements for piglets.
2The premix provided the following per kg of diet: VA 2,000 IU, VD 200 IU, VE 45.00 IU, VK 0.50 mg, VB1 1.00 mg, pantothenic acid 12.00 mg, nicotinic acid 10.25 mg, VB6 3.85 mg, VB12 
15.00 ug, folic acid 1.35 mg, biotin 0.21 mg, VC 200 mg, Mn (Manganese sulfate) 20.00 mg, Fe (Ferrous sulfate) 80.00 mg, Cu (Copper sulfate) 5.00 mg, I (Potassium iodide) 0.14 mg, Se 
(Sodium selenite) 0.15 mg.
3Calculated value (NRC, 2012).
4Analysed content.
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extraction kit. The quality of RNA was assessed by a 2% agarose gel 
electrophoresis. An ultra-microspectrophotometer (NanoPhotometer, 
Implen German) was used to evaluate the total RNA concentration and 
purity (A260/A280 ratio). The primer sequences are shown in Table 2, 
and the primers corresponding to the sow gene sequence were 
synthesized using Sangon (Shanghai, China). The cDNA was 
synthesized by PrimeScript® RT regent Kit With gDNA Eraser 
(TaKaRa, Dalian, China) reverse transcription kit. DNA was removed 
from the sample using a reaction system as 2 μL 5 × gDNA Eraser 
Buffer, 1 μL gDNA Eraser, 1 μg RNA, then replenished the volume with 
RNase Free ddH2O to 10 μL (20). The system of reverse transcription 
was 10 μL reaction liquid, 1 μL RT Primer Mix, 4 μL RNase Free 
ddH2O, 4 μL 5 × PrimeScript® Buffer 2, PrimeScript® RT Enzyme 
MixI. The reaction procedure was 37°C constant temperature for 
15 min, 85°C constant temperature for 5 s; 4°C store briefly. The 
obtained cDNA was stored at −20°C (17). The housekeeping gene of 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used and the 
relative mRNA levels of Interleukin-10 (IL-10), Tumor necrosis factor-α 
(TNF-α), Mucoprotein 2 (MUC2), Transforming growth factor-β1 (TGF-
β1), Zonula occludens-1 (ZO1), Proliferating Cell Nuclear Antigen 
(PCNA) were calculated using the 2-ΔΔCt method.

2.7 Statistical analysis

Statistical analyses were conducted using SPSS 29.0 statistics 
software (NY, USA). The sample size for this study was determined based 
on the anticipated effect size, statistical power, and significance level. 
Drawing on prior research and pilot data, we set the expected effect size 
at 0.50, the significance level at 0.05, and the statistical power at 0.80. 
Utilizing G*Power software for the calculation, we determined that a 
minimum of six piglets per group was required. Accordingly, the study 
was structured with six replicates per group, each comprising two piglets, 
for a total of 48 piglets. This design ensures the robustness of our findings 
and achieves the desired statistical power. The Kolmogorov–Smirnov test 
was used to check if all data in this study followed a normal distribution. 

Data were expressed as mean ± SEM. Statistical comparisons between 
treatments were conducted using one-way ANOVA or Welch ANOVA 
following Kolmogorov–Smirnov and variance homogeneity tests 
(Barteet’s or Levene’s test). To mitigate the risk of Type I errors due to 
multiple comparisons, we employed the Bonferroni correction method 
to adjust the p-values. The test results of all analyses were considered 
significant at p < 0.05.

3 Results

3.1 Effects of Pueraria extracts on the 
growth performance of Wuzhishan piglets

There were no significant differences (p > 0.05) in initial weight 
and ADFI among groups. The final weight and ADG were higher 
(p < 0.05), and the FCR was lower (p < 0.05) in PE2 and PE3 compared 
with the Con. (Table 3).

3.2 Effects of Pueraria extracts on serum 
immune indices of Wuzhishan piglets

There was no significant difference (p > 0.05) in lgA contents among 
groups. The lgG contents in PE3 were higher (p < 0.05) compared with 
the Con. The lgM and C3 contents in PE2 and PE3 were higher (p < 0.05) 
than in the Con. The C4 contents were higher (p < 0.05) among groups 
treated with Pueraria extracts compared with the Con. (Table 4).

3.3 Effects of Pueraria extracts on serum 
biochemical indices of Wuzhishan piglets

The serum TP and UN contents among groups were not significantly 
different (p > 0.05). The serum ALB and ALP contents in groups treated 
with the Pueraria extracts were higher (p < 0.05) compared with the 

TABLE 2 Primer sequence list.

Gene Gene name Forward and reverse primers Product size Accession No.

IL-10 Interleukin-10 F:5’-GTGGCAGCCAGCATTAAGTC-3′ 100 NM_214041.1

R:5’-AACTCTTCACTGGGCCGAAG-3’

TNF-α Tumor necrosis factor-α F: 5’-CCAGACCAAGGTCAACCTCC-3’ 89 NM_214022.10

R: 5’-TCCCAGGTAGATGGGTTCGT-3’

MUC2 Mucoprotein 2 F: 5’-CTGTGCGACTACAACTTCGC-3’ 142 XM_021082584.1

R: 5’-AGATGGTGTCGTCCTTGACC-3’

TGF-β1 Transforming growth 

factor-β1

F: 5’-GGACCTTATCCTGAATGCCTT-3’ 134 XM_021093503.1

R: 5’-TAGGTTACCACTGAGCCACAAT-3’

ZO1 Zonula occludens-1 F: 5’-CTGAGGGAATTGGGCAGGAA-3’ 178 XM_021098896.1

R: 5’-TCACCAAAGGACTCAGCACG-3’

PCNA Proliferating Cell Nuclear 

Antigen

F: 5’-GTGATTCCACCACCATGTTC-3’ 123 NM_001291925.1

R: 5’-TGAGACGAGTCCATGCTCTG-3’

GAPDH Glyceraldehyde-3-

phosphate dehydrogenase

F: 5’-GTCGGAGTGAACGGATTTGG-3’ 76 NM_001206359.1

R: 5’-CAATGTCCACTTTGCCAGAGTTAA-3’
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Con. The ALT and GOT contents were lower (p < 0.05) in groups treated 
with Pueraria extracts than in the Con. (Table 5).

3.4 Effects of Pueraria extracts on the 
jejunum flora of Wuzhishan piglets

There was no significant difference (p > 0.05) in total bacteria 
contents among groups. The Escherichia coli and Salmonella contents 
among groups treated with Pueraria extracts were lower (p < 0.05) 
compared with the Con. The Saccharomycetes and Bacillus acidi 

lactici contents among groups treated with Pueraria extracts were 
higher (p < 0.05) than in the Con. (Table 6).

3.5 Effects of Pueraria extracts on 
expression of immune-related genes in 
Wuzhishan piglets

The relative expressions of IL-10, ZO1, and MUC2 in jejunum 
mucosa in groups treated with Pueraria extracts were higher (p < 0.05) 
than those in the Con, and the relative expressions of IL-10 and ZO1 

TABLE 3 Effects of Pueraria extracts on the growth performance of Wuzhishan piglets.

Items Con PE1 PE2 PE3 P-value

Initial weight, kg 10.00 ± 1.01 10.00 ± 0.98 10.00 ± 0.96 10.00 ± 1.02 0.1206

Final weight, kg 24.62 ± 0.35b 25.12 ± 0.46b 26.56 ± 0.16a 26.51 ± 0.22a 0.0352

ADFI, g/d 583 ± 10.26 580 ± 10.26 570 ± 6.92 572 ± 8.12 0.2315

ADG, g/d 162 ± 5.76b 168 ± 3.05b 184 ± 5.06a 183 ± 6.23a 0.0238

FCR 3.60 ± 0.12a 3.45 ± 0.10a 3.10 ± 0.10b 3.12 ± 0.11b 0.0389

a,bValues with different small letter superscripts in the same column mean a significant difference (p < 0.05). ADFI: average daily feed intake; ADG: the average daily gain; FCR: feed conversion 
ratio.

TABLE 4 Effects of Pueraria extracts on serum immune indice of Wuzhishan piglets.

Items Con PE1 PE2 PE3 P-value

IgA, g·L−1 0.03 ± 0.01 0.04 ± 0.01 0.04 ± 0.02 0.03 ± 0.02 0.0968

IgG, g·L−1 3.12 ± 0.21c 3.56 ± 0.29b 3.97 ± 0.12ab 4.13 ± 0.17a 0.0452

IgM, g·L−1 0.88 ± 0.07b 0.90 ± 0.03b 1.12 ± 0.01a 1.11 ± 0.02a 0.0311

C3, mg·L−1 30.52 ± 1.56b 31.99 ± 2.01b 36.25 ± 1.26a 36.86 ± 1.37a 0.0205

C4, mg·L−1 26.59 ± 1.23b 31.26 ± 1.56a 32.23 ± 1.75a 32.46 ± 2.01a 0.0289

a,b,cValues with different small letter superscripts in the same column mean a significant difference (p < 0.05). IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; C3, 
complement 3; C4, complement 4.

TABLE 5 Effects of Pueraria extracts on serum biochemical indices of Wuzhishan piglets.

Items Con PE1 PE2 PE3 P-value

TP, g·L−1 80.17 ± 16.03 83.23 ± 8.95 81.19 ± 9.12 83.05 ± 10.12 0.0859

ALB, g·L−1 36.03 ± 2.12b 39.29 ± 1.06a 39.72 ± 1.07a 39.00 ± 2.61a 0.0416

ALP, U·L−1 230 ± 5.12c 270 ± 10.56b 262 ± 10.39b 290 ± 6.31a 0.0357

ALT, U·L−1 99.02 ± 5.87a 80.12 ± 6.95b 76.25 ± 6.12bc 67.19 ± 4.12c 0.0267

GOT, U·L−1 190 ± 10.12a 156 ± 10.92b 120 ± 10.11c 117 ± 9.32c 0.0379

UN, mmol·L−1 5.87 ± 0.42 5.32 ± 1.25 5.27 ± 2.17 5.00 ± 2.29 0.9150

a,b,cValues with different small letter superscripts in the same column mean a significant difference (P < 0.05). TP, total protein; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine 
transaminase; GOT, glutamic oxalacetic transaminase; UN, urea nitrogen.

TABLE 6 Effects of Pueraria extracts on jejunum flora of Wuzhishan piglets.

Items Con PE1 PE2 PE3 P-value

Total bacteria, lgCFU·g−1 11.62 ± 0.18 11.65 ± 0.12 11.62 ± 0.16 11.63 ± 0.25 0.0951

Escherichia coli, lgCFU·g−1 6.59 ± 0.25a 5.56 ± 0.26b 5.00 ± 1.13c 5.02 ± 1.09c 0.0326

Bacillus acidi lactici, lgCFU·g−1 6.24 ± 0.16c 7.15 ± 0.19b 7.20 ± 0.20b 7.56 ± 0.18a 0.0215

Salmonella, lgCFU·g−1 5.12 ± 0.08a 4.67 ± 0.10b 4.32 ± 0.09c 4.33 ± 0.01c 0.0456

Saccharomycetes, lgCFU·g−1 5.00 ± 0.16c 5.36 ± 0.10b 5.69 ± 0.12a 5.72 ± 0.14a 0.0411

a,b,cValues with different small letter superscripts in the same column mean a significant difference (P < 0.05).
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in jejunum mucosa were higher (p < 0.05) in PE2 and PE3 compared 
with PE1. The relative expressions of TNF-α and TGF-β1 in jejunum 
mucosa were lower (p < 0.05) in PE1, PE2, and PE3 compared with 
the Con. There was no significant difference (p > 0.05) in the relative 
expressions of PCNA in jejunum mucosa among groups (Figure 1).

4 Discussion

Growth performance is a key indicator of animal growth, which 
is significant for evaluating animal growth environment and feed 
nutrition (21–23). The isoflavones in Pueraria extract, such as 
puerarin, daidzein, and genistein, have essential medicinal value; they 
have anti-inflammatory, antioxidant, anti-tumor, and improve 
immunity (24, 25). Guo et al. (15) found that the Pueraria extract 
supplementation decreased the average daily gain during the whole 
period and improved the feed conversion ratio of broiler chickens. 
Gong et al. (26) added the Pueraria lobata leaf powder to the feed of 
broiler chickens and found it did not affect the growth and slaughter 
performance. Wang et al. (13) found that the puerarin treatment did 
not significantly alter the growth performance of pigeons. 
Tiyasatkulkovit et  al. (27) studied the effect of Pueraria Mirifica 
extract and puerarin on the healthy growth of primary baboon 
osteoblasts. In this study, the Pueraria extract improved the final body 
weight, the average daily gain, and the feed conversion ratio of 
Wuzhishan piglets, possibly because Pueraria extract affects mammals 
more than birds. At the same time, the isoflavones in Pueraria extracts 
may improve the growth performance of pigs through multiple 
mechanisms, such as regulating metabolic pathways and hormone 

levels, improving gut health, and exerting antioxidant and anti-
inflammatory effects.

The animal immune system is a set of complex biological 
mechanisms that enable the animal to recognize and defend against 
foreign pathogens, such as bacteria, viruses, parasites, etc., while also 
removing damaged or aging cells in the body and maintaining the 
stability of the internal environment (28–30). Plant extracts have 
received attention for their naturalness, versatility, and potential 
animal health and immunity benefits. They contain various bioactive 
substances, such as alkaloids, polyphenols, flavonoids, polysaccharides, 
and volatile oils, which are closely related to immune function (2, 3). 
Immunoglobulins are a class of globulins with antibody activity or 
molecular chemical structure similar to antibodies, and they play an 
essential role in the animal immune system. B lymphocytes secrete 
immunoglobulin after being stimulated by an antigen, mainly in 
serum, body fluid, exocrine fluid, and some cell membranes, and have 
the efficacy and effect of anti-infection, improving immunity, and 
preventing and treating diseases (31–33). The complement C3 and 
C4 in serum are critical immune components that play a key role in 
animal immune response and inflammation. Complement C3 is the 
most abundant complement component in serum, while C4 is 
involved in the classical activation pathway of complement, and their 
content can reflect inflammation and immune system problems (34–
36). Gong et al. (26) found that Pueraria lobata leaf powder improved 
the thymus organ index, antioxidant performance, and immune 
functions of broiler chickens. Wang et al. (13) found that the puerarin 
treatment afforded a significant linear enhancement in the thymus 
index and significantly increased serum immunoglobulin A and 
immunoglobulin M levels in pigeons in a linear manner of pigeons. 

FIGURE 1

Effects of Pueraria extract on the expression of immune-related genes in jejunum mucosa of Wuzhishan piglets. (A) The data of relative expression 
levels of IL-10 (Interleukin-10) in Con, PE1, PE2, and PE3 were 1.00 ± 0.01c, 1.32 ± 0.03b, 1.47 ± 0.05a, 1.48 ± 0.07a, individually, p = 0.0237; (B) The data 
of relative expression levels of TNF-α (Tumor necrosis factor-α) in Con, PE1, PE2, and PE3 were 1.00 ± 0.01a, 0.83 ± 0.02b, 0.81 ± 0.01b, 0.81 ± 0.02b, 
individually, p = 0.0429; (C) The data of relative expression levels of MUC2 (Mucoprotein 2) in Con, PE1, PE2, and PE3 were 1.00 ± 0.01b, 1.57 ± 0.03a, 
1.60 ± 0.04a, 1.61 ± 0.05a, individually, p = 0.0436; (D) The data of relative expression levels of TGF-β1 (Transforming growth factor-β1) in Con, PE1, PE2, 
and PE3 were 1.00 ± 0.01a, 0.97 ± 0.04b, 0.72 ± 0.03c, 0.74 ± 0.05c, individually, p = 0.0268; (E) The data of relative expression levels of ZO1 (Zonula 
occludens-1) in Con, PE1, PE2, and PE3 were 1.00 ± 0.01c, 1.57 ± 0.05b, 1.92 ± 0.04a, 1.90 ± 0.07a, individually, p = 0.0357; (F) The data of relative 
expression levels of PCNA (Proliferating Cell Nuclear Antigen) in Con, PE1, PE2, and PE3 were 1.00 ± 0.01, 0.99 ± 0.01, 0.98 ± 0.01, 1.01 ± 0.01, 
individually, p = 0.0689. a,b,cValues with different small letter superscripts in the same column mean a significant difference (p < 0.05).
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Jung et al. (37) studied the effects of Lactobacillus casei HY2782 and 
Pueraria lobata root extract complex, and they found that it 
significantly reduced Th2/Th17-derived cytokines, immunoglobulin 
E, and leukotriene C4 in bronchoalveolar lavage fluid and serum in 
mice. In this study, the Pueraria extract improved the serum 
immunoglobulins (G and M) and complements (C3 and C4) of 
Wuzhishan piglets, which suggests that Pueraria extract can improve 
the immune performance of piglets by increasing the immunoglobulins 
and complements in the body.

Albumin, alkaline phosphatase, alanine aminotransferase, and 
glutamic oxalate aminotransferase are all critical indicators of animal 
immune function (38–40). Albumin is the most abundant protein in 
plasma, which can combine with many small insoluble molecules of 
organic matter and inorganic ions in the body to form soluble 
complexes and become the transport form of these substances in 
blood circulation (38). Albumin levels can reflect the nutritional status 
and immune function in animals, and low levels may indicate 
malnutrition or impaired immune function (39). Alkaline phosphatase 
is a nonspecific phosphohydrolase that can catalyze the hydrolysis of 
monophosphate and transfer phosphate groups (40). Alanine 
aminotransferase and glutamic oxalate aminotransferase are 
commonly used to assess liver health because they are highly active in 
liver cells (40). When liver cells are damaged, these enzymes are 
released into the blood, resulting in elevated serum aminotransferase 
activity (39, 40). In this study, the Pueraria extracts increased the 
albumin and alkaline phosphatase contents, and they decreased 
alanine aminotransferase and glutamic oxalate aminotransferase 
contents, which suggests that Pueraria extract has the function of 
protecting the animal liver, thereby directly or indirectly improving 
animal immune function.

Escherichia coli, Lactobacillus, Salmonella, and Saccharomycetes 
affect the balance of the gut microbiota through interactions with 
host cells, which impact the immune system (41–44). Probiotics such 
as Lactobacillus and Saccharomycetes usually help to enhance the 
immune response (45). In contrast, pathogens such as Salmonella and 
pathogenic Escherichia coli may activate the immune response to 
clear the infection (46, 47). Kwon et al. (48) found that Pueraria 
lobata extract increased the Lactobacillus rhamnosus in human fecal 
specimens. Xu et al. (49) found that the polyphenols extracted from 
Pueraria lobata root improved the gut microbiota in mice, and Chen 
et al. (50) reported that the polysaccharides from Pueraria lobata 
significantly increased the abundance of beneficial bacteria, including 
Oscillospira and Anaerotruncus. In this study, Pueraria extracts 
significantly increased the Saccharomycetes content while decreasing 
the content of Escherichia coli and Salmonella in the jejunum of 
Wuzhishan piglets. This finding directly demonstrates that Pueraria 
extracts have the ability to inhibit the growth of harmful bacteria 
while simultaneously promoting the growth of beneficial bacteria. 
These changes may indirectly enhance the immune function of pigs 
by improving gut barrier function and reducing the risk of pathogen 
infection, thereby improving the immunity of piglets, which is 
consistent with the improved immune indicators described above.

Interleukin-10 (IL-10) is a pleiotropic cytokine with 
immunosuppressive or immunostimulating effects (51). Mucin 2 
(MUC2) is a significant component of the intestinal mucus layer, 
which has the functions of lubricating the intestinal tract, providing 
antimicrobial proteins and adhesion sites for commensal flora, and 
resisting the invasion of pathogenic bacteria and harmful substances 

(52). Zonula occludens 1 (ZO1) is a tight junction protein that plays 
a vital role in forming and maintaining tight junctions between cells 
(53). Tumor necrosis factor-α (TNF-α) is an important cytokine that 
regulates inflammation, apoptosis, and immune cell activity (54). 
Transforming growth factor-β1 (TGF-β1) is a multifunctional 
cytokine synthesized by almost all cells and has the functions of 
immune regulation and promoting fibrosis (55). IL-10, MUC2, ZO1, 
TNF-α, and TGF-β1 play essential roles in the animal immune system 
and intestinal health, and they are involved in regulating the immune 
response and maintaining the integrity of the intestinal barrier 
through different mechanisms. In this study, the relative expressions 
of IL-10, MUC2, and ZO1 were increased, and the relative expressions 
of TNF-α and TGF-β1 were decreased in the groups treated with 
Pueraria extracts, which may be because the changes in the microbial 
community described above, by improving gut barrier function and 
reducing the risk of pathogen infection, indirectly affected the 
function of the immune system. It can be  speculated that the 
alterations in immune-related gene expression are likely associated 
with the changes in the gut microbial community, which will 
be further explored in future studies.

The Wuzhishan pig, a local pig breed, is distinguished by its small 
size and relatively slow growth rate, resulting in a longer growth cycle 
compared to other pig breeds. Typically, it requires a longer period to 
reach market weight. Although the study period allowed for the 
observation of significant improvements in growth performance and 
immune function of Wuzhishan pigs due to Pueraria extracts, it may 
not fully reflect the potential long-term impacts of prolonged use of 
Pueraria extracts on piglets. In this study, Pueraria extracts 
significantly enhanced the average daily gain and feed conversion ratio 
of Wuzhishan pigs. In the long term, these improvements may help 
piglets maintain better growth efficiency throughout their entire 
growth cycle, thereby reducing feeding costs. Pueraria extracts also 
increased the immunoglobulins and complement levels in piglets 
within a short period, suggesting that they may have a positive impact 
on the long-term immune function of piglets. It can be inferred that 
long-term use of Pueraria extracts may enhance the immune system 
of piglets, reduce disease incidence, and consequently improve the 
overall health status of the pig herd. Moreover, Pueraria extracts 
improved the number of beneficial bacteria in the piglets’ intestines 
while reducing the number of harmful bacteria in the short term. 
These changes may further optimize the gut microbiota structure and 
enhance gut barrier function over the long term, thereby reducing the 
incidence of intestinal diseases. However, while Pueraria extracts have 
shown positive effects on growth and immunity in the short term, 
long-term use may alter the piglets’ requirements and absorption of 
other nutrients. This could lead to the development of tolerance to 
Pueraria extracts, thereby reducing their effectiveness in later stages. 
Therefore, further research is needed to fully understand the long-
term effects and safety of Pueraria extracts in piglet diets.

5 Conclusion

In this study, adding dietary Pueraria extracts at 600 mg/kg to the 
diets of Wuzhishan piglets significantly improved growth performance 
by increasing final weight and average daily gain, while decreasing the 
feed conversion ratio. These findings indicate that Pueraria extracts 
can enhance feed efficiency and promote piglet growth, potentially 
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leading to economic benefits for pig farming. Additionally, Pueraria 
extracts enhanced immune function by boosting the levels of 
immunoglobulin G and M and complement 3 and 4, and by promoting 
beneficial bacteria such as Lactobacillus and Saccharomycetes in the 
jejunum. These results suggest that Pueraria extracts can be used as a 
natural and safe feed additive to improve the health status of piglets, 
thereby reducing the risk of diseases and the need for antibiotics. 
Future research endeavors will be dedicated to unraveling the intricate 
mechanisms through which Pueraria extracts exert their beneficial 
effects. This will involve investigating their role in regulating metabolic 
pathways and modulating the gut microbiota.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The animal study was approved by All procedures involving care 
and management were approved by the Institutional Animal Care and 
Use Committee of the Chinese Academy of Tropical Agricultural 
Sciences (Approval No.: CATAS-20231101-23). The study was 
conducted in accordance with the local legislation and 
institutional requirements.

Author contributions

HW: Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Software, Supervision, Validation, Visualization, Writing – 
original draft, Writing – review & editing. WP: Conceptualization, Data 
curation, Formal analysis, Funding acquisition, Investigation, 
Methodology, Project administration, Resources, Software, Supervision, 
Validation, Visualization, Writing – original draft, Writing – review & 
editing. XY: Conceptualization, Data curation, Formal analysis, 
Funding acquisition, Investigation, Methodology, Project 
administration, Resources, Software, Supervision, Validation, 
Visualization, Writing – original draft. XZ: Conceptualization, Data 
curation, Formal Analysis, Funding acquisition, Investigation, 
Methodology, Project administration, Resources, Software, Supervision, 
Validation, Visualization, Writing – original draft. FJ: Conceptualization, 
Data curation, Formal analysis, Funding acquisition, Investigation, 
Methodology, Project administration, Resources, Software, Supervision, 
Validation, Visualization, Writing  – original draft. QS: 
Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 

Resources, Software, Supervision, Validation, Visualization, Writing – 
original draft. RL: Conceptualization, Data curation, Formal analysis, 
Funding acquisition, Investigation, Methodology, Project 
administration, Resources, Software, Supervision, Validation, 
Visualization, Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was supported 
by the National Key Research and Development Program of China 
(No. 2024YFE0214700), the Central Public-interest Scientific 
Institution Basal Research Fund (No. 1630032024020), the Hainan 
Modern Agricultural Production Research System (HNARS-02-G03), 
the Joint Research on Modern Agricultural Technology Between 
China and Congo (B) (No. 1630032025001), and the China 
Scholarship Council (CSC) National Public Graduate Program for 
Building Highly Qualified Universities.

Acknowledgments

We extend our sincere gratitude to Ting Cao and Hanfeng Li from 
the Tropical Crops Genetic Resources Research Institute, Chinese 
Academy of Tropical Agricultural Sciences, Euphrème Ipemba and 
Ghislain Boungou Bakala from the National Centre for Crop Disease 
Control under the Ministry of Agriculture, Animal Husbandry and 
Fisheries of the Republic of Congo, and Lessebe Gambou Dieu Leveut 
from the China-aid-Congo (B) Agricultural Technology 
Demonstration Center of the Republic of Congo, for their valuable 
support in writing guidance and the provision of materials for 
this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
 1. Phan HT, Tran HX, Ho TT, Pham VT, Trinh VT, Nguyen TT, et al. Plant crude 

extracts containing oligomeric hemagglutinins protect chickens against highly 
pathogenic avian influenza virus after one dose of immunization. Vet Res Commun. 
(2023) 47:191–205. doi: 10.1007/s11259-022-09942-3

 2. Streatfield SJ, Howard JA. Plant-based vaccines. Int J Parasitol. (2003) 33:479–93. 
doi: 10.1016/s0020-7519(03)00052-3

 3. Li C, Cui Z, Deng S, Chen P, Li X, Yang H. The potential of plant extracts in cell 
therapy. Stem Cell Res Ther. (2022) 13:472. doi: 10.1186/s13287-022-03152-z

 4. Castillo M, Martín-Orúe S, Roca M, Manzanilla E, Badiola I, Perez J. The response 
of gastrointestinal microbiota to avilamycin, butyrate, and plant extracts 
in early-weaned pigs. J Anim Sci. (2006) 84:2725–34. doi: 10.2527/jas.2004- 
556

https://doi.org/10.3389/fvets.2025.1491130
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1007/s11259-022-09942-3
https://doi.org/10.1016/s0020-7519(03)00052-3
https://doi.org/10.1186/s13287-022-03152-z
https://doi.org/10.2527/jas.2004-556
https://doi.org/10.2527/jas.2004-556


Wu et al. 10.3389/fvets.2025.1491130

Frontiers in Veterinary Science 09 frontiersin.org

 5. Forte C, Ranucci D, Beghelli D, Branciari R, Acuti G, Todini L. Dietary integration 
with oregano (Origanum vulgare L.) essential oil improves growth rate and oxidative 
status in outdoor-reared, but not indoor-reared, pigs. J Anim Physiol Anim Nutr. (2017) 
101:352–61. doi: 10.1111/jpn.12612

 6. Michiels J, Missotten J, Dierick N, Fremaut D, Maene P, De Smet S. In vitro 
degradation and in  vivo passage kinetics of carvacrol, thymol, eugenol and trans-
cinnamaldehyde along the gastrointestinal tract of piglets. J Sci Food Agric. (2008) 
88:2371–81. doi: 10.1002/jsfa.3358

 7. Galanopoulos K, Stagos D, Petrotos K, Kokkas S, Kantas D, Goulas P, et al. Feed 
supplemented with polyphenolic byproduct from olive mill wastewater processing 
improves the redox status in blood and tissues of piglets. Food Chem Toxicol. (2015) 
86:319–27. doi: 10.1016/j.fct.2015.11.007

 8. Wang J, Yang F, Tao Y, Wang M, Zhao H. Phytochemicals and biological activities 
of Pueraria flower: a review. J Food Bioact. (2021) 13:40–51. doi: 10.31665/JFB.2020.13258

 9. Akira T, Tomoyasu K, Masahito T, Motoya I, Kinya T, Junei K. Oral toxicological 
studies of Pueraria flower extract: acute toxicity study in mice and subchronic toxicity 
study in rats. J Food Sci. (2013) 78:T1814–21. doi: 10.1111/1750-3841.12263

 10. Bharti R, Chopra BS, Raut S, Khatri N. Pueraria tuberosa: a review on traditional 
uses, pharmacology, and phytochemistry. Front Pharmacol. (2021) 11:582506. doi: 
10.3389/fphar.2020.582506

 11. Fan M, Bin G, Yi-qing M, Kun-wei L, Feng-ju N. Puerarin: a review of its 
mechanisms of action and clinical studies in ophthalmology. Phytomedicine. (2022) 
107:154465. doi: 10.1016/j.phymed.2022.154465

 12. Wei SY, Chen Y, Xu XY. Progress on the pharmacological research of Puerarin: a 
review. Chin J Nat Med. (2014) 12:407–14. doi: 10.1016/S1875-5364(14)60064-9

 13. Wang R, Li T, Pan Z, Chen H, Xu S, Lu X, et al. Effect of dietary Puerarin 
supplementation on growth performance, immune response, antioxidant capacity, and 
intestinal morphology in domestic pigeons (Columba livia). J Poult Sci. (2024) 
61:2024003. doi: 10.2141/jpsa.2024003

 14. Liu Z, Li N, Zheng Z, Zhang C, Liu Z, Song C, et al. Influence of lonicera japonica 
and radix Puerariae crude extracts on the fecal microbiome and nutrient apparent 
digestibility of finishing pigs. Animals. (2022) 12:2109. doi: 10.3390/ani12162109

 15. Guo S, Hu J, Ai S, Li L, Ding B, Zhao D, et al. Effects of Pueraria extract and 
curcumin on growth performance, antioxidant status and intestinal integrity of broiler 
chickens. Animals. (2023) 13:1276. doi: 10.3390/ani13081276

 16. Zhang P, Fang Z, Zhao M, Yi B, Huang Y, Yang H, et al. Ethanol extract of Pueraria 
lobata improve acute myocardial infarction in rats via regulating gut microbiota and bile 
acid metabolism. Phytother Res. (2023) 37:5932–46. doi: 10.1002/ptr.8005

 17. Niu M, Liu Y, Xiang L, Zhao Y, Yuan J, Jia Y, et al. Long-term case study of a 
Wuzhishan miniature pig with diabetes. Animal Model Exp Med. (2020) 3:22–31. doi: 
10.1002/ame2.12098

 18. Shao M, Wang Z, He Y, Tan Z, Zhang J. Fecal microbial composition and functional 
diversity of Wuzhishan pigs at different growth stages. AMB Express. (2021) 11:88. doi: 
10.1186/s13568-021-01249-x

 19. Hou G, Wang D, Guan S, Zeng H, Huang X, Ma Y. Associated analysis of single 
nucleotide polymorphisms of IGF2 gene's exon 8 with growth traits in Wuzhishan pig. 
Mol Biol Rep. (2010) 37:497–500. doi: 10.1007/s11033-009-9681-5

 20. Xu C, Xie J, Ji F, Peng W, Song Y, Diao X, et al. Supplementation of dietary semen 
vaccariae extracts to lactating sow diets: effects on the production performance, milk 
components, and gene expression related to mammogenesis. Front Vet Sci. (2023) 
10:1284552. doi: 10.3389/fvets.2023.1284552

 21. Wu H, Xu C, Wang J, Hu C, Ji F, Xie J, et al. Effects of dietary probiotics and 
acidifiers on the production performance, colostrum components, serum antioxidant 
activity and hormone levels, and gene expression in mammary tissue of lactating sows. 
Animals. (2023) 13:1536. doi: 10.3390/ani13091536

 22. Wu H, Wang S, Xie J, Ji F, Peng W, Qian J, et al. Effects of dietary lycopene on the 
growth performance, antioxidant capacity, meat quality, intestine histomorphology, and 
cecal microbiota in broiler chickens. Animals. (2024) 14:203. doi: 10.3390/ani14020203

 23. Wu H, Xie J, Peng W, Ji F, Qian J, Shen Q, et al. Effects of guanidinoacetic acid 
supplementation on liver and breast muscle fat deposition, lipid levels, and lipid 
metabolism-related gene expression in ducks. Front. Vet. Sci. (2024) 11:1364815. doi: 
10.3389/fvets.2024.1364815

 24. Sakai T, Kogiso M. Soy isoflavones and immunity. J Med Investig. (2008) 55:167–73. 
doi: 10.2152/jmi.55.167

 25. Ivashkevich A. The role of isoflavones in augmenting the effects of radiotherapy. 
Front Oncol. (2023) 12:800562. doi: 10.3389/fonc.2022.800562

 26. Gong J, Wu D, Li M, Qiu X, Jiang Y, Zhang J, et al. Effects of Pueraria lobata leaf 
powder as a feed additive on the immune system and growth performance of broiler 
chickens. Turk J Vet Anim Sci. (2022) 46:666–73. doi: 10.55730/1300-0128.4238

 27. Tiyasatkulkovit W, Malaivijitnond S, Charoenphandhu N, Havill LM, Ford AL, 
VandeBerg JL. Pueraria mirifica extract and puerarin enhance proliferation and 
expression of alkaline phosphatase and type I collagen in primary baboon osteoblasts. 
Phytomedicine. (2014) 21:1498–503. doi: 10.1016/j.phymed.2014.06.019

 28. Sattler S. The role of the immune system beyond the fight against infection. Adv 
Exp Med Biol. (2017) 1003:3–14. doi: 10.1007/978-3-319-57613-8_1

 29. Ganeshan K, Chawla A. Metabolic regulation of immune responses. Annu Rev 
Immunol. (2014) 32:609–34. doi: 10.1146/annurev-immunol-032713-120236

 30. Zhang A, Zou T, Guo D, Wang Q, Shen Y, Hu H, et al. The immune system can 
hear noise. Front Immunol. (2021) 11:619189. doi: 10.3389/fimmu.2020.619189

 31. Sun Y, Huang T, Hammarström L, Zhao Y. The immunoglobulins: new insights, 
implications, and applications. Annu Rev Anim Biosci. (2020) 8:145–69. doi: 
10.1146/annurev-animal-021419-083720

 32. Doron I, Kusakabe T, Iliev ID. Immunoglobulins at the interface of the gut 
mycobiota and anti-fungal immunity. Semin Immunol. (2023) 67:101757. doi: 
10.1016/j.smim.2023.101757

 33. Walther S, Rusitzka TV, Diesterbeck US, Czerny CP. Equine immunoglobulins and 
organization of immunoglobulin genes. Dev Comp Immunol. (2015) 53:303–19. doi: 
10.1016/j.dci.2015.07.017

 34. Copenhaver M, Yu CY, Hoffman RP. Complement components, C3 and 
C4, and the metabolic syndrome. Curr Diabetes Rev. (2019) 15:44–8. doi: 
10.2174/1573399814666180417122030

 35. Monach PA. Complement. Arthritis. Rheumatol. (2024) 76:1–8. doi: 
10.1002/art.42671

 36. Tringali E, Vetrano D, Tondolo F, Maritati F, Fabbrizio B, Pasquinelli G, et al. Role 
of serum complement C3 and C4 on kidney outcomes in IgA nephropathy. Sci Rep. 
(2024) 14:16224. doi: 10.1038/s41598-024-65857-w

 37. Jung SH, Bae CH, Kim JH, Park SD, Shim JJ, Lee JL. Lactobacillus casei HY2782 
and pueraria lobata root extract complex ameliorates particulate matter-induced airway 
inflammation in mice by inhibiting Th2 and Th17 immune responses. Prev Nutr Food 
Sci. (2022) 27:188–97. doi: 10.3746/pnf.2022.27.2.188

 38. Sleep D. Albumin and its application in drug delivery. Expert Opin Drug Deliv. 
(2015) 12:793–812. doi: 10.1517/17425247.2015.993313

 39. Green MR, Sambrook J. Alkaline phosphatase. Cold Spring Harb Protoc. (2020) 
2020:100768. doi: 10.1101/pdb.top100768

 40. Niu Y, Zhang Y, Sun Y, Sheng J, Lu W, Li J, et al. A combined association of obesity, 
alanine aminotransferase and creatinine with hyperuricemia in youth 
aged 13-20 years. Front Nutr. (2024) 11:1326039. doi: 10.3389/fnut.2024. 
1326039

 41. Jang J, Hur HG, Sadowsky MJ, Byappanahalli MN, Yan T, Ishii S. Environmental 
Escherichia coli: ecology and public health implications-a review. J Appl Microbiol. (2017) 
123:570–81. doi: 10.1111/jam.13468

 42. O'Callaghan J, O'Toole PW. Lactobacillus: host-microbe relationships. Curr Top 
Microbiol Immunol. (2013) 358:119–54. doi: 10.1007/82_2011_187

 43. Threlfall EJ. Antimicrobial drug resistance in Salmonella: problems and 
perspectives in food-and water-borne infections. FEMS Microbiol Rev. (2002) 26:141–8. 
doi: 10.1111/j.1574-6976.2002.tb00606.x

 44. Walker GM, Walker RSK. Enhancing yeast alcoholic fermentations. Adv Appl 
Microbiol. (2018) 105:87–129. doi: 10.1016/bs.aambs.2018.05.003

 45. Suez J, Zmora N, Segal E, Elinav E. The pros, cons, and many unknowns of 
probiotics. Nat Med. (2019) 25:716–29. doi: 10.1038/s41591-019-0439-x

 46. Williams NT. Probiotics. Am J Health Syst Pharm. (2010) 67:449–58. doi: 
10.2146/ajhp090168

 47. Sebastián Domingo JJ. Review of the role of probiotics in gastrointestinal 
diseases in adults. Gastroenterol Hepatol. (2017) 40:417–29. doi: 
10.1016/j.gastrohep.2016.12.003

 48. Kwon JE, Lee JW, Park Y, Sohn EH, Choung ES, Jang SA, et al. Biotransformation 
of Pueraria lobata extract with lactobacillus rhamnosus vitaP1 enhances anti-
melanogenic activity. J Microbiol Biotechnol. (2018) 28:22–31. doi: 
10.4014/jmb.1705.05087

 49. Xu X, Guo Y, Chen S, Ma W, Xu X, Hu S, et al. The positive influence of polyphenols 
extracted from Pueraria lobata root on the gut microbiota and its antioxidant capability. 
Front Nutr. (2022) 9:868188. doi: 10.3389/fnut.2022.868188

 50. Chen R, Liu B, Wang X, Chen K, Zhang K, Zhang L, et al. Effects of polysaccharide 
from Pueraria lobata on gut microbiota in mice. Int J Biol Macromol. (2020) 158:740–9. 
doi: 10.1016/j.ijbiomac.2020.04.201

 51. Saraiva M, Vieira P, O'Garra A. Biology and therapeutic potential of interleukin-10. 
J Exp Med. (2020) 217:e20190418. doi: 10.1084/jem.20190418

 52. Yamashita MSA, Melo EO. Mucin 2 (MUC2) promoter characterization: an 
overview. Cell Tissue Res. (2018) 374:455–63. doi: 10.1007/s00441-018-2916-9

 53. Siti Sarah CO, Nur Husna SM, Md SN, Wong KK, Mohd Ashari NS. Zonula 
occludens-1 expression is reduced in nasal epithelial cells of allergic rhinitis patients. 
PeerJ. (2022) 10:e13314. doi: 10.7717/peerj.13314

 54. Cruceriu D, Baldasici O, Balacescu O, Berindan-Neagoe I. The dual role of tumor 
necrosis factor-alpha (TNF-α) in breast cancer: molecular insights and therapeutic 
approaches. Cell Oncol. (2020) 43:1–18. doi: 10.1007/s13402-019-00489-1

 55. Moreau JM, Velegraki M, Bolyard C, Rosenblum MD, Li Z. Transforming growth 
factor-β1  in regulatory T cell biology. Sci Immunol. (2022) 7:eabi4613. doi: 
10.1126/sciimmunol.abi4613

https://doi.org/10.3389/fvets.2025.1491130
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1111/jpn.12612
https://doi.org/10.1002/jsfa.3358
https://doi.org/10.1016/j.fct.2015.11.007
https://doi.org/10.31665/JFB.2020.13258
https://doi.org/10.1111/1750-3841.12263
https://doi.org/10.3389/fphar.2020.582506
https://doi.org/10.1016/j.phymed.2022.154465
https://doi.org/10.1016/S1875-5364(14)60064-9
https://doi.org/10.2141/jpsa.2024003
https://doi.org/10.3390/ani12162109
https://doi.org/10.3390/ani13081276
https://doi.org/10.1002/ptr.8005
https://doi.org/10.1002/ame2.12098
https://doi.org/10.1186/s13568-021-01249-x
https://doi.org/10.1007/s11033-009-9681-5
https://doi.org/10.3389/fvets.2023.1284552
https://doi.org/10.3390/ani13091536
https://doi.org/10.3390/ani14020203
https://doi.org/10.3389/fvets.2024.1364815
https://doi.org/10.2152/jmi.55.167
https://doi.org/10.3389/fonc.2022.800562
https://doi.org/10.55730/1300-0128.4238
https://doi.org/10.1016/j.phymed.2014.06.019
https://doi.org/10.1007/978-3-319-57613-8_1
https://doi.org/10.1146/annurev-immunol-032713-120236
https://doi.org/10.3389/fimmu.2020.619189
https://doi.org/10.1146/annurev-animal-021419-083720
https://doi.org/10.1016/j.smim.2023.101757
https://doi.org/10.1016/j.dci.2015.07.017
https://doi.org/10.2174/1573399814666180417122030
https://doi.org/10.1002/art.42671
https://doi.org/10.1038/s41598-024-65857-w
https://doi.org/10.3746/pnf.2022.27.2.188
https://doi.org/10.1517/17425247.2015.993313
https://doi.org/10.1101/pdb.top100768
https://doi.org/10.3389/fnut.2024.1326039
https://doi.org/10.3389/fnut.2024.1326039
https://doi.org/10.1111/jam.13468
https://doi.org/10.1007/82_2011_187
https://doi.org/10.1111/j.1574-6976.2002.tb00606.x
https://doi.org/10.1016/bs.aambs.2018.05.003
https://doi.org/10.1038/s41591-019-0439-x
https://doi.org/10.2146/ajhp090168
https://doi.org/10.1016/j.gastrohep.2016.12.003
https://doi.org/10.4014/jmb.1705.05087
https://doi.org/10.3389/fnut.2022.868188
https://doi.org/10.1016/j.ijbiomac.2020.04.201
https://doi.org/10.1084/jem.20190418
https://doi.org/10.1007/s00441-018-2916-9
https://doi.org/10.7717/peerj.13314
https://doi.org/10.1007/s13402-019-00489-1
https://doi.org/10.1126/sciimmunol.abi4613

	Effects of Pueraria extracts on growth performance, immune function, and immune-related gene expression of Wuzhishan piglets
	1 Introduction
	2 Materials and methods
	2.1 Experiment material
	2.2 Experiment design and sample collection
	2.3 Growth performance
	2.4 Immune function
	2.5 Jejunal microorganism
	2.6 RNA extraction and quantitative analysis of mRNA with real-time PCR
	2.7 Statistical analysis

	3 Results
	3.1 Effects of Pueraria extracts on the growth performance of Wuzhishan piglets
	3.2 Effects of Pueraria extracts on serum immune indices of Wuzhishan piglets
	3.3 Effects of Pueraria extracts on serum biochemical indices of Wuzhishan piglets
	3.4 Effects of Pueraria extracts on the jejunum flora of Wuzhishan piglets
	3.5 Effects of Pueraria extracts on expression of immune-related genes in Wuzhishan piglets

	4 Discussion
	5 Conclusion

	References

