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Introduction: Mastitis outbreaks in dairy goats at a farm in western Jiangxi 
Province, have recently imposed significant economic losses on farmers. This 
study aimed to identify the causative pathogen and implement targeted control 
measures for early disease eradication.
Methods: Pathological autopsy was performed on diseased goats submitted for 
examination. Pathological mammary gland tissues and milk cistern fluid were 
collected aseptically for bacterial isolation and purification. The isolated pathogen 
was characterized through colony morphology observation, Gram staining, 
biochemical tests, and 16S rDNA gene sequencing. Pathogenicity was assessed 
using an animal challenge test in mice. In vitro antibacterial susceptibility testing 
was conducted using 30 Antibiotics (e.g., cefradine, cephalexin, cefuroxime), 18 
Chinese herbal medicines (CHMs; e.g., Rhus chinensis (Galla Chinensis), Coptis 
chinensis (Chinese Goldthread), Punica granatum (Granati Pericarpium)), and 15 
phytogenic extracts (e.g., Berberine, Gallic acid, Tannic acid).
Results: A Gram-positive bacterium was isolated from the diseased tissues. 
Biochemical profiling and 16S rDNA sequencing identified the isolate as 
Staphylococcus caprae. The animal challenge test confirmed the isolate’s 
strong pathogenicity in mice. Susceptibility testing indicated that the isolate 
was susceptible to Antibiotics such as cefradine, cephalexin, cefuroxime, and 
ciprofloxacin, while showing the poorest susceptibility to penicillin among the 
tested antibiotics. Among the CHMs and phytogenic extracts, Rhus chinensis 
(Galla Chinensis), Coptis chinensis (Chinese Goldthread), Punica granatum 
(Granati Pericarpium), Berberine, Gallic acid and Tannic acid demonstrated 
superior antibacterial efficacy.
Discussion: This study provides multiple therapeutic and preventive options 
(CHMs, Antibiotics, phytogenic extracts) for mastitis control on this farm. It also 
offers valuable insights into the identification and treatment of mastitis in dairy 
goats, contributing to safeguarding goat health and ensuring dairy product 
safety.
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1 Introduction

The global dairy goat industry is predominantly concentrated in 
Asian countries, significantly improving livelihoods for low- and 
middle-income populations in the region. Although countries 
surrounding the Mediterranean Basin in Europe possess only 5.1% of 
the world’s dairy goat population, they contribute 15.6% of global goat 
milk production, playing a critical role in local economic development 
(1). Compared to bovine milk, caprine milk exhibits superior lipid 
digestibility, lower allergenicity, and higher mineral bioavailability. It 
is also rich in conjugated linoleic acid, which plays significant roles in 
immune function and growth regulation (2). With growing global 
market demand for goat milk products (3), the health status of dairy 
goats directly determines the industry’s economic returns. However, 
the prevalence of subclinical mastitis in dairy goats ranges from 30 to 
50%, leading not only to reduced milk yield and deteriorated milk 
quality but also potentially causing systemic infections. This impacts 
animal welfare and market value, resulting in substantial economic 
losses (4). In addition, raw goat milk may be a potential source of the 
spread of antibiotic-resistant pathogens between animals and humans, 
threatening the environment and human health (5). Consequently, 
mastitis has emerged as the core bottleneck constraining the 
sustainable development of the dairy goat industry.

Subclinical mastitis in dairy goats represents a costly disease within 
the caprine dairy industry, caused by complex polymicrobial infections 
involving bacteria such as Coagulase-negative staphylococci (CNS), 
Staphylococcus aureus, Escherichia coli, Streptococci, and Mycoplasma. 
Notably, the predominant pathogens vary significantly across regions 
and farming systems (6–8). While tests including somatic cell count 
(SCC), the California Mastitis Test (CMT), and infrared thermography 
are considered useful farm-level screening tools, their reliability remains 
insufficiently validated (9). These methods also suffer from limitations 
such as time consumption and diagnostic inaccuracies. Precise 
identification of the dominant pathogens is therefore a prerequisite for 
effective control. For mastitis management, antibiotics remain the 
primary preventive and therapeutic approach. However, indiscriminate 
use contributes to the spread of antimicrobial resistance and drug residue 
issues. CHMs and phytogenic extracts are derived from nature, have low 
residues, and demonstrate excellent antibacterial and antifungal potential 
(10–12). Nevertheless, the lack of systematic antimicrobial susceptibility 
data for dairy goat mastitis pathogens and the unclear mechanisms of 
action of these alternatives restrict their clinical application.

Staphylococcus caprae (S. caprae), a coagulase-negative 
staphylococcus, was first isolated and systematically described from goat 
skin and dairy products by Devriese et al. (13). Subsequent studies have 
demonstrated its ability to induce various human diseases, including 
dermatitis, arthritis, osteomyelitis, endocarditis (14), neonatal sepsis, 
and meningitis (15), suggesting its potential as a zoonotic pathogen.

In this study, tissue lesions were examined via hematoxylin and 
eosin (H&E) staining of pathological samples. Pathogenic bacteria 
were isolated, purified, and cultured, followed by identification 
through Gram staining, biochemical tests, and 16S rDNA sequencing 
analysis to determine the predominant pathogen causing mastitis in 
dairy goats at a farm in western Jiangxi Province. The pathogenicity 
of the isolate was assessed using a mouse challenge model. 
Furthermore, in vitro antimicrobial susceptibility testing was 
conducted to compare the inhibitory effects of antibiotics, CHMs, and 

phytogenic extracts. This study aims to evaluate the antibacterial 
performance of drugs, guide precise clinical medication, and lay the 
foundation for the potential application of natural herbs as alternatives 
to antibiotics.

2 Materials and methods

2.1 Pathological samples

Mammary tissue and milk cistern fluid were aseptically collected 
from a mastitic dairy goat submitted by a farmer from a farm in 
western Jiangxi Province. The affected goats primarily exhibited udder 
atrophy, characterized by significantly reduced size, palpable hard 
masses, and absence of milk secretion. The collected samples were 
stored at −80 °C.

2.2 Hematoxylin and eosin staining

Mammary tissue samples were rinsed with physiological saline, 
fixed in 10% formalin solution, and embedded in paraffin. Paraffin-
embedded tissues were deparaffinized through graded alcohols and 
rehydrated in water. Subsequently, sections were cut and stained with 
H&E (Solarbio Science & Technology Co., Ltd., Beijing, China). 
Stained sections were observed under an Olympus BX43 microscope 
(Olympus Corporation, Tokyo, Japan).

2.3 Isolation, purification of bacteria and 
microscopic examination by Gram staining

Milk cistern fluid samples from affected goats were thawed at 
room temperature and inoculated onto Nutrient Agar plates. After 
spread-plating, the plates were incubated at 37 °C for 24 h in a 
constant-temperature incubator. Predominant colonies were selected 
and subcultured onto Baird-Parker Agar, Columbia CNA Agar with 
5% Sheep Blood, Staphylococcus aureus Chromogenic Medium, 
Nutrient Agar, and MacConkey Agar (Qingdao Hope Bio-Technology 
Co., Ltd., Qingdao, Shandong, China). These plates were then 
incubated at 37 °C for 24 h. Colony morphology, size, and color were 
observed to confirm the predominant colony types. Single colonies 
of the predominant type(s) were inoculated into Nutrient Broth for 
enrichment. Following enrichment, the broth cultures were 
repeatedly streaked onto the aforementioned selective and 
non-selective media. This purification process was iterated until the 
morphology of all the colonies on the plate is exactly the same. Three 
to six typical colonies were selected for Gram staining and 
microscopic examination.

2.4 Biochemical identification tests

Typical purified colonies were picked and inoculated into 
bacterial miniaturized biochemical test tubes containing melibiose, 
mannitol, N-acetylglucosamine, mannose, fructose, maltose, 
lactose, and trehalose, as well as into a coagulase test using rabbit 
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plasma (Qingdao Hope Bio-Technology Co., Ltd., Qingdao, 
Shandong, China). All tests were incubated at 35 °C for 24 h in a 
constant-temperature incubator. Biochemical reaction results were 
recorded after the incubation period.

2.5 16S rDNA gene sequencing and 
identification

Genomic DNA was extracted from the bacterial isolates using a 
Bacterial DNA Extraction Kit (Solarbio Science & Technology Co., 
Ltd., Beijing, China). The 16S rDNA gene was amplified by 
polymerase chain reaction (PCR) using the 2 × GSTaq PCR Mix Kit 
(Beijing Jinshen Biotechnology Co., Ltd., Beijing, China). The PCR 
products were then electrophoresed on a 2% agarose gel for 
verification. DNA bands were visualized and photographed using a 
GenoSens1880 Gel Imaging System (Qinxiang Scientific Instrument 
Co., Ltd., Shanghai, China). The specific target DNA band was 
excised from the agarose gel under UV illumination. The amplified 
DNA fragment was purified from the gel slice using an Agarose Gel 
DNA Recovery Kit (Solarbio Science & Technology Co., Ltd., Beijing, 
China). The purified PCR products were preserved and submitted to 
Shanghai Biosune Biotechnology Co., Ltd. (Shanghai, China) and 
Shanghai Sangon Biotech Co., Ltd. (Shanghai, China) for bidirectional 
Sanger sequencing. Following assembly with Seqman software, the 
resulting sequences were subjected to BLAST analysis against the 
GenBank database on the NCBI website to determine their 
phylogenetic affiliations. Subsequently, MEGA 11.0 software was 
applied for multiple sequence alignment to construct a phylogenetic 
tree and identify the species of bacteria.

2.6 Animal challenge experiment

A total of 20 healthy Kunming mice (10 females weighing 
34.0 ± 0.5 g and 10 males weighing 40.0 ± 0.5 g) were used. The mice 
were randomly divided into a control group and a challenge group 
(n = 10 each), with each group comprising five mice of each sex. 
Mice in the challenge group received an intraperitoneal injection of 
0.5 mL of a bacterial suspension adjusted to 20 McFarland standard 
turbidity (approximately 6 × 109 CFU/mL). The infection dose was 
determined through the pre-experiment of gradient concentration 
in the early stage. The results of the pre-experiment indicated that 
this dose could establish a stable bacterial load in the organs of mice 
within 24 h. Control mice were injected intraperitoneally with an 
equal volume of sterile physiological saline. After the infected group 
showed clinical symptoms, all mice were euthanized via cervical 
dislocation and subjected to necropsy. Euthanasia procedures were 
followed based on the Chinese Association for Laboratory Animal 
Sciences guidelines. All protocols were approved by the Institutional 
Animal Care and Use Committee of Yichun University (Approval 
No. JXSTUDKY2022009). Tissue samples from the heart, liver, 
spleen, lung, and kidney were aseptically collected for bacterial 
re-isolation culture. Additionally, representative lesions observed in 
these organs were fixed in 10% neutral buffered formalin, processed 
for histopathological examination by hematoxylin and eosin (H&E) 
staining, and examined microscopically as described in the 
previous section.

2.7 Preparation of susceptibility disks for 
antibiotics, CHMs, and phytogenic extracts

2.7.1 Antibiotics
Susceptibility disks for 30 Antibiotics were commercially obtained 

(Hangzhou Microbial Reagent Co., Ltd., Zhejiang, China) and used as 
per the manufacturer’s instructions.

2.7.2 CHMs
Eighteen CHMs (Kangmei Pharmaceutical Co., Ltd., Guangzhou, 

China) were individually processed. For each herb, 40 g was placed in 
a beaker, soaked in 400 mL of ultrapure water for 60 min, and then 
decocted by boiling vigorously followed by simmering for 60 min. The 
decoction was filtered through gauze. The residue was subjected to a 
second extraction with an additional 400 mL of ultrapure water, using 
the same boiling and simmering procedure for 60 min, followed by 
filtration. The two filtrates were combined and concentrated under 
reduced pressure to a final volume of 40 mL, achieving a concentration 
equivalent to 1 g crude herb per mL. The concentrated decoction was 
sterilized by autoclaving at 121 °C for 30 min. Sterile filter paper disks 
(6 mm in diameter) were immersed in the sterile decoction for 24 h. 
The impregnated disks were then dried and stored at 4 °C for later use.

2.7.3 Phytogenic extracts
Fifteen phytogenic extracts (Shanghai Aladdin Biochemical 

Technology Co., Ltd., Shanghai, China) were individually prepared. 
For each extract, 2 mg was dissolved in 100 μL of dimethyl sulfoxide 
(DMSO) to yield a stock solution of 20 mg/mL. This solution was 
sterilized by filtration through a 0.22 μm pore-size membrane filter. 
Sterile filter paper disks (6 mm in diameter) were immersed in the 
sterile extract solution for 24 h. The impregnated disks were then 
dried and stored at 4 °C for later use.

2.8 Kirby-Bauer (K-B) disk diffusion 
susceptibility test

A bacterial suspension of the purified isolate was prepared in 
physiological saline and adjusted to a turbidity equivalent to the 0.5 
McFarland standard. This suspension was uniformly swabbed onto 
the surface of a Mueller-Hinton (MH) agar plate (Qingdao Hope 
Bio-Technology Co., Ltd., Qingdao, Shandong, China). Susceptibility 
disks were aseptically placed onto the inoculated agar surface. The 
plate was then incubated at 37 °C under aerobic conditions for 
16–18 h. Following incubation, the diameters of the zones of 
inhibition (D) around each disk were measured using digital calipers 
and recorded.

3 Results

3.1 Histopathological findings from H&E 
staining

Histopathological examination of H&E-stained sections revealed 
fibrosis of the mammary gland tissue, atrophy of mammary acini, 
extensive inflammatory cell infiltration, and multifocal granulomas in 
the dairy goats with mastitis (Figure 1).
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3.2 Colonial morphology and microscopic 
examination

As shown in Figure 2, the purified isolate exhibited distinct 
colonial morphologies on various media: On Baird-Parker agar, 
black, circular colonies with smooth, convex surfaces and no 
surrounding halo were observed. On Columbia CNA agar with 5% 
sheep blood, small, white, circular colonies displaying gamma-
hemolysis (γ-hemolysis) were present. On Staphylococcus aureus 
chromogenic medium, opaque, white, circular colonies grew. On 
nutrient agar, white, circular colonies with smooth, convex 
surfaces were formed. No growth was observed on 
MacConkey agar.

As shown in Figure 3, Gram staining of representative purified 
colonies revealed Gram-positive cocci arranged in characteristic 
grape-like clusters. The cells lacked visible spores, flagella, and a 
distinct capsule. Based on these morphological and staining 
characteristics, the isolate was identified as a Gram-positive bacterium 
belonging to the genus Staphylococcus.

3.3 Biochemical characterization

Following 24-h incubation at 35 °C in biochemical test tubes, the 
isolate exhibited: Positive reactions for: Mannose, Fructose, Maltose, 
Lactose, Trehalose, Sucrose, Urea. Negative reactions for: Melibiose, 
Mannitol, N-Acetylglucosamine, Xylose, Arginine Hydrolysis, Xylitol, 
Sorbitol. Coagulation of rabbit plasma was negative (Table 1). These 
biochemical profiles identified the isolate as coagulase-
negative staphylococci.

3.4 16S rDNA gene sequencing 
identification

DNA extracted from representative colonies was amplified by 
PCR and subjected to agarose gel electrophoresis. Gel documentation 
revealed a distinct band at 1,500 bp (Figure 4). The obtained sequences 
from the sequencing of the recovered products were assembled using 
Seqman, followed by homology comparison via NCBI-
BLAST. Multiple sequence alignment was performed using MEGA 
11.0 software to construct a phylogenetic tree (Figure 5). The results 

demonstrated that the isolated strain clusters within the same 
evolutionary branch as S. caprae strain GBRC-CAB40, with high 
sequence similarity, further confirming that the strain isolated in this 
study is S. caprae.

3.5 Virulence of Staphylococcus caprae in 
mice

The mice in the infection group showed mental depression, while 
controls remained normal. Bacterial isolates were recovered from all 
major organs (heart, liver, spleen, lung, kidney) (Figure 6). 
Histopathological analysis revealed multi-organ damage: cardiac 
tissue showed inflammatory infiltration; hepatic sections 
demonstrated hepatocellular swelling and necrotic congestion; 
pulmonary lesions featured alveolar epithelial hyperplasia with 
interstitial thickening and focal collapse; splenic pathology included 
marginal hemorrhage and sinus obliteration; renal damage manifested 
as tubulointerstitial fibrosis, epithelial desquamation, and peritubular 
inflammation (Figure 7).

3.6 Antimicrobial susceptibility profiling

3.6.1 Antibiotics susceptibility of Staphylococcus 
caprae

All tested antibiotics inhibited S. caprae growth with varying 
efficacy. High susceptibility was observed to: β-lactams: Cefazolin, 
Cefradine, Cephalexin, Cefuroxime, Fluoroquinolone: Ciprofloxacin. 
Conversely, poor susceptibility occurred with Penicillin, Ampicillin, 
Vancomycin, and Polymyxin B (Table 2).

3.6.2 CHMs susceptibility of Staphylococcus 
caprae

S. caprae exhibited: Susceptibility: Rhus chinensis (Galla 
Chinensis), Coptis chinensis (Chinese Goldthread). Intermediate 
susceptibility: Punica granatum (Granati Pericarpium), Scutellaria 
baicalensis (Scutellariae Radix), Terminalia chebula (Medicine 
Terminalia Fruit), Forsythia suspensa (Forsythia Fruit). Resistance: 12 
additional CHMs including Glycyrrhiza uralensis (Glycyrrhizae 
Radix), Prunus mume (Smoked Plum), Trichosanthes kirilowii 
(Snakegourd Fruit) (Table 3).

FIGURE 1

Hematoxylin and eosin (H&E) staining of pathological breast tissue (400×).
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3.6.3 Phytogenic extracts susceptibility of 
Staphylococcus caprae

S. caprae showed different susceptibilities to all the tested 
phytogenic extracts: Susceptibility: Berberine, Gallic acid, Tannic acid, 
Sodium houttuyfonate, Punicalagin. Intermediate susceptibility: 
Shikonin, Resveratrol, Naringenin, Baicalein, Chlorogenic acid, 
Caffeic acid, Quercetin, Phillyrin. Resistance: Pulsatilla saponin, 
Curcumin (Table 4).

4 Discussion

A primary challenge confronting the modern dairy goat industry 
is the minimization of mastitis incidence. The identification of mastitis 

pathogens provides crucial bacteriological information and facilitated 
the development of more effective disease control strategies. This 
study determined the predominant bacterial strain isolated from 
clinical samples, thereby expanding the epidemiological data on 
mastitis-causing pathogens in dairy goats from the Western of Jiangxi 
Province, China. Furthermore, the susceptibility of S. caprae to 
antibiotics, Chinese herbal medicines, and phytogenic extracts was 
evaluated. Through in vitro antibacterial assays, the abundant local 
resources of Chinese herbal medicines and phytogenic extracts can be 
transformed into economical, effective, and sustainable tools for 
mastitis control, thereby reducing dependence on antibiotics. This will 
ultimately help farmers in developing regions bolster their income, 
safeguard food safety, and promote the sustainable development of the 
livestock industry.

FIGURE 2

Colony morphology on differential media results. (A) Baird-Parker agar medium; (B) Columbia CNA blood agar plate; (C) Chromogenic medium for 
Staphylococcus aureus; (D) General nutrient agar medium; (E) MacConkey agar medium.

FIGURE 3

Gram staining results. Isolated bacteria from Columbia CNA blood agar plate (1,000×).
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Histopathological examination using hematoxylin and eosin 
(H&E) staining revealed characteristic tissue lesions, including 
extensive inflammatory cell infiltration, mammary tissue fibrosis, and 
multiple granulomas. These findings align with the clinicopathological 
outcomes of mastitis observed in bacterial challenge experiments 
reported by Singh et al. (16). Chronic non-suppurative mastitis has 
been shown to be significantly associated with Coagulase-negative 
staphylococci (CNS) infections (17). In this case, affected dairy goats 
exhibited mammary tissue atrophy, fibrosis, hardening, and nodular 
formations. The condition was only detected by the owner at advanced 
stages, suggesting the likelihood of chronic persistent mastitis. Given 
that S. caprae is a CNS species, these observations further indicate its 
potential threat in subclinical mastitis presentations.

In bacteriological identification, Abdalhamed et al. isolated 
bacteria from milk samples by streaking on sheep blood agar, followed 
by subculturing on selective media including mannitol salt agar, 
Salmonella-Shigella agar, Edwards medium, and MacConkey agar. 

Pathogens were ultimately diagnosed based on colony morphology, 
pigmentation, and hemolytic characteristics (18). This approach is 
similar to the colony morphology identification using five media 
employed in the present study, collectively providing enhanced 
reference standards for subsequent morphological assessments. Praja 
et al. identified Staphylococcus aureus based on growth and 
fermentation attributes on mannitol salt agar, Gram staining, and 
biochemical tests confirming catalase positivity, oxidase negativity, 
Voges-Proskauer positivity, coagulase positivity, and urease positivity 
(19). Similarly, Okoko et al. identified staphylococci based on growth 
and fermentation characteristics on mannitol salt agar and catalase 
positivity, subsequently differentiating S. aureus from CNS using rabbit 
plasma and coagulase tests (20). Building upon these methods, this 
study incorporated additional biochemical identification assessing 
bacterial utilization of substrates such as sugars, amino acids, and 
enzymes. Biochemical reactions were determined based on observable 
changes. Combined with a negative rabbit plasma test result, the isolate 
was confirmed as CNS. However, numerous possibilities for the specific 
predominant bacterial species remained (21), rendering the 
identification insufficient for guiding targeted farm management 
improvements. 16S rRNA detection is recognized as a more reliable 
and reproducible method for identifying CNS species causing caprine 
mastitis (22). In this study, 16S rDNA analysis identified S. caprae as 
the predominant bacterium isolated from mastitic mammary tissue 
samples of dairy goats. Notably, CNS species accounted for nearly 80% 
of pathogens detected in goat mastitis cases in Slovakia (23) and Italy 
(24), with S. caprae consistently observed as the most prevalent specific 
pathogen, followed by Staphylococcus epidermidis. Both species are 
frequently associated with chronic persistent mastitis, coinciding with 
the pathogen identification results and clinical manifestations observed 
in this study.

Our findings reveal a distinct in vitro antimicrobial susceptibility 
profile for the S. caprae isolate. Consistent with prior reports by 
Moroni et al. (25), β-lactam antimicrobials demonstrated high 
efficacy overall. Specifically, cephalosporins-including Cefazolin, 
Cefradine, Cephalexin, Cefuroxime-were the most sensitive agents 
in this study. This aligns with Moroni et al.’s observation that most 
β-lactams, except Cefoperazone, were effective against S. caprae (25). 
Fluoroquinolone susceptibility (14) is consistent with the 
Ciprofloxacin susceptibility observed here. Notably, while Moroni et 
al. identified benzylpenicillin (penicillin G) as the most potent single 
agent against S. caprae, with amoxicillin (alone or combined with 
clavulanic acid) also exhibiting high activity (24), a significant 
reduction in susceptibility to these agents (penicillin, ampicillin) was 
observed in our isolate. This discrepancy may be attributed to the 
potential development and enrichment of resistance genes, likely 
associated with prolonged on-farm usage of penicillin-class drugs by 
the owner. This hypothesis is supported by studies documenting 
higher ampicillin resistance frequencies in CNS isolated from goats 
with subclinical mastitis, suggesting a link between exposure history 
and resistance development within related species occupying the 
same ecological niche (26, 27). Furthermore, the observed poor 
susceptibility to vancomycin, polymyxin B, and furazolidone 
underscores the critical importance of susceptibility testing to guide 
therapy. Crucially, our results confirm the poor efficacy of tetracycline 
(24). Collectively, these findings highlight the imperative for prudent 
antimicrobial stewardship within livestock settings to preserve the 

TABLE 1  Biochemical characterization of bacterial isolates.

Items 1 2 3

Melibiose − − −

Mannitol − − −

Mannose + + +

N-acetylglucosamine − − −

Fructose + + +

Xylose − − −

Arginine hydrolysis − − −

Xylitol − − −

Malt sugar + + +

Lactose + + +

Trehalose + + +

Sucrose + + +

Urea + + +

Sorbitol − − −

“+” positive; “−” Negative.

FIGURE 4

Electrophoresis of PCR products from isolated strains (M: DL2000 
DNA marker; 1: Blank control; 2–5: Bacterial isolates).
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efficacy of antibiotics like β-lactams. Or it can be used in combination 
with CHMs to reduce the pressure of bacterial resistance (28).

Studies indicate that CHMs and their phytogenic extracts can 
ameliorate the pathological progression of subclinical mastitis 
through multiple pathways. First, they exert anti-inflammatory, 
antioxidant, and immunomodulatory properties via metabolomic 
regulation (29). Second, they suppress mammary inflammatory 
responses and pyroptosis by modulating the NF-κB pathway and 

NLRP3 inflammasome (30). Third, they exhibit significant 
antimicrobial activity against multidrug-resistant strains and 
effectively disrupt biofilm structures (31). Finally, they mitigate 
mastitis occurrence by modulating the gut microbiota (32). These 
mechanisms substantiate CHMs and phytogenic extracts as viable 
alternative strategies to conventional antimicrobials. In vitro 
susceptibility testing in this study revealed that among 18 tested 
CHMs, Rhus chinensis (Galla Chinensis), Coptis chinensis (Chinese 
Goldthread), Punica granatum (Granati Pericarpium), and 
Scutellaria baicalensis (Scutellariae Radix) demonstrated the most 
potent inhibitory effects. Among 15 phytogenic extracts, Berberine, 
Gallic acid, Tannic acid, Sodium houttuyfonate, and Punicalagin 
exhibited prominent activity. Notably, a clear correspondence exists 
between the antibacterial effects of the source herbs and their core 
bioactive constituents: Gallic acid and Tannic acid for Rhus 
chinensis, Berberine (the primary alkaloid) for Coptis chinensis, and 
Punicalagin (a polyphenol) for Punica granatum. This efficacy 
concordance between bioactive constituents and parent herbs 
validates the antibacterial mechanisms of CHMs at the molecular 
level, providing a scientific basis for their clinical application. 
Furthermore, the ica operon is recognized as crucial for regulating 
biofilm formation in S. caprae (33, 34). Convergent evidence shows 
that Rhus chinensis significantly inhibits ica gene expression (35), 
Sodium houttuyfonate can synergize with subinhibitory 
concentrations of erythromycin to inhibit the formation of biofilms 
and the expression of icaA (36), and the CHM formulation 
San-Huang Decoction [Coptis chinensis, Scutellaria baicalensis, 
Cortex Phellodendri Chinensis (Phellodendron chinense)] 
downregulates icaAD gene expression (37), both suppressing 
biofilm formation in antibiotic-resistant Staphylococci-aligning with 
the susceptibility results of this study. This suggests the ica operon 
may represent a key therapeutic target for CHMs and phytogenic 
extracts. Furthermore, Berberine, Gallic acid, Tannic acid and 
Punicalagin may inhibit mastitis pathogens by disrupting the lipid 
bilayer and microbial cell membranes, damaging cell walls, and 

FIGURE 5

16S rDNA gene phylogenetic tree. The number in parentheses is the GenBank accession number; The numbers at nodes represent the confidence 
values of bootstrap test with 1,000 repeated samples. 0.001 in the distance scale indicates units of genetic distance.

FIGURE 6

Bacteria isolated from various mouse organs and their corresponding 
Gram staining microscopy images (400×). (A) Liver, (B) spleen, 
(C) lung, (D) kidney, (E) heart.

https://doi.org/10.3389/fvets.2025.1690281
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Luo et al.� 10.3389/fvets.2025.1690281

Frontiers in Veterinary Science 08 frontiersin.org

suppressing bacterial growth and extracellular microbial enzymes 
(38–41). However, efficacy in vitro does not necessarily translate to 
efficacy in animal models. Rigorous in vivo clinical trials are 
essential to determine appropriate dosage, route of administration, 
and to evaluate safety and residue levels in milk (42). Future work 
will investigate the therapeutic effects of antibiotics, CHMs, and 
phytogenic extracts—both individually and in combination—using 
animal infection models.

Although previous studies have raised concerns about the 
potential zoonotic transmission of S. caprae (14, 15), our current 
focus on its in vitro antibacterial activity did not directly 

investigate this aspect. Nevertheless, observations from this study 
suggest that the actual zoonotic transmission risk appears to 
be minimal.

5 Conclusion

This study confirms that the dairy goat farm in western Jiangxi 
Province is experiencing persistent challenges with Staphylococcus 
caprae (S. caprae) infection. Furthermore, the pathogen exhibits a 
dual evolutionary trajectory toward enhanced antimicrobial 

FIGURE 7

Histopathological examination of mouse organs by H&E staining (400×).
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resistance and increased pathogenicity. Therefore, the targeted and 
rational use of antibiotics is imperative to mitigate t he development 
of resistance in S. caprae. Concurrently, consideration should be 
given to alternative or complementary therapies utilizing Chinese 
herbal medicines (CHMs) such as Rhus chinensis (Galla Chinensis), 
Coptis chinensis (Chinese Goldthread), Punica granatum (Granati 
Pericarpium), and Scutellaria baicalensis (Scutellariae Radix), or 
their phytogenic extracts including Berberine, Gallic acid, Tannic 
acid, Sodium houttuyfonate, and Punicalagin. Future research will 
focus on the molecular basis of drug resistance mechanisms and 
virulence evolution in S. caprae, systematically evaluate the in vitro 
and in vivo antibacterial effects of CHMs, and explore their 

synergistic interactions with conventional antibiotics, so as to 
facilitate the development of more applicable integrated strategies 
for disease control.

TABLE 2  Results of drug susceptibility test of antibiotics against S. 
caprae.

Drugs name (n = 3) Antimicrobial zone 
diameter

Mean (mm) ± SD

Cefazolin 43.3 ± 0.46

Cefradine 48.3 ± 0.4

Cephalexin 46.3 ± 0.63

Cefuroxime 44.3 ± 0.45

Ceftriaxone sodium 33.7 ± 0.49

Ceftazidime 24.7 ± 0.3

Cefoperazone 28.7 ± 0.58

Piperacillin 26.7 ± 0.58

Penicillin 19.3 ± 0.64

Oxacillin 29.7 ± 0.35

Ampicillin 23.3 ± 0.8

Carbenicillin 31.3 ± 0.8

Kanamycin 35.3 ± 0.5

Ofloxacin 37.0 ± 0.36

Neomycin 33.3 ± 0.5

Amikacin 32.7 ± 0.42

Tetracyclines 34.0 ± 0.25

Doxycycline 38.0 ± 0.35

Minocycline 35.7 ± 0.4

Erythromycin 33.3 ± 0.46

Aboren 29.0 ± 0.26

Clindamycin 32.0 ± 0.53

Vancomycin 22.7 ± 0.4

Pediatric compound sulfamethoxazole 

tablets

36.0 ± 0.4

Polymyxin B 22.0 ± 0.35

Chloroamphenicol 33.7 ± 0.35

Furazolidone 27.7 ± 0.32

Ciprofloxacin 41.3 ± 0.5

Gentamicin 36.7 ± 0.58

Norfloxacin 36.7 ± 0.45

“D” Antimicrobial zone diameter. D < 10 mm, Resistant; 10 mm ≤ D ≤ 15 mm, 
Intermediate; D > 15 mm, Susceptible.

TABLE 3  Results of drug susceptibility test of CHMs against S. caprae.

Drugs name (n = 3) Antimicrobial zone 
diameter

Mean (mm) ± SD

Trichosanthes kirilowii 6.0 ± 0

Glycyrrhiza uralensis 8.0 ± 0

Pulsatilla chinensis 6.0 ± 0

Viola philippica 6.0 ± 0

Carthamus tinctorius 6.0 ± 0

Prunus mume 6.3 ± 0.06

Leonurus japonicus 6.0 ± 0

Punica granatum 15.0 ± 0.1

Rhus chinensis 24.0 ± 0

Houttuynia cordata 6.0 ± 0

Lonicera japonica 6.0 ± 0

Taraxacum mongolicum 6.0 ± 0

Terminalia chebula 12.2 ± 0.03

Chrysanthemum morifolium 6.0 ± 0

Scutellaria baicalensis 14.7 ± 0.15

Coptis chinensis 22.0 ± 0

Paeonia lactiflora 6.0 ± 0

Forsythia suspensa 10.7 ± 0.12

“D” Antimicrobial zone diameter. D < 10 mm, Resistant; 10 mm ≤ D ≤ 15 mm, 
Intermediate; D > 15 mm, Susceptible.

TABLE 4  Results of drug susceptibility test of phytogenic extracts against 
S. caprae.

Drugs name (n = 3) Antimicrobial zone diameter
Mean (mm) ± SD

Sodium houttuyfonate 16.0 ± 0.17

Berberine 20.0 ± 0.2

Baicalein 13.2 ± 0.08

Resveratrol 14.5 ± 0.06

Chlorogenic acid 12.0 ± 0

Quercetin 10.7 ± 0.06

Gallic acid 20.0 ± 0.17

Naringenin 14.3 ± 0.06

Phillyrin 10.2 ± 0.08

Shikonin 15.0 ± 0.1

Tannic acid 16.3 ± 0.15

Pulsatilla saponin 8.7 ± 0.06

Caffeic acid 12.0 ± 0

Curcumin 8.2 ± 0.12

Punicalagin 15.5 ± 0.09

“D” Antimicrobial zone diameter. D < 10 mm, Resistant; 10 mm ≤ D ≤ 15 mm, 
Intermediate; D > 15 mm, Susceptible.

https://doi.org/10.3389/fvets.2025.1690281
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Luo et al.� 10.3389/fvets.2025.1690281

Frontiers in Veterinary Science 10 frontiersin.org

Data availability statement

The data presented in the study are deposited in the NCBI 
repository, accession number PX599637.1.

Ethics statement

The animal study was approved by Institutional Animal Care and 
Use Committee of Yichun University (Approval No. 
JXSTUDKY2022009). The study was conducted in accordance with 
the local legislation and institutional requirements.

Author contributions

JL: Data curation, Formal analysis, Investigation, Validation, 
Writing  – original draft, Writing  – review & editing. YW: Data 
curation, Formal analysis, Investigation, Validation, Writing  – 
original draft, Writing  – review & editing. WZ: Data curation, 
Formal analysis, Investigation, Methodology, Validation, Writing – 
original draft, Writing – review & editing, Conceptualization. CX: 
Validation, Writing  – original draft. JC: Validation, Writing  – 
original draft. BL: Conceptualization, Data curation, Formal 
analysis, Funding acquisition, Investigation, Methodology, Project 
administration, Resources, Supervision, Validation, Writing  – 
review & editing. XW: Methodology, Supervision, Writing – review 
& editing. MF: Methodology, Supervision, Writing  – review & 
editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work was supported by 

the Science and Technology Research Project of Jiangxi Provincial 
Department of Education (Nos. GJJ201622, GJJ211630), and Jiangxi 
Province “Three Regional Types” Talent Support Program 
Project (2025).

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.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

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.	Escareño, L, Salinas-Gonzalez, H, Wurzinger, M, Iñiguez, L, Sölkner, J, and 

Meza-Herrera, C. Dairy goat production systems: status quo, perspectives and challenges. 
Trop Anim Health Prod. (2013) 45:17–34. doi: 10.1007/s11250-012-0246-6

	2.	Turkmen, N. The nutritional value and health benefits of goat milk components. 
In: RR Watson, RJ Collier and VR Preedy, editors. Nutrients in Dairy and Their 
Implications on Health and Disease. Academic Press (2017). 441–9. doi: 10.1016/
B978-0-12-809762-5.00035-8

	3.	Miller, BA, and Lu, CD. Current status of global dairy goat production: an overview. 
Asian Australas J Anim Sci. (2019) 32:1219–32. doi: 10.5713/ajas.19.0253

	4.	Tibebu, A, Teshome, Y, Tamrat, H, and Bahiru, A. Mastitis in goat: a review of 
etiology, epidemiology, economic impact, and public health concerns. One Health 
(Amsterdam, Netherlands). (2025) 21:101131. doi: 10.1016/j.onehlt.2025.101131

	5.	Javed, MU, Ijaz, M, Ahmed, A, Rasheed, H, Sabir, MJ, and Jabir, AA. Molecular 
dynamics and antimicrobial resistance pattern of β-lactam resistant coagulase positive 
Staphylococcus aureus isolated from goat mastitis. Pak Vet J. (2024) 44:423–9. doi: 
10.29261/pakvetj/2024.182

	6.	Zhao, Y, Liu, H, Zhao, X, Gao, Y, Zhang, M, and Chen, D. Prevalence and pathogens 
of subclinical mastitis in dairy goats in China. Trop Anim Health Prod. (2015) 47:429–35. 
doi: 10.1007/s11250-014-0742-y

	7.	Zhang, Y, Bai, X, Wang, X, Lan, L, Yang, D, Zhang, B, et al. Characteristics of the 
milk microbiota of healthy goats and goats diagnosed with clinical mastitis in Western 
China. Microb Pathog. (2025) 206:107764. doi: 10.1016/j.micpath.2025.107764

	8.	Shi, H, Wang, L, Li, G, Li, D, Zhai, H, Ji, S, et al. Characteristic profiles of molecular 
types, antibiotic resistance, antibiotic resistance genes, and virulence genes of 
Staphylococcus Aureus isolates from caprine mastitis in China. Front Cell Infect Microbiol. 
(2025) 15:1533844. doi: 10.3389/fcimb.2025.1533844

	9.	Peckler, GL, and Adcock, SJJ. Evaluating somatic cell count, the California mastitis 
test, and infrared thermography for subclinical mastitis detection in meat ewes. Res Vet 
Sci. (2025) 193:105791. doi: 10.1016/j.rvsc.2025.105791

	10.	Ajose, DJ, Oluwarinde, BO, Abolarinwa, TO, Fri, J, Montso, KP, Fayemi, OE, et al. 
Combating bovine mastitis in the dairy sector in an era of antimicrobial resistance: 
ethno-veterinary medicinal option as a viable alternative approach. Front Vet Sci. (2022) 
9:800322. doi: 10.3389/fvets.2022.800322

	11.	Kabui, S, Kimani, J, Ngugi, C, and Kagira, J. Prevalence and antimicrobial 
resistance profiles of mastitis causing bacteria isolated from dairy goats in Mukurweini 
Sub-County, Nyeri County, Kenya. Vet Med Sci. (2024) 10:e1420. doi: 10.1002/vms3.1420

	12.	Issa, NA. Evaluation the antimicrobial activity of essential oils against veterinary 
pathogens, multidrug-resistant bacteria and dermatophytes. Pak Vet J. (2024) 44:260–5. 
doi: 10.29261/pakvetj/2024.165

	13.	Devriese, LA, Poutrel, B, Kilpper-Balz, R, and Schleifer, KH. Staphylococcus 
gallinarum and Staphylococcus caprae, two new species from animals. Int J Syst Bacteriol. 
(1983) 33:480–6. doi: 10.1099/00207713-33-3-480

	14.	de Los, D, Ríos, J, Navarro, M, Serra-Pladevall, J, Molinos, S, Puigoriol, E, et al. 
Clinical and Epidemiological Characteristics of Staphylococcus Caprae Infections in 
Catalonia, Spain. Microorganisms. (2025) 13:53. doi: 10.3390/microorganisms13010053

	15.	Pereira, MJ, Fernandes, A, Oliveira, Í, Calado, C, and Gaspar, L. Staphylococcus 
Caprae infections in neonatal intensive care units: a report of two cases. Cureus. (2024) 
16:e74124. doi: 10.7759/cureus.74124

	16.	Singh, M, Gupta, PP, Rana, JS, and Jand, SK. Clinico-pathological studies on 
experimental cryptococcal mastitis in goats. Mycopathologia. (1994) 126:147–55. doi: 
10.1007/bf01103768

	17.	Spuria, L, Biasibetti, E, Bisanzio, D, Biasato, I, De Meneghi, D, Nebbia, P, et al. 
Microbial agents in macroscopically healthy mammary gland tissues of small ruminants. 
PeerJ. (2017) 5:e3994. doi: 10.7717/peerj.3994

	18.	Abdalhamed, AM, Zeedan, GSG, and Zeina, H. Isolation and identification of 
bacteria causing mastitis in small ruminants and their susceptibility to antibiotics, 
honey, essential oils, and plant extracts. Vet World. (2018) 11:355–62. doi: 10.14202/
vetworld.2018.355-362

https://doi.org/10.3389/fvets.2025.1690281
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1007/s11250-012-0246-6
https://doi.org/10.1016/B978-0-12-809762-5.00035-8
https://doi.org/10.1016/B978-0-12-809762-5.00035-8
https://doi.org/10.5713/ajas.19.0253
https://doi.org/10.1016/j.onehlt.2025.101131
https://doi.org/10.29261/pakvetj/2024.182
https://doi.org/10.1007/s11250-014-0742-y
https://doi.org/10.1016/j.micpath.2025.107764
https://doi.org/10.3389/fcimb.2025.1533844
https://doi.org/10.1016/j.rvsc.2025.105791
https://doi.org/10.3389/fvets.2022.800322
https://doi.org/10.1002/vms3.1420
https://doi.org/10.29261/pakvetj/2024.165
https://doi.org/10.1099/00207713-33-3-480
https://doi.org/10.3390/microorganisms13010053
https://doi.org/10.7759/cureus.74124
https://doi.org/10.1007/bf01103768
https://doi.org/10.7717/peerj.3994
https://doi.org/10.14202/vetworld.2018.355-362
https://doi.org/10.14202/vetworld.2018.355-362


Luo et al.� 10.3389/fvets.2025.1690281

Frontiers in Veterinary Science 11 frontiersin.org

	19.	Praja, RN, Yudhana, A, Saputro, AL, and Hamonangan, JM. The first study on 
antimicrobial resistance of Staphylococcus aureus isolated from raw goat milk associated 
with subclinical mastitis in Siliragung subdistrict, East Java, Indonesia. Vet World. (2023) 
16:786–91. doi: 10.14202/vetworld.2023.786-791

	20.	Okoko, IM, Maina, N, Kiboi, D, and Kagira, J. β-lactam resistance in bacteria 
associated with subclinical mastitis in goats in Thika Subcounty, Kenya. Vet World. 
(2020) 13:1448–56. doi: 10.14202/vetworld.2020.1448-1456

	21.	Wesołowska, M, and Szczuka, E. Occurrence and antimicrobial resistance among 
Staphylococci isolated from the skin microbiota of healthy goats and sheep. Antibiotics 
(Basel, Switzerland). (2023) 12:1594. doi: 10.3390/antibiotics12111594

	22.	Onni, T, Sanna, G, Cubeddu, GP, Marogna, G, Lollai, S, Leori, G, et al. 
Identification of coagulase-negative staphylococci isolated from ovine milk samples by 
Pcr-Rflp of 16s Rrna and gap genes. Vet Microbiol. (2010) 144:347–52. doi: 10.1016/j.
vetmic.2010.01.016

	23.	Gancárová, B, Tvarožková, K, Oravcová, M, Uhrinčať, M, Mačuhová, L, Vašíček, D, 
et al. Somatic cell count and presence of microbial pathogens in milk of goats in 
Slovakia. J Dairy Res. (2025) 92:78–80. doi: 10.1017/s0022029925000354

	24.	Moroni, P, Pisoni, G, Antonini, M, Ruffo, G, Carli, S, Varisco, G, et al. Subclinical 
mastitis and antimicrobial susceptibility of Staphylococcus Caprae and Staphylococcus 
Epidermidis isolated from two Italian goat herds. J Dairy Sci. (2005) 88:1694–704. doi: 
10.3168/jds.S0022-0302(05)72841-1

	25.	Moroni, P, Vellere, F, Antonini, M, Pisoni, G, Ruffo, G, and Carli, S. Antibiotic 
susceptibility of coagulase-negative staphylococci isolated from goats’ milk. Int J 
Antimicrob Agents. (2004) 23:637–40. doi: 10.1016/j.ijantimicag.2003.10.007

	26.	Virdis, S, Scarano, C, Cossu, F, Spanu, V, Spanu, C, and De Santis, EPL. 
Antibiotic resistance in staphylococcus aureus and coagulase negative staphylococci 
isolated from goats with subclinical mastitis. Vet Med Int. (2010) 2010:1–6. doi: 
10.4061/2010/517060

	27.	Bora, P, Datta, P, Gupta, V, Singhal, L, and Chander, J. Characterization and 
antimicrobial susceptibility of coagulase-negative staphylococci isolated from clinical 
samples. J Lab Physicians. (2018) 10:414–9. doi: 10.4103/jlp.Jlp_55_18

	28.	Ahmad, S, Aqib, AI, Ghafoor, M, Shoaib, M, ul Haq, S, Ataya, FS, et al. Drug 
resistance modulation of dairy Mrsa through berberine, artesunate and quercetin 
in combination with β-lactams. Pak Vet J. (2024) 44:510–6. doi: 10.29261/
pakvetj/2024.171

	29.	Zhao, G, Li, H, Huang, L, Cheng, Y, Liu, J, Song, R, et al. Integrated multi-omics 
analysis reveals that Gongying San ameliorates subclinical mastitis by modulating 
intestinal microbiota and metabolites in dairy cows. Front Vet Sci. (2025) 12:1589900. 
doi: 10.3389/fvets.2025.1589900

	30.	Lv, X, Long, Q, Kang, Y, Lin, T, and Jiang, C. Combined effects of quinic acid and 
isochlorogenic acid B on Lps-induced inflammation and pyroptosis in Mac-T cells 
and mouse mammary glands. Front Vet Sci. (2025) 12:1476302. doi: 10.3389/
fvets.2025.1476302

	31.	Mezzasalma, N, Spadini, C, Spaggiari, C, Annunziato, G, Andreoli, V, Prosperi, A, 
et al. Antibacterial and antibiofilm activity of Eucalyptus Globulus leaf extract, asiatic 
acid and ursolic acid against bacteria isolated from bovine mastitis. Front Vet Sci. (2025) 
12:1565787. doi: 10.3389/fvets.2025.1565787

	32.	Xiang, Y, Li, Z, Liu, C, Wei, Z, Mo, X, Zhong, Y, et al. Pulsatilla Chinensis extract 
alleviate Staphylococcus Aureus induced mastitis in mice by regulating the inflammatory 
response and gut microbiota. Front Vet Sci. (2025) 12:1603107. doi: 10.3389/
fvets.2025.1603107

	33.	Oknin, H, Kroupitski, Y, Shemesh, M, and Blum, S. Upregulation of ICA operon 
governs biofilm formation by a coagulase-negative Staphylococcus Caprae. 
Microorganisms. (2023) 11:1533. doi: 10.3390/microorganisms11061533

	34.	d'Ersu, J, Aubin, GG, Mercier, P, Nicollet, P, Bémer, P, and Corvec, S. 
Characterization of Staphylococcus Caprae clinical isolates involved in human bone and 
joint infections, compared with goat mastitis isolates. J Clin Microbiol. (2016) 54:106–13. 
doi: 10.1128/jcm.01696-15

	35.	Wu, S, Liu, Y, Zhang, H, and Lei, L. The pathogenicity and transcriptome analysis of 
methicillin-resistant Staphylococcus Aureus in response to water extract of Galla chinensis. 
Evide Based Complement Alternat Med. (2019) 2019:3276156. doi: 10.1155/2019/3276156

	36.	Wu, D, Duan, Q, Xu, G, and Guan, Y. Sub-inhibitory concentrations of Sodium 
Houttuyfonate in combination with erythromycin inhibit biofilm formation and 
expression of icaa in Staphylococcus epidermidis. Jundishapur J Microbiol. (2019) 
12:e98009. doi: 10.5812/jjm.98009

	37.	Zhang, S, Wang, P, Shi, X, and Tan, H. Inhibitory properties of chinese herbal 
formula Sanhuang decoction on biofilm formation by antibiotic-resistant Staphylococcal 
strains. Sci Rep. (2021) 11:7134. doi: 10.1038/s41598-021-86647-8

	38.	Hashem, AE, Elmasry, IH, Lebda, MA, El-Karim, D, Hagar, M, Ebied, SKM, et al. 
Characterization and antioxidant activity of nano-formulated berberine and Cyperus 
rotundus extracts with anti-inflammatory effects in mastitis-induced rats. Sci Rep. (2024) 
14:18462. doi: 10.1038/s41598-024-66801-8

	39.	Mektrirat, R, Chuammitri, P, Navathong, D, Khumma, T, Srithanasuwan, A, and 
Suriyasathaporn, W. Exploring the potential immunomodulatory effects of gallic acid 
on milk phagocytes in bovine mastitis caused by Staphylococcus Aureus. Front Vet Sci. 
(2023) 10:1255058. doi: 10.3389/fvets.2023.1255058

	40.	Prapaiwong, T, Srakaew, W, Wachirapakorn, C, and Jarassaeng, C. Effects of 
hydrolyzable tannin extract obtained from sweet chestnut wood (Castanea Sativa Mill.) 
against bacteria causing subclinical mastitis in thai friesian dairy cows. Vet World. (2021) 
14:2427–33. doi: 10.14202/vetworld.2021.2427-2433

	41.	Silva, C, Vidal, CS, SMA, F, Agatão, IM, Berbert, LC, Salles, JB, et al. Rapid 
bactericidal activity of Punica granatum L. peel extract: a natural alternative for mastitis 
prevention in dairy cattle. Molecules. (2025) 30:2387. doi: 10.3390/molecules30112387

	42.	Sun, J, Xufeng, J, Qiu, Z, Gao, Q, Zhu, Z, He, J, et al. Artemisiae Annuae Herba: 
from anti-malarial legacy to emerging anti-cancer potential. Theranostics. (2025) 
15:7346–77. doi: 10.7150/thno.115414

https://doi.org/10.3389/fvets.2025.1690281
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.14202/vetworld.2023.786-791
https://doi.org/10.14202/vetworld.2020.1448-1456
https://doi.org/10.3390/antibiotics12111594
https://doi.org/10.1016/j.vetmic.2010.01.016
https://doi.org/10.1016/j.vetmic.2010.01.016
https://doi.org/10.1017/s0022029925000354
https://doi.org/10.3168/jds.S0022-0302(05)72841-1
https://doi.org/10.1016/j.ijantimicag.2003.10.007
https://doi.org/10.4061/2010/517060
https://doi.org/10.4103/jlp.Jlp_55_18
https://doi.org/10.29261/pakvetj/2024.171
https://doi.org/10.29261/pakvetj/2024.171
https://doi.org/10.3389/fvets.2025.1589900
https://doi.org/10.3389/fvets.2025.1476302
https://doi.org/10.3389/fvets.2025.1476302
https://doi.org/10.3389/fvets.2025.1565787
https://doi.org/10.3389/fvets.2025.1603107
https://doi.org/10.3389/fvets.2025.1603107
https://doi.org/10.3390/microorganisms11061533
https://doi.org/10.1128/jcm.01696-15
https://doi.org/10.1155/2019/3276156
https://doi.org/10.5812/jjm.98009
https://doi.org/10.1038/s41598-021-86647-8
https://doi.org/10.1038/s41598-024-66801-8
https://doi.org/10.3389/fvets.2023.1255058
https://doi.org/10.14202/vetworld.2021.2427-2433
https://doi.org/10.3390/molecules30112387
https://doi.org/10.7150/thno.115414

	Isolation, identification, and susceptibility testing of Staphylococcus caprae from dairy goats with mastitis to antibiotics and Chinese herbal medicines
	1 Introduction
	2 Materials and methods
	2.1 Pathological samples
	2.2 Hematoxylin and eosin staining
	2.3 Isolation, purification of bacteria and microscopic examination by Gram staining
	2.4 Biochemical identification tests
	2.5 16S rDNA gene sequencing and identification
	2.6 Animal challenge experiment
	2.7 Preparation of susceptibility disks for antibiotics, CHMs, and phytogenic extracts
	2.7.1 Antibiotics
	2.7.2 CHMs
	2.7.3 Phytogenic extracts
	2.8 Kirby-Bauer (K-B) disk diffusion susceptibility test

	3 Results
	3.1 Histopathological findings from H&E staining
	3.2 Colonial morphology and microscopic examination
	3.3 Biochemical characterization
	3.4 16S rDNA gene sequencing identification
	3.5 Virulence of Staphylococcus caprae in mice
	3.6 Antimicrobial susceptibility profiling
	3.6.1 Antibiotics susceptibility of Staphylococcus caprae
	3.6.2 CHMs susceptibility of Staphylococcus caprae
	3.6.3 Phytogenic extracts susceptibility of Staphylococcus caprae

	4 Discussion
	5 Conclusion

	References

