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The aim of this study is to evaluate the effects of Vitex negundo L. var. cannabifolia 
extract (VNE) on the growth performance, antioxidant status, blood chemistry, 
and cecal microbiota of broilers. A total of 240 one-day-old partridge broilers 
in total were randomly assigned to 5 treatment groups of 48 chicks each, which 
were divided into 6 replicates of 8 chicks. The first group (Control) was given the 
basal diet (only); the second group (Positive) was given the basal diet with 300 mg/
kg of Macleaya cordata extract, and the low-dose group (Low), the middle-dose 
group (Mid) and the high-dose group (High) were given the basal diet with VNE 
at a dose of 1.3, 2.6 and 3.9 g/kg diet, respectively. The results showed significant 
improvements (p < 0.01) in growth performance, with significant improvements in 
body weight, weight gain, and feed conversion ratio at 3.9 g/kg diet. Broilers in the 
high-dose VNE group exhibited a significant reduction in serum total cholesterol 
(TC), alanine aminotransferase (ALT), and albumin (ALB) compared to the control 
group. Furthermore, this group showed a concurrent increase in immunoglobulins 
(IgA, IgG, and IgM). Furthermore, the morphology and microbial content of the 
jejunum and ileum were improved in broilers fed on a diet supplemented with 
a high dose of VNE compared to the control group. Cecal microbiome analysis 
showed that VNE addition obviously improved cecal microbial composition, 
as indicated by the increased relative abundance of Clostridia vadinBB60, the 
Rikenellaceae Rc9 gut_group, Christensenellaceae_R-7_group, Clostridia UCG-014, 
and Anaerofilum. In conclusion, dietary supplementation with VNE increased the 
productive performance, immunity, and blood chemistry profile, while modulating 
cecal microbiota in broiler chicks.
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1 Introduction

Broiler chickens are a preferred choice in the poultry market due to 
their fast growth and exceptional feed efficiency, traits that are linked to 
their high metabolic energy demands (1). Various of low-inclusion feed 
additives, including phytogenics, acidifiers, prebiotics, probiotics, and 
antibiotics, have been added to broiler diets to enhance nutritional 
quality, improve animal performance, and promote health. Among 
these, antibiotics are commonly used specifically to mitigate the risk of 
bacterial infections (2, 3). However, excessive antibiotic use has led to 
bacterial resistance and environmental pollution, threatening animal 
welfare and reducing farm productivity (4). Thus, research on natural 
or synthetic alternatives to antimicrobials is growing, aimed at 
improving livestock health and maintaining regenerative production 
outcomes (5, 6). Among these, plant metabolites from traditional 
Chinese medicine have emerged as a key research focus owing to their 
wide availability, diverse sources, and antibacterial, antioxidant, and 
gut-regulating properties (7). For example, Macleaya cordata extract is 
a commercial natural feed additive used in poultry farming (e.g., 
chickens, ducks, and geese) via a multi-target regulation mechanism 
that improves growth and health performance (8). Additionally, 
Scutellaria baicalensis and Lonicerae flos extracts were found to promote 
growth performance and engage in inter-crosstalk with gut microbes to 
modulate gut barrier function (9). Therefore, it is a good opportunity to 
investigate more potential feed addictive among numerous natural 
herbs, and highlight further research to enhance our understanding of 
these herbs.

Vitex negundo L. var. cannabifolia (Sieb. & Zucc.) Hand.-Mazz. is 
a widely used herbal medicine in Traditional Chinese Medicine. It is 
documented in the Pharmacopoeia of the People’s Republic of China, 
with pharmacological effects including immunomodulatory, 
antipyretic, analgesic properties and anti-inflammatory properties (10, 
11). Various chemical components, including lignans, flavonoids, 
terpenes, and phenolic acids, have been isolated from this plant and 
have been shown to exhibit aforementioned pharmacological activities 
(12, 13). However, few studies have investigated the use of Vitex 
negundo L. var. cannabifolia or its extracts in livestock production. 
Our previous study showed that the 60% ethanol extract of Vitex 
negundo L. var. cannabifolia has a high total flavonoid content 
(43.17 mg/g) and can improve growth performance in broiler chickens 
(14, 15). However, its active components and underlying mechanisms 
remain unclear.

This study tests the hypothesis that dietary supplementation with 
Vitex negundo L. var. cannabifolia extract (VNE) enhances broiler health 
and productivity by improving growth performance, modulating blood 
biochemistry, and promoting a beneficial cecal microbiota composition. 
Our findings aim to evaluate the potential of VNE as a sustainable 
phytogenic feed additive that could serve as an alternative to conventional 
growth promoters, thereby contributing to poultry production.

2 Materials and methods

2.1 Preparation of plant extract and 
phytochemical profiling

Vitex negundo L. var. cannabifolia were collected, dried, and 
subsequently pulverized with a grinder. Then, the whole plant powder 

was extracted with 30% EtOH for 3 h and freeze-dried to obtain the 
final extract.

A total of 0.8 mL of the filtered sample was prepared for detection by 
an H-Class ultraperformance liquid chromatography (UPLC) system 
(Waters, Massachusetts). Large-scale quantitative mass spectrometry 
using the Triple TOF 6600+ System (AB Sciex Framingham, 
Massachusetts) was used to analyze positive and negative ion modes. The 
detection system used an ACQUITY UPLC HSS T31.8 μm, 2.1 × 100 
mm column. The mobile phase A was 0.1% formic acid in water, and the 
mobile phase B was 0.1% formic acid in acetonitrile. The elution rate was 
0.4 mL/min, the column temperature was 40 °C, the collection time was 
30 min, and the injection volume was 2 μL. The gradient elution 
procedure was as follows: 0–1.5 min at 0–5% B; 1.5–2.5 min at 5–10% B; 
2.5–14 min at 10–40% B; 14–25 min at 40–95% B; 25–26 min at 95 to 5% 
B; 26–30 min at 5% B. To further determine the compound composition 
in VNE and eliminate redundant structures, the data were subjected to 
a database search and identification analysis. The AB Sciex mass 
spectrometry data were uploaded to Progenesis QI (Waters Technologies) 
and searched against a compound mass spectrometry database (a self-
built database edited using MySQL, containing chemical structural 
formulas, names, mass spectrometry fragments, and so on, with the 
database file format being SDF). Compounds with a mass spectrometry 
fragment score >30 were then screened based on their matching scores.

2.2 Animals and experimental procedure

A total of 240 healthy and vaccinated one-day-old male partridge 
broilers (Tu No.5) were purchased from Guangdong Zhiwei Agricultural 
Technology Co., Ltd., with an average body weight of 53.51 ± 0.92 g. All 
experimental procedures were conducted in compliance with ethical 
guidelines and were approved by the Institutional Animal Care and Use 
Committee of the Institute of Animal Health at the Guangdong 
Academy of Agricultural Sciences, according to the Guangdong 
Province Laboratory Animal Management Regulations 
(YC-PT2024061). The birds were housed in galvanized metal cages 
(180 × 80 × 80 cm), with one feeder and one scaled water tank per cage. 
The experimental room was maintained at a constant temperature of 
32 °C, and the relative humidity was maintained at 50–65%. A 23L:1D 
lighting schedule was used for the first 7 days, followed by a 20 L:4D 
schedule until euthanized. All equipment was cleaned and disinfected 
daily. No health abnormalities or mortality were observed, and all birds 
remained healthy for the duration of the study.

After a one-week acclimatization period, the broilers were 
randomly separated into 5 groups, with each group consisting of 6 
replicates and 8 chickens per replicate: (1) the control group, (“Control”) 
which was fed a normal diet; (2) the positive group (“Positive”), which 
was fed a normal diet and 300 mg/kg of Macleaya Cordata extract, 
purchased from Hunan Micolta Biological Resources Co., Ltd. (Hunan, 
China); (3) the low dose group (“Low”), which was fed a normal diet 
and 1.3 g/kg of VNE; (4) the middle dose group (“Mid”), which was fed 
a normal diet and 2.6 g/kg of VNE; (5) the high dose group (“High”), 
which was fed a normal diet and 3.9 g/kg of VNE. The VNE 
supplementation doses (1.3, 2.6, and 3.9 g/kg of feed) were selected 
based on a prior pilot study. This range was chosen to establish a clear 
dose–response relationship and to deliver a targeted daily intake of 
flavonoids, which are the primary bioactive constituents of the extract. 
Throughout the 49-day experimental period, the broilers had free access 
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to food and water ad libitum. Daily feed intake, along with the initial 
and final body weights, was recorded to evaluate average daily gain 
(ADG), average daily feed intake (ADFI), and the feed/gain ratio (F/G).

2.3 Sample collection

At 49 days of age, two birds per replicate were randomly selected 
from each of the 6 replicates per treatment group for a total of 12 birds 
per treatment group; they were fasted for 12 h and subsequently 
euthanized by cervical dislocation. After euthanization, blood samples 
were collected from the brachial vein under the wing and placed in 
pre-labeled 10 mL centrifuge tubes, tilted, and left to stand at 
4 °C. After collection, the blood samples were centrifuged at 3000 rpm 
for 20 min at 4 °C. The supernatant serum was collected into 1.5 mL 
tubes and stored at −20 °C. After euthanization, the ceca were isolated 
and immediately transferred to clean tubes, and the cecal contents 
were collected from the cecum individually under a clean bench, 
immediately immersed in liquid nitrogen for initial preservation, and 
subsequently transferred to a −80 °C freezer for storage before the 
samples were sent to Majorbio (Majorbio Bio-Pharm Technology Co. 
Ltd., Shanghai, China) for microbial analysis.

2.4 Intestinal morphology

Immediately following euthanization, approximately 2–3 cm 
segments from the mid-jejunum and mid-ileum were collected. 
The segments were opened longitudinally, gently flushed with 
ice-cold phosphate-buffered saline (PBS, pH 7.4) to remove 
digesta, and then fixed in 4% paraformaldehyde solution for 24 h 
at 4 °C. After fixation, the tissues were dehydrated through a 
graded ethanol series, cleared in xylene, and embedded in paraffin 
wax. Serial sections of 5 μm thickness were cut using a microtome 
(Leica RM2235), mounted on glass slides, and stained with 
hematoxylin and eosin (H&E) following standard protocols. The 
stained sections were examined under a light microscope 
(Olympus CX23, Olympus, Japan) coupled with an image analysis 
system (cellSens Imaging, Olympus, Japan). Villus height (VH) 
was measured from the tip of the villus to the villus-crypt 
junction. Crypt depth (CD) was measured from the base of the 
crypt to the villus-crypt junction. For each intestinal segment per 
bird, 10 intact, well-oriented villi and their associated crypts were 
measured. The villus height to crypt depth ratio (VH: CD) was 
then calculated.

2.5 Analysis of clinical blood chemistry 
parameters

Twelve serum samples per treatment (for a total of 60 samples) 
were collected at 3,000 rpm for 20 min under 4 °C in a centrifuge. 
Direct Bilirubin (D-Bil), total Bilirubin (T-Bil), Triglycerides (TG), 
cholesterol (TC), Alkaline Phosphatase (ALP), Albumin (ALB), total 
protein (TP), alanine aminotransferase (ALT), and aspartate 
aminotransferase (AST) (Shenzhen Mindray Animal Medical 
Technology, China) were sent to the Automated Serum Chemistry 

Analyzer (Mindray BS 240 Measurement system, Shenzhen Mindray 
Animal Medical Technology, China) for analysis.

2.6 Quantification of cytokines by ELISA

Changes in the activities of serum total superoxide dismutase 
(T-SOD), Glutathione (GSH), and Malondialdehyde (MDA) were 
detected by ELISA according to the manual provided by the Nanjing 
Jiancheng Bioengineering Institute (Nanjing, China). Immune 
function analysis and inflammatory cytokine levels, including 
interleukin 1 beta (IL-1), interleukin 6 (IL-6), and tumor necrosis 
factor-alpha (TNF-α), were determined in serum using the 
immunoassay kits purchased from the Nanjing Jiancheng 
Bioengineering Institute (Nanjing, China).

2.7 Fecal 16S rRNA microbial analysis

Majorbio Bio-Pharm Technology Co., Ltd. (Shanghai, China) was 
entrusted to perform the 16S rRNA microbial analysis of broiler cecal 
contents. First, a DNA Kit was employed to isolate fecal DNA. Primers 
(forward: ACTCCTACGGGAGGCAG-CAG, reverse: GGACTA 
CHVGGGTWTCTAAT) were used to amplify the 16S rRNA genes, 
and PCR reactions were performed in triplicate. Miseq libraries were 
prepared using the TruSeqTM DNA Sample Preparation Kit (Illumina, 
San Diego, CA) and were subsequently sequenced on the Illumina 
Miseq PE 300 platform (Majorbio Bio-Pharm Technology Co. Ltd., 
Shanghai, China). The sequencing data were analyzed on the Majorbio 
Cloud Platform.1 α-diversity was indicated by the Chao1, ace, 
Simpson, and Shannon indices, and β-diversity was calculated and 
compared by principal coordinate analysis (PCoA), which illustrated 
differences in bacterial composition among groups. Linear 
discriminant analysis effect size (LEfSe) was used to identify the 
enriched bacteria for each group, and only taxa meeting an LDA 
significance threshold of >4.0 were shown. p-values were calculated 
using the Wilcoxon test (see Table 1).

2.8 Statistical analysis

All statistical analyses and graph generation were performed via 
SPSS 22.0 and GraphPad Prism 10.0. Production performance data 
were analyzed using a randomized design with pen as the experimental 
unit, and blood chemistry, serum ELISA, intestinal morphology, and 
cecal microbiome were analyzed using bird as the experimental unit. 
Comparisons involving three or more variables were analyzed using a 
one-way analysis of variance (ANOVA). For models showing a 
significant overall effect (p < 0.05), differences between individual 
treatment means were assessed using Tukey’s Honestly Significant 
Difference (HSD) post-hoc test. Correlations were assessed using 
Spearman’s rank-order correlation method. The data are presented as 

1  https://www.majorbio.com
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mean ± SEM. Significant differences are noted as follows: * (p < 0.05), 
** (p < 0.01), and *** (p < 0.001).

3 Results

3.1 Comprehensive component spectrum 
identification

The chemical components of VNE were analyzed via UPLC-
TOF-MS. The total ion chromatograms (TICs) of the extracts in the 
positive and negative ion modes are shown in Figure 1. Based on a 
mass spectrometry fragment score threshold of >30, the ion fragments 
in the mass spectrometry results were compared with the MS/MS 
fragments in a compound mass spectrometry database and published 
literature. A total of 37 compounds were identified by searching the 
compound mass spectrometry database (Table 2). This diverse group 
of components included 28 flavonoids, 5 diterpenes, 2 lactones, and 2 
phenolic acids.

3.2 Effect of VNE supplementation on 
growth performance

The feeding regimen consisted of two phases: an early (7–21 days) 
and a late (21–49 days) to evaluate changes in dietary response. During 
the early phase, there were no significant differences in growth 

performance between the Control and VNE-treated groups. However, 
obvious changes in ADG and FCR occurred during the late phase 
(p < 0.05; Table 3). Interestingly, ADG increased considerably (p < 0.001) 
in all VNE-treated groups compared to the control group. By the 49th 
day of the experiment, the difference in ADG between the VNE-treated 
groups and the control group was more pronounced, while the ADG of 
broilers in the low group (p < 0.01) was significantly higher than that of 
the control group, and the mid (p < 0.001) and high (p < 0.001) groups 
showed a significantly higher ADG than the control group. As shown in 
Table 3, the FCR of the low group (p < 0.01), medium group (p < 0.001), 
and high group (p < 0.001) showed a highly significant decrease 
compared to the control group.

3.3 Effect of VNE supplementation on the 
intestinal morphology of broilers

The effect of dietary VNE supplementation on the jejunal and ileal 
histomorphometry of 49-day-old broilers is shown in Figure 2. There 
were no significant changes in the villus height (VH) or crypt depth (CD) 
(p > 0.05) between the low-dose and high-dose groups. As shown in 
Table 4, jejunal VH increased significantly (p < 0.01) in the VNE-treated 
group, and ileal villus height increased significantly (p < 0.001) in the 
high-dose group. The villus-to-crypt ratio increased significantly in the 
low-dose group and high-dose groups for the jejunum and ileum. The 
VH/CD ratio increased significantly in the low- and high-dose groups 
for the jejunum (p < 0.01) and ileum (p < 0.05).

3.4 Effect of VNE supplementation on the 
clinical blood chemistry of broilers

The results in Table 5 show that VNE treatment slightly reduced 
the levels of direct bilirubin (D-Bil), total bilirubin (T-Bil), and 
aspartate aminotransferase (AST) in the serum of 49-day-old broilers 
(p > 0.05). Additionally, the serum alanine aminotransferase (ALT) 
concentration significantly decreased in both the low-dose and high-
dose groups (p < 0.05). The alkaline phosphatase (ALP) concentration 
increased in the high-dose VNE treatment group, while both dietary 
treatments, the phytogenic positive control and the VNE, led to a 
significant reduction in serum triglyceride (TG) (p < 0.05) levels 
compared to the control group (Table 5), suggesting an improvement 
in lipid metabolism. Serum albumin (ALB) levels were significantly 
elevated in the low-dose and high-dose groups (p < 0.05). Notably, the 
triglyceride content significantly decreased in the positive control and 
the Low groups (p < 0.05), with a more pronounced reduction in the 
Mid-and High groups (p < 0.01 and p < 0.001, respectively). Although 
the serum total cholesterol (TC) content showed a decreasing trend, 
the difference did not reach statistical significance.

3.5 Effect of VNE supplementation on 
cytokine release of broilers

As shown in Table 6, serum malondialdehyde (MDA) activity 
decreased significantly in the VNE-treated groups compared with the 
control group (p < 0.01). Superoxide dismutase (SOD) activity 
increased significantly (p < 0.01) in both the low- and high-dose 

TABLE 1  Formulation and nutrient content of the basal diet (DM base).

Raw material Content % Content %

7–21 days 22–49 days

Corn 50.91 54.53

Soybean meal 40.04 36.07

Soybean oil 4.88 5.74

Limestone 1 0.94

CaHPO4 2.18 1.97

Salt 0.45 0.34

Pre mixa 0.2 0.2

DL-methionine 0.24 0.13

Choline chloride (50%) 0.1 0.1

Total 100 100

Nutrients

Metabolizable energy, Kcal/kg 3004.76 3,098

Protein, % 21.53 20

Calcium, % 0.98 0.9

Total phosphorus, % 0.73 0.8

Available phosphorus, % 0.44 0.4

Lysine, % 1.2 1.1

Methionine, % 0.56 0.43

Methionine + cysteine, % 0.91 0.76

Threonine, % 0.83 0.77

Tryptophane, % 0.26 0.24
aEach premix provides the following nutrients per kg of diet: vitamin A, 95 KIU; vitamin D3, 
35 KIU; vitamin E, 180 mg; vitamin K3, 15 mg; vitamin B2, 50 mg; vitamin B6, 30 mg; vitamin 
B5, 17 mg; vitamin B6, 2.9 mg; vitamin B12, 50 mg; niacin, 300 mg; folate, 10 mg; zinc, 
1,100 mg; iron, 1,000 mg; copper, 600 mg; iodine,1,100 mg; selenium,12 mg and cobalt, 
100 mg.
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groups, while glutathione (GSH) levels were significantly higher in all 
the VNE-treated groups (p < 0.05). Following VNE supplementation, 
the production of interleukin-1β (IL-1β), interleukin-6 (IL-6), and 
tumor necrosis factor-α (TNF-α) decreased in a dose-dependent 
manner (p < 0.05).

The effect of dietary VNE supplementation on immunoglobulins 
in broilers was also evaluated. Broilers fed with the VNE-supplemented 
diet exhibited significantly higher IgG levels than the control group 
(p < 0.05). IgM and IgA levels were also significantly affected 
(p < 0.05). Furthermore, insulin-like growth factor-1 (IGF-1) levels 
were significantly higher in all VNE treatment groups than in the 
control group (p < 0.05). Growth hormone concentrations also 
increased significantly in all VNE treatment groups (p < 0.05, Table 6).

3.6 Analysis of the cecal microbiota 
community by 16S rRNA sequencing

To investigate changes in the composition and structure of the gut 
microbiota among all broilers, 16S rRNA sequencing was performed 

on the cecal contents. A total of 1,638 operational taxonomic units 
(OTUs) were detected across the five treatment groups, 769 of which 
were shared among all treatments. The control group contained 74 
unique OTUs, while the positive, low-dose, mid-dose, and high-dose 
VNE groups had 109, 93, 61, and 107 unique OTUs, respectively 
(Figure 3A).

The results of the cecal microbiota analysis showed no 
significant differences in the observed species or Chao1 index 
(p > 0.05; Figure. 3B). However, the Shannon index tended to 
increase (p < 0.05; Figure. 3C) in the mid and high-dose groups, 
and the Simpson index increased in the low-dose group (p < 0.01; 
Figure 3D) following VNE supplementation. Principal coordinate 
analysis (PCoA) and principal component analysis (PCA) showed 
that the microbial composition of the cecal digesta of broilers in 
the high-dose group was distinctly separate from that of the 
control group (Figures 3E,F). The top 10 phyla and 20 genera are 
highlighted in Figures 4A,B. At the phylum level, the dominant 
bacteria (relative abundance ≥5.0%) in the control group were 
Bacillota and Bacteroidota. Supplementation with AGP 
alternatives or VNE altered the cecal microbial community 

FIGURE 1

Components of Vitex negundo L. var. cannabifolia. The total ion chromatograms (TIC) for the positive (A) and negative (B) ion models.
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structure (Figure 4A). In the mid and high-dose groups, Bacillota 
was more dominant than in the control group, and a similar 
increase was also observed in the positive group. At the genus 
level, the dominant bacteria included Bacteroides, the 

Rikenellaceae Rc9 gut group, Streptococcus, Clostridia UCG-014, 
and Ligilactobacillus (Figure 4B).

Furthermore, LEfSe analysis was performed to identify taxa with 
significantly different relative abundances among groups. As shown 

TABLE 2  Identification results of Vitex negundo L. var. cannabifolia extract.

No. Retention 
time

m/z Compound Adducts Formula Score Mass 
error

1 1.22 185.0809 Aucubigenin M+H-H2O, M+H C9H12O4 51.4 −0.07

2 1.67 391.1252 Aucubin M-H, M+FA-H C15H22O9 45.3 −0.81

3 3.4 457.1134 Engeletin M+Na C21H22O10 31 6.54

4 3.88 375.1305 Mussaenosidic acid M-H C16H24O10 58.2 2.33

5 4.33 623.1646 Vitexin-2-O-rhamnoside M+FA-H C27H30O14 23.7 4.86

6 4.81 665.1761
Vitexin 2″-O-(4‴-O-acetyl) 

rhamnoside
M+FA-H C29H32O15 18.4 6.11

7 5.25 341.123 Myzodendrone M-H C16H22O8 48.8 −3.59

8 6.47 465.1435 Agnuside M-H C22H26O11 46.2 6.92

9 6.64 567.1369 Iridin M+FA-H C24H26O13 22.5 2.61

10 7.02 431.1011 Apigenin 7-glucoside M-H C21H20O10 85.3 6.38

11 7.29 287.0561 Kaempferol M+H C15H10O6 56 3.97

12 7.84 543.2464 Agnucastoside B M-H C26H40O12 70.3 3.05

13 7.98 433.1137 Isovitexin M+H C21H20O10 66.2 1.9

14 8.27 447.096 Isoquercetin M+H-H2O C21H20O12 2.11 8.13

15 8.3 445.1117 4′-O-Methylvitexin M-H C22H22O10 25.1 −5.26

16 8.35 463.0898 Kaempferol-3-Arabofuranoside M+FA-H C20H18O10 55 3.93

17 8.57 341.1034 Belamcandin M+H-H2O, M+H C19H18O7 22.8 4.08

18 8.94 433.1133 Vitexin M+H C21H20O10 61.9 0.81

19 9.18 525.2319 Agnucastoside A M+H-H2O C26H38O12 26.2 −2.12

20 10.04 285.041 5,7,2′,3′-Tetrahydroxyflavone M-H C15H10O6 34.9 1.91

21 10.06 301.0356 Quercetin M-H2O-H, M-H C15H10O7 56.1 −4.69

22 10.13 553.1353 Luteolin 7-(6″-p-benzoyglucoside) M+H C28H24O12 37.2 2.3

23 10.43 683.2031 Agnucastoside C M-H C34H36O15 54.9 7.24

24 10.84 579.1515 Vitexin2″-O-p-coumarate
M+H-H2O, 

M+H, M+Na
C30H26O12 64.4 3.05

25 12.23 361.0939 Irigenin M+H, M+Na C18H16O8 37.3 5.9

26 12.47 341.103 Penduletin 4′-methyl ether M+H-H2O C19H18O7 20.1 2.89

27 12.92 329.2342 Sanleng acid M-H C18H34O5 30.5 2.56

28 13 315.0524 Apigenin M+FA-H C15H10O5 14.3 5.09

29 14.31 375.1086 Casticin M+H, M+Na C19H18O8 35.1 3.11

30 16.49 393.23 Viteagnusin I M-H C22H34O6 90.1 4.49

31 16.79 487.3454 Lycoclavanin M-H, M+FA-H C30H48O5 56.9 5.19

32 18.09 423.2415 Vitexilactone M-H, M+FA-H C22H34O5 33.6 2.54

33 20.27 409.3464 β-sitosterol M+Na C27H46O 51.1 5.92

34 23.01 439.3588 Betulinic acid M+H-H2O, M+H C30H48O3 41.2 3.88

35 24.11 349.2743 Viteagnusin A M+H-H2O, M+H C22H36O3 35.6 1.04

36 24.11 291.2686 Viteagnusin C M+H-H2O, M+H C20H36O2 80.8 1.14

37 27.79 397.3838 β-sitosterol M+H-H2O C29H50O 36.9 2.24

https://doi.org/10.3389/fvets.2025.1713722
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Huang et al.� 10.3389/fvets.2025.1713722

Frontiers in Veterinary Science 07 frontiersin.org

in Figure 4C, VNE supplementation altered the distribution of 
differentially abundant taxa in OTUs between the control and 
VNE-treated groups. At the genus level, the dominant genera in the 
control group were Enterococcus cecorum, Bacteroides caecigallinarum, 
Escherichia shigellaun, an uncultured bacterium_g Parabacteroide, 
and g_Enterococcus, whereas in the high-dose group, Coprobacter 

fastidiosus, Christensenellaceae_R-7_group, Rikenellaceae Rc9_gut_
group, Clostridia_UCG-014, and Anaerofilum were more abundant. 
Overall, these findings suggest that VNE supplementation modifies 
the diversity and composition of the intestinal microbiota of broilers.

To further explore the metabolic potential of the altered microbial 
communities, functional and phenotypic abundance analyses were 

TABLE 3  Effect of VNE supplementation on the growth performance of broilers1.

Age (day) Item2 Ctrl Positive Low Mid High P-value

7–21 days ADFI 37.07 ± 0.023 36.61 ± 0.125 36.32 ± 0.366 36.03 ± 1.208 35.95 ± 0.554 0.155

ADG 16.43 ± 0.222 16.26 ± 0.213 17.11 ± 0.251 16.93 ± 0.208 16.71 ± 0.234 0.063

FCR 2.37 ± 0.088 2.25 ± 0.134 2.12 ± 0.066 2.12 ± 0.087 2.15 ± 0.114 0.326

21–49 days ADFI 67.16 ± 0.991 67.07 ± 0.416 65.42 ± 1.332 65.38 ± 0.202 65.80 ± 0.011 0.099

ADG 28.23 ± 0.687b 30.09 ± 0.648b 31.73 ± 0.705a 32.17 ± 1.189a 32.35 ± 1.243a 0.036

FCR 2.45 ± 0.081b 2.23 ± 0.101b 2.07 ± 0.015a 2.03 ± 0.016a 2.03 ± 0.191a 0.022

7–49 days ADFI 57.11 ± 0.111 56.92 ± 0.591 55.72 ± 0.567 55.60 ± 0217 55.86 ± 0.462 0.11

ADG 24.61 ± 0.621c 25.48 ± 0.589c 26.86 ± 1.68b 26.88 ± 0.651a 27.14 ± 0.153a <0.001

FCR 2.37 ± 0.038c 2.23 ± 0.054c 2.07 ± 0.033b 2.07 ± 0.073a 2.06 ± 0.191a <0.001

1Means (n = 6) within a row with different letters were significantly different (p < 0.05).
2ADFI, average daily feed intake; ADG, average daily weight gain; FCR, feed conversion ratio.

FIGURE 2

Effect of VNE supplementation on the intestine morphology of broilers. Representative images of the jejunum (A) and ileum (B) morphological 
structure, which was observed at 40× magnification.

TABLE 4  Effect of VNE supplementation on the intestine morphology of broilers1.

Item Control Positive Low Mid High p-value

Jejunum

Villi height/μm 799.32 ± 16.613b 894.01 ± 22.508b 934.95 ± 19.393a 908.87 ± 17.262a 939.31 ± 22.601a <0.001

Crypt depth/μm 56.94 ± 2.065 56.91 ± 2.455 55.73 ± 2.943 58.26 ± 2.641 56.05 ± 2.897 0.12

VH/CD 14.16 ± 0.411c 16.13 ± 1.101b 17.27 ± 1.011a 15.95 ± 0.835 18.05 ± 0.501a 0.019

Ileum

Villi height/μm 511.98 ± 1.671c 540.78 ± 1.268b 567.67 ± 9.475b 568.28 ± 14.815b 586.29 ± 10.831a <0.001

Crypt depth/μm 47.63 ± 1.363 48.18 ± 1.655 46.87 ± 1.518 45.94 ± 1.412 47.88 ± 1.567 0.359

VH/CD 10.84 ± 0.334c 11.51 ± 0.401b 12.6 ± 0.466a 11.72 ± 0.399b 12.42 ± 0.409a 0.038

1Means (n = 12) within a row with different letters were significantly different (p < 0.05).
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conducted. The Tax4Fun2 functional abundance analysis (Figure 4D) 
indicated that these microorganisms were associated with various 
pathways, including cell cycle control, cell division, microbial 
metabolism in diverse environments, two-component systems, 
pyrimidine metabolism, carbohydrate metabolism, lipid metabolism, 
cofactor and vitamin metabolism, and energy metabolism. 
Additionally, the PICRUSt2 functional abundance analysis revealed 
the involvement of these microorganisms in carbon metabolism, 
biosynthesis of secondary metabolites, biosynthesis of amino acids, 
amino acid metabolism, urine metabolism, cell cycle control, cell 
division, microbial metabolism in diverse environments, replication 
and repair, pyrimidine metabolism, carbohydrate metabolism, and 
lipid metabolism (Figure 4E).

3.7 Correlation analysis

Spearman correlation analysis was performed to examine the 
relationship between gut microbiota and intestinal development-
related indices. The abundance of Christensenellaceae_R-7_group, 
Rikenellaceae Rc9_gut_group, and Coprobacter fastidiosus was 

positively correlated with the IgM and IgA levels (p < 0.001), while the 
abundance of Christensenellaceae_R-7_group and Rikenellaceae 
Rc9_gut_group was negatively correlated with the IL-1β level 
(p < 0.01). Bacteroides caecigallinarum and an uncultured bacterium 
g Parabacteroides, were negatively related to IgM and IgA levels 
(p < 0.01) in addition to IGF-1 levels (p < 0.05), while positively 
related to IL-1β levels (p < 0.01). Moreover, Christensenellaceae_R-7_
group was negatively correlated with T-Bil, TC, ALP, and D-Bil 
(p < 0.05), while it was also negatively correlated with MDA level 
abundance (p < 0.01) (see Figure 5).

4 Discussion

Our study demonstrated that dietary supplementation with VNE 
enhanced growth performance in broilers, suggesting that VNE 
positively influences body weight gain and feed conversion ratio 
(FCR). The main advantage of plant extracts is their rich composition 
of bioactive compounds, which enables them to produce unique 
effects via multiple mechanisms. Vitex negundo L. var. Cannabifolia is 
a potential feed supplement for the livestock industry because it 

TABLE 5  Effect of VNE supplementation on the blood biochemistry of broilers1.

Item2 Control Positive Low Mid High p-value

D-Bil (μmol/L) 1.19 ± 0.063b 1.17 ± 0.116b 1.04 ± 0.109b 0.99 ± 0.093* 0.88 ± 0.129b 0.053

T-Bil (μmol/L) 2.75 ± 0.113 2.76 ± 0.127 2.44 ± 0.164 2.47 ± 0.098 2.42 ± 0.204 0.344

ALT (U/L) 1.909 ± 0.426 2.172 ± 0.261 1.168 ± 0.288 1.708 ± 0.241 1.434 ± 0.288 0.317

AST (U/L) 218.38 ± 20.351b 211.13 ± 9.248b 216.61 ± 12.075b 210.21 ± 7.974b 204.81 ± 7.481a 0.024

ALP (U/L) 1752.11 ± 153.55b 1721.1 ± 173.143b 1760.24 ± 194.769b 1706.34 ± 135.175b 1291.57 ± 127.406a 0.007

TP (g/L) 24.64 ± 3.967b 33.34 ± 0.773a 38.21 ± 2.393a 35.56 ± 1.255a 35.84 ± 2.611a <0.001

ALB (g/L) 10.34 ± 0.509 12.14 ± 0.324b 13.06 ± 0.848b 12.14 ± 0.515b 12.6 ± 1.039a 0.015

TG (mmol/L) 0.58 ± 0.103b 0.37 ± 0.041a 0.39 ± 0.04a 0.35 ± 0.029a 0.29 ± 0.019a 0.032

TC (mmol/L) 3.06 ± 0.308b 3.85 ± 0.161a 3.79 ± 0.017a 3.45 ± 0.145a 3.38 ± 0.14a 0.043

1Means (n = 12) within a row with different letters were significantly different.
2D-Bil, Direct Bilirubin; T-Bil, Total Bilirubin; ALT, alanine transaminase; AST, aspartate transaminase; ALP, Alkaline Phosphatase; TP, Total Protein; ALB, Albumin; TG, Triglycerides; TC, 
Total cholesterol.

TABLE 6  Effect of VNE supplementation on the serum cytokine of broilers1.

Item2 Control Positive Low Mid High p-value

MDA (mmol/L) 35.68 ± 3.82b 30.63 ± 5.79b 23.32 ± 3.44a 29.23 ± 3.93b 28.09 ± 0.54a 0.009

SOD (U/mL) 39.24 ± 4.342b 69.53 ± 10.85a 67.89 ± 4.60a 65.59 ± 5.071a 68.80 ± 3.33a 0.009

GSH (μmol/L) 7.24 ± 0.98c 13.14 ± 1.98a 15.89 ± 1.32a 10.98 ± 1.713b 12.40 ± 2.75b 0.007

IL-1β (ng/mL) 11.87 ± 1.71c 7.23 ± 0.82b 6.75 ± 0.83b 7.46 ± 0.979b 3.5 ± 0.639a <0.001

IL-6 (ng/mL) 12.81 ± 0.81b 10.99 ± 3.12a 5.07 ± 1.53a 7.65 ± 2.771a 4.87 ± 0.53a <0.001

TNF-a (ng/mL) 503.24 ± 32.68c 358.34 ± 28.93b 388.69 ± 20.04b 354.97 ± 35.05b 324.2 ± 30.47a 0.004

IgA (ng/mL) 178.33 ± 3.51b 189.93 ± 13.66b 179.48 ± 13.66b 220.43 ± 17.24b 262.83 ± 6.59a <0.001

IgG (ng/mL) 414.99 ± 40.98b 589.8 ± 53.35a 458.46 ± 29.32b 561.29 ± 34.47a 628.51 ± 57.55a 0.014

IgM (ng/mL) 259.23 ± 15.47b 273.69 ± 23.35b 312.66 ± 21.09a 371.76 ± 15.71a 383.47 ± 31.06a 0.002

IGF-1 (ng/mL) 271.08 ± 18.01b 354.83 ± 51.73a 408.72 ± 28.05a 405.83 ± 23.21a 417.09 ± 40.17a 0.037

GH (ng/mL) 27.35 ± 2.63b 59.42 ± 11.91a 58.18 ± 8.18a 63.62 ± 8.78a 60.81 ± 4.74a 0.021

1Means (n = 12) within a row with different letters were significantly different.
2MDA, Malondialdehyde; SOD, superoxide dismutase; GSH, Glutathione; IL-1β, interleukin 1β; IL-6, interleukin 6; TNF-α, tumor necrosis factor alpha; IgG, Immunoglobulin G; IgA, 
Immunoglobulin A; IgM, Immunoglobulin M; IGF-1, Insulin-like Growth Factor-1; GH, growth hormone.
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FIGURE 3

Effect of VNE supplementation on the diversity of the cecal microbiota of broilers. (A) A Venn diagram based on the OTU level. Alpha diversity indices 
observed species (B), Chao1 index, (C) Shannon index, (D) Simpson index. (E) Principal coordinate analysis (PCoA) based on Bray-Curtis. (F) Principal 
components analysis (PCA) based on Bray-Curtis. Compared with the control group, values with significant differences were marked (n = 12; *: 
p < 0.05, **: p < 0.01).

FIGURE 4

Effect of dietary supplementation with VNE on the cecal microbiota of broilers. (A) Microbial composition at the phylum level; (B) microbial 
composition at the genus level; (C) linear discriminant analysis effect (LEfSe) size of the intestinal microbiota (LDA > 4, p < 0.05); (D) predicted 
functional categories annotated by KEGG at Level 2 using Tax4Fun2; (E) predicted functional categories annotated by KEGG at Level 2 using PICRUSt2.
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contains valuable bioactive ingredients, such as flavonoids and 
terpenoids (16). In this study, we expected that adding VNE to the diet 
would improve growth performance in broiler chickens. It is well 
recognized that natural products improve broiler growth performance 
by modulating a healthy intestinal environment (17). Consistent with 
this, the enhancement in broiler growth performance following VNE 
treatment was closely associated with improved gut function, as 
evidenced by beneficial changes in intestinal morphology and 
strengthened mucosal barrier integrity. Intestinal morphology, 
including villus height, crypt depth, and the villus-to-crypt depth 
ratio, plays a crucial role in nutrient digestion and absorption. In the 
present study, VNE supplementation increased jejunal and villus 
height, in addition to the villus height-to-crypt depth ratio, indicating 

an expansion of the intestinal absorptive surface area and establishing 
an optimized microenvironment for efficient nutrient uptake (18).

While the present study demonstrates the efficacy of VNE, a 
balanced discussion requires consideration of its safety profile. It is 
important to note that the bioactivity of phytogenic compounds is 
inherently dose-dependent, where sub-therapeutic levels may be 
ineffective and excessively high doses could potentially induce adverse 
effects (19). A critical finding of the present study is that no mortality 
or abnormal development was observed in broilers fed VNE at any 
supplementation level (up to 3.9 g/kg). This, combined with the 
absence of negative impacts on blood chemistry and intestinal 
function reported in the results, provides strong in vivo evidence that 
the dosage range used here falls within a safe and therapeutic window.

FIGURE 5

Correlation analysis between the gut microbiome and the serum development-related index. Heat map of Spearman’s correlation coefficient between 
the gut microbiota and the serum development-related index. In the figure, blue indicates negative correlations, and red represents positive 
correlations. *: p < 0.05, **: p < 0.01, ***: p < 0.001. Data are shown as means ± SEM; n = 12.
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Biochemical indicators of liver and kidney function, along with 
blood chemistry, offer valuable insight into the overall health and 
physiological state of broilers (20). In our study, the 
VNE-supplemented diet resulted in significant differences in blood 
serum concentrations and liver enzyme activities. Elevated ALT levels 
are commonly associated with liver damage or dysfunction (21), while 
reduced levels are often indicative of improved liver health (22). The 
decrease in ALT levels observed in our study suggests that VNE 
treatment may enhance liver function, likely due to its antioxidant and 
anti-inflammatory effects. Total protein (TP) and albumin levels may 
reflect protein metabolism and hepatic status (23). Enhanced TP and 
ALB levels are indicators of hepatic function, and supporting hepatic 
function in broilers by supplementing their diets with VNE may help 
protect their livers from damage. Triglycerides (TG) are the main 
constituents of body fat in animals, and total cholesterol (TC) is an 
important constituent (30%) of all cell membranes. Research in both 
humans and animal models has established that elevated serum 
triglycerides (TG) and total cholesterol (TC) are independent risk 
factors for the development of cardiovascular and hepatic metabolic 
disorders, which are often driven by lipid accumulation and oxidative 
stress (24, 25). In the present study, dietary supplementation with 
VNE significantly reduced serum TG concentrations and induced a 
downward trend in TC levels. This hypolipidemic effect suggests that 
VNE actively contributes to maintaining systemic lipid homeostasis 
in broilers. The observed reduction is likely attributable to VNE’s rich 
flavonoid content, which may inhibit hepatic de novo lipogenesis and/
or enhance fatty acid β-oxidation. By promoting a healthier blood 
lipid profile, VNE supplementation could play a crucial role in 
protecting broilers from metabolic ailments associated with lipid 
dysregulation, thereby supporting overall metabolic health.

Plant medicines have been reported to exhibit favorable 
antioxidant properties in animals (26). The primary defense 
mechanism of antioxidant systems involves the suppression of free 
radical generation and lipid peroxidation, both of which elevate MDA 
production. Free radical-induced cell damage leads to lipid 
peroxidation, the extent of which can be quantified by measuring 
Malondialdehyde (MDA), a key end product of this process (27). The 
results indicate that adding VNE to the diets slightly decreased serum 
MDA concentration in broilers. Additionally, there was a marked 
increase in SOD and GSH activities in the serum of broilers fed with 
VNE. These results reveal that the inclusion of VNE in feed could 
alleviate oxidative stress in chickens by enhancing their endogenous 
antioxidant defense system. Consistent with this, the use of other 
flavonoid-based probiotics also resulted in elevated SOD and GSH 
activities and reduced MDA concentrations in broilers (28). Plant-
based probiotics can regulate the immune response by stimulating 
cytokines, which in turn stimulate host resistance and promote the 
elimination of potential pathogens (29). Inflammatory factors include 
IL-1β, IL-6, and TNF-α. These factors are important inflammatory 
mediators in animals and play significant roles in immune regulation. 
In this study, VNE supplementation reduced the secretion of IL-1β, 
IL-6 and TNF-α, which helped chickens protect themselves from 
harmful physical or chemical stimuli, decreased the level of IL-1, 
promoted immune function, and protected the body from excessive 
inflammation. IgG is used for the prevention, treatment, detection, 
and neutralization of pathogens without closely activating the host’s 
own immune system (30). The concentration of IgG can reflect the 
immune status of animals (31). IgM plays an important role in acute 

infection in broilers (32). High IgM levels protect broilers from 
pathogens. VNE supplementation was found to increase the levels of 
IgG, IgA, and IgM, which can neutralize pathogens, improve the 
immune function of the intestinal surfaces of broilers, and ultimately 
boost the immune performance in chickens. IGF-1 acts on the 
gastrointestinal tract in several ways, including promoting the growth 
and survival of intestinal cells and influencing gut barrier function 
(33). GH promotes the proliferation of intestinal epithelial cells, 
enhances nutrient absorption, and influences the composition of the 
gut’s microbial community (34). VNE supplementation was observed 
to improve the levels of IGF-1 and GH in the serum, maintaining 
intestinal cell proliferation and promoting growth performance 
in broilers.

The diverse microbial community in the chicken gastrointestinal 
tract plays a crucial role in maintaining health and performance, 
with bacterial stability supporting nutrient digestion, absorption, 
and immune defense. Previous research has demonstrated that 
flavonoid supplementation contributes to balancing the intestinal 
flora in animals by promoting the proliferation of beneficial bacteria 
and reducing the presence of pathogenic bacteria (35). Consistent 
with this, our study found that VNE supplementation alters the 
composition and structure of the intestinal microbiota in broilers 
by increasing the abundance of beneficial bacteria, such as 
Bacteroides, Rikenellaceae Rc9 gut_group, and 
Christensenellaceae_R-7_group. Higher Bacteroides abundance has 
been linked to improved weight gain and feed conversion ratios in 
broilers, which may be attributed to efficient nutrient extraction and 
reduced metabolic waste (36). In chickens, these metabolic 
functions are critical for efficient nutrient absorption and energy 
utilization, directly impacting feed conversion efficiency (37). Our 
study also indicated that while the dominant microbial families 
were found to be consistent in both microbiomes, significant 
bacterial biomarkers emerged upon closer examination of the less 
abundant families. Several beneficial microbes identified in the 
VNE LEfSe analysis, such as the Coprobacter fastidiosus, 
Christensenellaceae R-7 group, Clostridia vadinBB60, 
Faecalicoccus_ pleomorphus, Clostridia UCG-014, and 
Anaerofilum, were considered important biomarkers (with a higher 
LDA score) in the cecal microbiota of the high group. Coprobacter 
fastidiosus produces short-chain fatty acids, such as propionic acid 
and acetic acid, which serve as an energy source for the host. The 
Christensenellaceae R7 group is associated with healthy animals 
and has been linked to improved feed efficiency in both chickens 
and pigs, by regulating energy balance and modulating hormones 
linked to fat storage and insulin resistance (38, 39). The role of the 
Clostridiales vadin BB60 group in metabolism is mostly unknown. 
However, some studies have suggested that these bacteria have a 
potential role in establishing healthy cecal flora in broiler chicks, in 
modulating the immune system, and in the production of SCFA 
(40, 41). Clostridia UCG-014 modulate the gut microbiota, 
improving microbial metabolites and gut barrier function through 
the activation of the aryl hydrocarbon receptor to upregulate 
epithelial tight junction proteins (42). Faecalicoccus pleomorphus 
breaks down plant-derived complex carbohydrates into simpler 
molecules, making them available for absorption by other bacteria 
or the host (43). The genus Anaerofilum is found in the gut 
microbiota, where it helps break down nutrients, produce vitamins, 
and support immune system development (44, 45). Pairwise 
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correlation analysis indicated that harmful bacteria positively 
correlate with pro-inflammatory cytokines and pro-oxidant 
enzymes, while negatively correlating with anti-inflammatory 
cytokines, blood biochemistry parameters, and antioxidant 
enzymes. Previous studies have suggested that flavonoid 
supplementation could help prevent immune system decline in 
broilers (46). The gut microbiota interacts with the host’s immune 
system, modulating cytokine expression and affecting the severity 
of viral and bacterial infections. Flavonoids can regulate the gut 
microbiota, alleviating intestinal inflammatory injury by reducing 
oxidative stress and intracellular bacterial crosstalk, and enhancing 
antimicrobial peptides (9, 47, 48); in addition, flavonoids have been 
widely reported to be related to developmental states (49, 50). The 
modulation of intestinal metabolism can be considered another 
important factor affected by the intestinal microbiome (51). Overall, 
comparative analyses demonstrated that these key microbial groups 
may improve the microbial community environment by inhibiting 
the proliferation of harmful bacteria and promoting probiotic 
growth, which highlights their potential importance for VNE in 
both the development and absorption of the broilers.

Significant changes in metabolic pathways were identified 
using PICRUSt2 as opposed to Tax4Fun2. The observed 
enrichment of pivotal microbial metabolic pathways—specifically 
pyrimidine, carbohydrate, and lipid metabolism—in the high-
dose VNE group provides compelling, multi-faceted mechanistic 
insights into improved growth performance. This systemic 
enhancement suggests that VNE supplementation does not merely 
modulate the structure of the microbial community but 
fundamentally amplifies its functional capacity. The upregulation 
of carbohydrate and lipid metabolic pathways is particularly 
significant, as it points to more efficient microbial fermentation 
of dietary components that are otherwise indigestible by the host 
(52). Collectively, these VNE-induced functional shifts in cecal 
microbiome function create a synergistic effect: a more 
metabolically active and stable microbial ecosystem that enhances 
host energy harvest, improves nutrient utilization, and ultimately 
results in the superior growth metrics observed in these broilers. 
This alignment between specific microbial metabolic functions 
and host zootechnical parameters significantly strengthens the 
premise that the cecal microbiota is a key mediator of VNE’s 
efficacy as a natural growth promoter.

In conclusion, the present study demonstrated that dietary 
VNE supplementation at 1.3–3.9 g/kg has beneficial effects on 
growth performance and regulates host immune function, 
antioxidant capacity, and serum biochemistry. It also modulates 
the intestinal morphology and gut microbiome of broiler chickens. 
The incorporation of plant extracts as feed additives is limited by 
the need to standardize bioactive compounds to ensure stability 
during feed processing and bioavailability in the animals, and to 
manage their variable efficacy and potential palatability issues 
across different species and diets. Overall, this study provides 
compelling evidence that VNE holds significant promise as an 
effective alternative to antibiotics for enhancing gut health and 
improving the production performance of broilers. In future 
research, attention should be given to the active substances and 
their material basis in VNE, along with their growth-promoting 
effects and related auspicious studies in larger populations.
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