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Periodontitis is mainly caused by bacterial destruction of periodontal tissue in 
dental plaque. Commonly used antibiotic treatment has some shortcomings, such 
as incomplete sterilization, drug resistance, and local flora imbalance. Because 
of this, there is a need to identify safe and non-drug resistant health products 
with high antibacterial activity. Ginsenosides, the primary active component in 
ginseng, have been shown to be antibacterial. In this study, we investigated the 
inhibitory effects of ginsenosides on Porphyromonas gingivalis and Fusobacterium 
nucleatum, along with their structure–activity relationships and mechanisms 
of action. Our results show that total ginsenosides elicit a significant inhibitory 
effect on the growth of periodontal pathogens, with antibacterial effects from 
PPD-type saponins being greater than those from PPT-type saponins. Among 
different monomer saponins, Rd had the best antibacterial effect and inhibited 
the growth of periodontal pathogens at 250 μM. Mechanistic analyses indicated 
that total ginsenosides mainly function at inhibiting biofilm formation by reducing 
cell surface hydrophobicity and extracellular polysaccharide content. Our study 
provides the basis for development of new, plant-based treatment drugs against 
periodontal disease.
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1 Introduction

Periodontitis is considered by the World Health Organization (WHO) as a major dental 
disease. Periodontitis is an inflammation-mediated microbial-host interaction, which 
eventually leads to periodontal attachment loss. Currently, the most widely recognized 
periodontal pathogens include Porphyromonas gingivalis, Fusobacterium nucleatum, Tannerella 
forsythia, Actinobacillus actinomycetemcomitans, and Prevotella intermedia, among which 
P. gingivalis is the primary etiological agent of chronic periodontitis in adults (Fine et al., 2007). 
These periodontal pathogenic bacteria and their products in the biofilm are believed to be the 
initiating factors in periodontal disease. Thus, controlling bacterial infections and eliminating 
pathogenic factors are key to the prevention and treatment of chronic periodontitis.

Currently, the main clinical treatment includes mechanical debridement, systemic drug 
therapy, periodontal surgery, among others. Drug treatment is divided into systemic treatment 
and local drug treatment. Systemic drug therapy mainly includes antibiotics, such as 
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nitroimidazole, tetracycline, and penicillin, while local drug therapy 
contains minocycline hydrochloride ointment (Cope et al., 2018; Yan 
et al., 2020). These antibiotics can effectively eliminate bacteria at the 
bottom of deep periodontal pockets and the root bifurcation area. 
However, they are prone to inducing side effects, such as intestinal and 
systemic allergic reactions, but they also can promote drug resistance 
and destruction of microbial balance (Gomes et al., 2020).

Development of new non-toxic products that avoid drug resistance 
and are effective at inhibiting periodontal pathogen proliferation and 
plaque biofilm formation, has become crucial to alleviating periodontal 
disease. In this regard, plant-derived natural products have recently 
attracted considerable attention. Natural products such as curcumin (Li 
et al., 2021), naringin (Chang et al., 2017), baicalin (Sun et al., 2016), 
can inhibit bacterial growth and reproduction via multiple mechanisms, 
making it an effective approach to improving periodontal health.

Ginseng is widely used in herbal remedies. The primary 
pharmacologically active component in ginseng are ginsenosides. Based 
on differences of sapogenins, ginsenosides are divided into 
protopanaxadiol, protopanaxatriol and oleanolic acid saponins. Among 
them, protopanaxadiol and protopanaxatriol belong to dammarane 
saponins, accounting for the vast majority of ginsenosides (Hou et al., 
2021). Protopanaxadiol and protopanaxatriol are tetracyclic triterpenoids 
that can be decorated by various sugars. Protopanaxadiol-type saponins 
are PPD decorated with glycosyl groups at their C-3 and C-20 positions, 
including Rb1, Rb2, Rb3, Rc, Rd, Rg3 (Hou et al., 2021). Protopanaxatriol-
type saponins are PPT decorated with glycosyl groups at the C-6 and 
C-20 positions, including Re, Rf, Rg1, Rg2, Rh1, Rh3. The biological 
activity of ginsenosides is closely related to its structure. The difference 
in the type of glycosyl attached to the aglycone skeleton, the substitution 
site, and the glycosidic bond configuration of the sugar chain length 
group may be the reason for the difference in biological activity between 
different components of ginsenosides (Yousof Ali et al., 2021).

Previous studies have found that ginsenosides Rg5 (Xue et al., 
2017), Rd (Zhou et al., 2022) and Rg6 (Lee et al., 2024) have significant 
inhibitory effects on periodontal pathogens, proving that ginsenosides 
are a potential natural drug for the treatment of periodontitis. 
However, the relationship between the structure and antibacterial 
activity of ginsenosides is not yet clear, and further research is needed. 
In this study, we  examined the inhibitory effects from total 
ginsenosides on the growth of P. gingivalis and F. nucleatum, along 
with antibacterial effects from ginsenoside-isolated protopanaxadiol 
(PPD)-type and protopanaxatriol (PPT)-type saponins.

To assess structure–activity relationships, monomer saponins of 
the PPD-type (Rb1, Rb3, Rd, Rg3) and PPT-type (Re, Rg1, Rg2, Rh1) 
were investigated, and their inhibitory effects on the growth of 
P. gingivalis and F. nucleatum were compared. Furthermore, the 
antibacterial mechanisms of these ginsenosides were determined. Our 

results show that ginsenosides have significant inhibitory effects on 
periodontitis pathogenic bacteria, thus providing a new strategy to 
potentially prevent and treat periodontal disease.

2 Materials and methods

2.1 Materials

Ginseng leaf-stem saponins were purchased from Ningbo 
Jinainong Biotechnology Co., Ltd. (Ningbo, China). Ginsenoside 
standards (Rd, Rb1, Rb3, Rg3, Re, Rg1, Rg2 and Rh1) with >98% 
purity were purchased from CHENGDU MUST 
BIO-TECHNOLOGY CO., LTD (Chengdu, China). P. gingivalis 
BNCC 236547 and F. nucleatum 280,188 were purchased from 
Suzhou BeNa Culture Collection (BNCC) Biotechnology CO., LTD 
(Suzhou, China). Other chemicals are of analytical or 
chromatographic grade.

2.2 Preparation of ginsenosides

The total ginsenosides from ginseng stems and leaves were 
separated into two components (PPD-type and PPT-type 
ginsenosides) by membrane filtration. The aqueous solution of total 
ginsenosides was divided into retention and permeation solutions by 
using hollow fiber ultrafiltration (GE Healthcare UFP-3-C-6A, USA) 
with a molecular weight cut-off of 3 kD.

The PPD-type ginsenosides (Rb1, Rb3, Rd) and PPT-type 
ginsenosides (Re, Rg1) were isolated through optimized silica gel 
column chromatography. This protocol was adapted from our 
laboratory’s established methodology (Wang et  al., 2018) with 
modifications to the mobile phase system: n-butanol/ethyl acetate/
water (4:4:1, v/v/v) for Rb1, Rb3 and Rd, while methanol/ethanol/
ethyl acetate mixture (7:3:50, v/v/v) for Re and Rg1. Additional 
ginsenosides (Rg3, Rh1, Rg2) were produced via our laboratory’s well-
characterized enzymatic biotransformation (Hu et al., 2019; Zhao 
et al., 2012; Yuan et al., 2015; Hu et al., 2024).

2.3 Identification of ginsenoside 
components

Ginsenoside components as isolated above, were identified and 
purified by using high performance liquid chromatography 
(HPLC). Detection conditions used are as previously reported (Hu 
et al., 2024). The sample injection volume was 10 μL. The liquid 
phase consisted of a Waters 2,695 separation unit and a 2,998 
secondary tube array detector. A C18 chromatographic column 
(4.6 × 250 mm, 5 μm) was used to separated sample components. 
The mobile phase was acetonitrile (A) and ultrapure water (B). The 
elution program was: 0–5 min 70% A; 6.3–15 min 65% A; 
15–25 min 60% A; 25–50 min 20% A; 50–60 min 0% A; 
80–100 min 70% A. The column temperature was set at 30°C, and 
the elution flow rate was 0.4 mL/min. The absorption wavelength 
of 203 nm was measured, and the type of ginsenoside was 
determined by retention time compared to that of 
standard saponins.

Abbreviations: BHI, Brain Heart Infusion Broth; CFU, colony forming unit; DMSO, 

Dimethyl sulfoxide; DSM, Deutsche Sammlung von Mikroorganismen; EPS, 

Extracellular polysaccharides; Glc, Glucose; HPLC, high performance liquid 

chromatography; MATH, microbial hydrocarbon adhesion; MBC, minimum 

bactericidal concentration; MIC, minimum inhibitory concentration; MALDI-

TOF-MS, Matrix-assisted laser desorption/ionization time-of-flight mass 

spectrometry; PBS, phosphate buffered saline; PPD, protopanaxadiol; PPT, 

protopanaxatriol; PUM, phosphate urea magnesium; WHO, World Health 

Organization; Xyl, Xylose.

https://doi.org/10.3389/fmicb.2025.1573969
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Lei et al. 10.3389/fmicb.2025.1573969

Frontiers in Microbiology 03 frontiersin.org

2.4 Bacterial strain and growth conditions

On an ultra-clean bench, 0.5 mL of sterile water was taken into 
disinfected ampoule bottles containing P. gingivalis and F. nucleatum, 
and 200 μL bacterial solution was uniformly coated onto the 
Colombian blood plates followed by slow blowing and mixing. Blood 
plates inoculated with bacteria were placed in an anaerobic culture jar 
(Gene Science anaero station AG300, USA) at 37°C under anaerobic 
conditions (10% CO2, 10% H2, and 80% N2). P. gingivalis was cultured 
for 10 days, and F. nucleatum was cultured for 4 days.

Single colonies were cultured in modified Brain Heart Infusion 
Broth (BHI medium) composed of 10 g/L peptone, 12.5 g/L 
dehydrated calf brain extract powder, 5.0 g/L dehydrated bovine heart 
extract powder, 5.0 g/L NaCl, 2.0 g/L Glucose, 2.5 g/L Na2HPO4, 1% 
hemin, and 0.1% Vitamin K1 at 37°C for 24 h under anaerobic 
conditions in an anaerobic culture jar. After culturing, the two strains 
were identified by Matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF-MS) (Bruker autoflex 
speed MALDI TOF/TOF, Germany).

The concentration of P. gingivalis and F. nucleatum was adjusted 
to 1 × 108 CFU/mL using a nephelometer for subsequent experiments.

2.5 Determination of minimum inhibitory 
concentrations

The minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) were determined by using the 
micro-double dilution method (Wang et  al., 2013). BHI liquid 
medium was used to dilute the total ginsenoside solution. 96-well 
microplates were inoculated with 100 μL diluted suspension of 
F. nucleatum and P. gingivalis in each well, and then 100 μL samples 
with different concentrations were added. The range of dilutions of 
total ginseng saponins were 4 to 0.03125 mg/mL in the 96-well 
microplates. The BHI bacterial suspension culture medium without 
ginseng total saponin solution was used as the negative control, and 
the bacterial suspension containing 20 μg/mL ornidazole solution and 
experimental bacteria was used as the positive control. Plates were 
incubated in an anaerobic incubator at 37°C for 24 h and then the 
absorbance at 600 nm was detected by using a microplate reader 
(Tecan infinite F50, Switzerland). MIC is defined as the minimum 
concentration of OD600 change ≤0.05 compared with the control 
group. All determinations were performed in triplicate.

For detection of MBC of the total ginsenoside, each well with a 
concentration greater than or equal to the MIC was selected, and 
20 μL of mixed culture solution was coated on a Colombian blood 
plate. P. gingivalis was cultured in an anaerobic incubator at 37°C for 
120 h, and F. nucleatum was cultured for 72 h. The lowest 
concentration with fewer than 5 to 6 colonies is defined as the 
MBC. All determinations were performed in triplicate with three 
replicates in each group.

2.6 Detection of DMSO toxicity

To exclude the effect of DMSO on bacterial growth, toxic effects 
of different concentrations of DMSO on P. gingivalis and F. nucleatum 
were examined. The final concentrations of DMSO were 5, 4, 3, 2, 1, 

0.5 and 0%, achieved by adding bacterial suspensions and different 
volumes of DMSO in 96-well plates. The concentration of the bacterial 
suspension was diluted to 1 × 108 CFU/mL ahead of time. Plates were 
then placed in an anaerobic incubator for 24 h, and the absorbance at 
600 nm was detected by using a microplate reader. The experiment 
was repeated three times independently, with three parallels in 
each group.

2.7 Inhibitory effects of PPD- and PPT-type 
saponins

In order to understand the structure–activity relationship of 
ginsenosides against periodontal pathogens, MIC values of PPD- and 
PPT-type saponins against P. gingivalis and F. nucleatum were 
determined, and their antibacterial effects were compared. P. gingivalis 
and F. nucleatum bacterial suspensions were transferred to 96-well 
plates with different concentrations of PPD- and PPT-type saponins 
in each group. The reaction systems are the same as described in the 
previous section. In order to compare the inhibitory effect of different 
ginsenoside components on periodontal pathogens at the same 
concentration, the final concentration of PPD-type monomer 
saponins and PPT-type monomer saponins was consistent with that 
of total ginsenosides.

After 24 h of culture under anaerobic conditions, the OD600 was 
detected and used to determine the antibacterial effect. The 
experiment was repeated three times independently, with three 
parallels in each group.

2.8 Inhibitory effects of different monomer 
saponins

To explore structure–activity relationships of ginsenosides, PPD 
monomer saponins Rb1, Rb3, Rd, Rg3 and PPT monomer saponins 
Re, Rh1, Rg1, Rg2, were used to detect their inhibitory effects on 
P. gingivalis and F. nucleatum. The antibacterial activity of all monomer 
saponins was determined at three concentrations of 500 μM, 250 μM 
and 50 μM (Zhou et al., 2022). Samples were dissolved in 1.5% DMSO 
and diluted with BHI medium to 500 μM, 250 μM and 
50 μM. P. gingivalis and F. nucleatum bacterial suspensions were 
transferred to 96-well plates with different concentrations of monomer 
saponins in each group. The culture system and conditions were as 
described in the previous section. Experiments were repeated three 
times independently, with three parallels in each group.

2.9 Crystal violet assay

The biomass of biofilms after treatment of P. gingivalis and 
F. nucleatum with different concentrations of total saponins were 
determined as previously reported with slight modifications (Zhou 
et al., 2022). The concentration of P. gingivalis and F. nucleatum was 
adjusted to 1.0 × 106 CFU/mL. Bacterial stains were treated with total 
ginseng saponins (1/8×, 1/4×, 1/2×, 1× and 2× MIC) in a 24-well plate 
with coverslips for 3 d in the dark. The control group was BHI liquid 
medium without ginsenosides. After culturing, coverslips with 
adherent bacteria were washed with phosphate buffered saline (PBS) 
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for 3 times, dried at room temperature, and fixed with 200 μL 2.5% 
glutaraldehyde for 20 min. Subsequently, 200 μL 0.1% crystal violet 
reagent was added for 20 min, and then the excess crystal violet reagent 
was washed with PBS. Staining of the bacterial biofilm was observed 
under a microscope (Novel NSZ608T, China). Experiments were 
repeated three times independently, with three parallels in each group.

2.10 Determination of cell surface 
hydrophobicity of Porphyromonas 
gingivalis and Fusobacterium nucleatum

The cell surface hydrophobicity (CSH) of P. gingivalis and 
F. nucleatum treated with different concentrations of total ginsenosides 
was determined by using the microbial hydrocarbon adhesion 
(MATH) method (Drozd and Schwartzbrod, 1996). Specifically, stains 
P. gingivalis and F. nucleatum were treated with the total ginseng 
saponins (1/4× and 1/2× MIC) under anaerobic conditions at 37°C 
for 6 h and 12 h. After that, cultures were centrifuged at 5500 rpm for 
10 min to collect the precipitate, that was resuspended in 500 μL 
phosphate urea magnesium (PUM) buffer. OD values were 
spectrophotometrically measured at 500 nm (A0). Next, measured 
solutions were transferred back to the centrifuge tube, and 100 μL of 
N-hexadecane was added to each tube. After oscillation, solutions 
were allowed to stand for 15 min, during which the solution in the 
centrifuge tubes separated into two layers. The lower one was the 
buffer layer, and 100 μL of this layer was transferred to the 96-well 
plate. OD values were then measured at 500 nm (A1). CSH was 
represented as the hydrophobic index: [(A0 − A1)/A0] × 100%. All sets 
were done in triplicate.

2.11 Determination of extracellular 
polysaccharides content in biofilms

Extracellular polysaccharides (EPS), a main component in 
biofilms, promotes formation of a cohesive three-dimensional 
framework (Pan et al., 2016). The content of EPS in the biofilm was 
determined by using the phenol-sulfuric acid method. P. gingivalis and 
F. nucleatum were treated with different concentrations of total 
ginseng saponins in a 24-well plate with coverslips for 72 h (Felz et al., 
2019). Bacterial concentrations were adjusted to 1 × 106 CFU/mL. The 
total ginsenoside solution was dissolved in BHI liquid medium 
according to the half dilution method, so that final concentrations 
were 1.0, 0.5, 0.25, 0.125, 0.0625, 0.03125 mg/mL. The control group 
was BHI liquid medium without ginsenosides. Coverslips with 
adherent bacteria were washed with PBS for 3 times. After drying at 
room temperature, 80 μL of distilled water, 80 μL 6% phenol and 
400 μL 97% concentrated sulfuric acid were added in turn, and the 
reaction was carried out for 20 min. The absorbance at 490 nm was 
detected by using a microplate reader. Experiments were repeated 
three times independently, with three parallels in each group.

2.12 Statistical analysis

Experimental data were statistically analyzed using GraphPad 
Prism 8 software, and multiple comparisons were made between 

experimental and control groups by using the standard one-way 
analysis of variance. The difference between experimental and control 
groups was considered statistically significant when p < 0.05.

3 Results and discussion

3.1 Preparation and identification of 
ginsenoside components

In this study, we prepared a series of ginsenoside components and 
monomers from total saponins in ginseng stems and leaves. Total 
saponins were separated into PPD- and PPT-type rich components by 
using membrane filtration. The composition and content of monomer 
saponins were detected by HPLC as shown in Table 1. The retention 
component was mainly composed of PPD-type saponins (83.3%), and 
the permeation component was mainly composed of PPT-type 
saponins (81.9%). Among the PPD-type saponins, the content of Rd 
was the highest (34.6%), and the content of Rb3 was the lowest (3.3%). 
PPT-type saponins were mainly composed of Re (43.6%). In addition, 
monomer ginsenosides Rb1, Rb3, Rd, Rg1, Rg2, Rg3, Re and Rh1 were 
also prepared, with HPLC detection results shown in Figure 1. The 
purity of all monomer ginsenosides were > 90%.

3.2 Identification of Porphyromonas 
gingivalis and Fusobacterium nucleatum

MALDI-TOF-MS can determine the bacterial species by analyzing 
peaks of specific proteins from different bacteria (Zhao et al., 2024). 
Here, MALDI-TOF-MS was used to identify two periodontal 
pathogenic bacteria strains after resuscitation, with mass-spectrograms 

TABLE 1 Composition and content of PPD- and PPT-type saponins.

Retention 
component

Permeation 
component

Re 9.5% 43.6%

Rg1 3.4% 19.0%

Rb1 10.6% 1.9%

Rc 8.2% -

Rb2 9.8% 7.3%

Rg2 - 9.1%

Rh1 - 3.0%

Rb3 3.3% -

Rd 34.6% 5.8%

F1 3.7% 7.2%

C-O 4.5% 1.1%

C-MC1 7.2% 2.0%

C-MX1 5.1% -

Proportion of PPD-

type saponins
83.3% 18.1%

Proportion of PPT-

type saponins
16.6% 81.9%
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being compared with strains in the database. As shown in Figure 2, 
two strains were identified as P. gingivalis DSM 20709 T DSM and 
F. nucleatum ssp nucleatum DSM 15643 T BRB. These strains were 
used in our subsequent experiments.

3.3 Antibacterial effects of total 
ginsenosides on Porphyromonas gingivalis 
and Fusobacterium nucleatum

The antibacterial effect of total ginsenosides was detected by 
measuring MIC and MBC values. As shown in Figures 3A,C, the 
MIC and MBC values of total ginsenosides toward P. gingivalis 

were both 1 mg/mL, whereas MIC and MBC values of total 
ginsenosides against F. nucleatum were 1 mg/mL (Figure 3B) and 
2 mg/mL (Figure 3D), respectively. In Figures 3A,B, 0.25 mg/mL 
and 0.5 mg/mL total ginsenosides significantly inhibited the 
growth of P. gingivalis and F. nucleatum. Total ginsenosides at 
1–4 mg/mL completely inhibited the growth of both bacteria, and 
the number of bacterial colonies was significantly reduced. In 
order to exclude interference from solvents, the toxicity of DMSO 
alone to P. gingivalis and F. nucleatum was detected. As shown in 
Figures  3E,F, addition of 0.5 to 2% DMSO had no effect on 
bacterial growth. When the DMSO concentration reached 3%, the 
growth of P. gingivalis and F. nucleatum was partially inhibited. 
Because of this, we held the DMSO concentration less than 1.5% 

FIGURE 1

HPLC analysis of different monomer ginsenosides. (A) HPLC analysis of PPD-type saponins. (B) HPLC analysis of PPT-type saponins.

https://doi.org/10.3389/fmicb.2025.1573969
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Lei et al. 10.3389/fmicb.2025.1573969

Frontiers in Microbiology 06 frontiersin.org

in all experiments. Overall, total ginsenosides exhibited a 
significant inhibitory effect on the growth of P. gingivalis and 
F. nucleatum.

3.4 Inhibitory effects of PPD- and PPT-type 
saponins

Because total ginsenosides mostly contain PPD- and PPT-type 
saponins, we  assessed their antibacterial structure–activity 
relationships. As shown in Figure  4, both types of saponins 
significantly inhibited the growth of P. gingivalis and F. nucleatum, but 
their inhibitory effects varying.

At 0.125 mg/mL, PPD-type saponin had an inhibitory effect on 
P. gingivalis (Figure 4A), whereas PPT-type saponins were effective at 
0.25 mg/mL (Figure 4B). For F. nucleatum, PPD-type saponins were 
effective at 0.5 mg/mL (Figure  4C), whereas PPT-type saponins 
required a concentration of 1 mg/mL (Figure  4D) to show the 
same effect.

Overall, the antibacterial effect of PPD-type saponins was more 
significant than that of PPT-type saponins, with effects on P. gingivalis 
being better.

3.5 Inhibitory effects of monomer saponins 
on Porphyromonas gingivalis and 
Fusobacterium nucleatum

To further analyze antibacterial structure–activity relationships of 
ginsenosides, we selected four PPD-type (Rb1, Rb3, Rd and Rg3) and 
four PPT-type (Re, Rh1, Rg1 and Rg2) monomer saponins to 
investigate. As shown in Figure  5, PPD-type monomer saponins 
elicited better antibacterial effects on P. gingivalis and F. nucleatum 
than PPT-type monomer saponins. We also found that PPD-type 
monomer saponins had a better inhibitory effect on P. gingivalis than 
on F. nucleatum. For PPD-type monomer saponins, Rb1, Rb3, Rd and 
Rg3 inhibited the growth of P. gingivalis and F. nucleatum in a dose-
dependent manner. When the concentration reached 500 μM, the 

FIGURE 2

MALDI-TOF-MS identification of P. gingivalis and F. nucleatum. (A) The specific protein peak of P. gingivalis. (B) The specific protein peak of  
F. nucleatum.

https://doi.org/10.3389/fmicb.2025.1573969
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Lei et al. 10.3389/fmicb.2025.1573969

Frontiers in Microbiology 07 frontiersin.org

growth of P. gingivalis and F. nucleatum was almost completely 
inhibited. Among them, Rd had the greatest inhibitory effect on both 
bacteria, an effect that was clearly obvious at 250 μM. Zhou et al. also 
found that 400 μM Rd completely inhibited the growth of P. gingivalis 
(Zhou et  al., 2022). Therefore, Rd can be  considered as an ideal 
candidate for the treatment of periodontitis. With Rh1, Rg1 and Rg2, 
addition of 50 μM and 250 μM had little effect on P. gingivalis and 
F. nucleatum, but at 500 μM, they did inhibit the growth of both stains, 

especially F. nucleatum. However, Re had no inhibitory effect on 
P. gingivalis and F. nucleatum.

Based on these results, the antibacterial effect of PPD-type saponin 
monomer was better than that of PPT saponin monomer. Among the 
PPD-type monomer saponins, Rd had the best antibacterial activity. 
PPD- and PPT-type saponins belong to the class of tetracyclic 
triterpenoid saponins, with their sugar moieties being correlated with the 
biological activities of ginsenosides. The main difference between 

FIGURE 3

Antibacterial effects of total ginsenosides. (A) MIC of total ginsenosides toward P. gingivalis. (B) MIC of total ginsenosides toward F. nucleatum. (C) MBC 
of total ginsenosides toward P. gingivalis. (D) MBC of total ginsenosides toward F. nucleatum. (E) Toxic effects of DMSO on P. gingivalis. (F) Toxic effects 
of DMSO on F. nucleatum. *p < 0.05 versus the normal control.
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FIGURE 4

Effects of PPD- and PPT-type saponins on the growth of P. gingivalis and F. nucleatum. (A) Inhibitory effect of PPD-type saponins on the growth of 
P. gingivalis. (B) Inhibitory effect of PPT-type saponins on the growth of P. gingivalis. (C) Inhibitory effect of PPD-type saponins on the growth of F. 
nucleatum. (D) Inhibitory effect of PPT-type saponins on the growth of F. nucleatum. *p < 0.05 versus the normal control.

FIGURE 5

Effects of monomer saponins on the growth of P. gingivalis and F. nucleatum. (A) Inhibitory effect of PPD-type monomer saponins on the growth of P. 
gingivalis. (B) Inhibitory effect of PPT-type monomer saponins on the growth of P. gingivalis. (C) Inhibitory effect of PPD-type saponins monomer on 
the growth of F. nucleatum. (D) Inhibitory effect of PPT-type monomer saponins on the growth of F. nucleatum. *p < 0.05 versus the normal control.
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PPD- and PPT-type monomeric saponins is their terminal glycosyl 
groups at C-3, C-6, and C-20. The glycosyl groups of PPD-type saponins 
Rb1, Rb3, Rd and Rg3 are located at C-3 and C-20 positions, whereas 
glycosyl groups on PPT-type saponins Re, Rh1, Rg1 and Rg2 are located 
at their C-6 and C-20 positions. The C-3 terminal glycosyl groups of 
PPD-type saponins Rb1, Rb3, Rd and Rg3 are all Glc (β-1,2) Glc-. The 
sugar group at C-20 of Rb1 is Glc (β-1,6) Glc-, Rb3 is Xyl (β-1,6) Glc-, 
Rd is Glc- and Rg3 does not contain any sugar groups. This difference in 
the C-20 glycosylation may be one reason why the antibacterial activity 
of Rd is better than that of the other monomer saponins. The PPT-type 
monomer saponin Rh1 has only one Glc- at the C-6 position, Rg1 has 
one Glc- at the C-6 and one Glc- at the C-20 position, Rg2 has Rha (α-
1,2) Glc- at the C-6 position, and Re has Rha (α-1,2) Glc- at the C-6 and 
Glc- at the C-20 position, respectively. The presence of Rha (α-1,2) Glc- 
may affect the antibacterial activity of ginsenosides. In addition, the 
difference in the position of sugar chains may also explain differences in 
the antibacterial activities of ginsenosides.

Some studies had found that the physiological activity of 
ginsenosides may be related to their structure. The anti-cancer activity 
is negatively correlated with the number of sugar residues. Ginsenosides 
with more sugar residues had no significant anti-cancer activity, which 
may be due to the polar hydroxyl group in the sugar part. It reduced 
the hydrophobicity of ginsenosides and made them difficult to cross 
the cell membrane (Elsaman et al., 2024). In this study, the number of 
sugar groups may also affect the antibacterial activity of ginsenosides. 
Compared with ginsenoside Rb1, ginsenoside Rd has only one Glc- at 
the C-20 position, but it exhibits better antibacterial activity than Rb1.

3.6 Effects of total ginsenosides on biofilm 
formation

The biofilm of pathogenic bacteria is the initiating factor of 
periodontal disease. Biofilm formation can lead to chronic infection 
that is unaffected by host immunity and resistant to antimicrobials 
(Nishikawa et  al., 2024). Therefore, we  studied the effects of 
ginsenoside on biofilm formation by pathogenic bacteria. For this, 
P. gingivalis and F. nucleatum were cultured under anaerobic 
conditions for 3 days to form biofilms. At the same time, different 

concentrations of ginsenosides were added to P. gingivalis and 
F. nucleatum and cultured under the same conditions. After crystal 
violet staining, biofilm formation was observed and quantified. As 
seen in Figure  6, biofilm formation decreased gradually with 
increasing ginsenoside concentration (Flemming et al., 2016). Biofilm 
formation with F. nucleatum was greater than that with P. gingivalis. 
F. nucleatum is the most abundant bacterium in the human gingival 
sulcus and can co-aggregate with other bacteria, allowing it to play a 
central role in biofilm formation. When the concentration of total 
ginsenosides was at the MIC, P. gingivalis did not produce biofilm 
(Figure 6A), and when the concentration of total ginsenosides was 2 
MIC, F. nucleatum also did not produce biofilm (Figure 6B). These 
results demonstrate that total ginsenosides can inhibit the growth of 
P. gingivalis and F. nucleatum by reducing biofilm formation.

Total ginsenosides may inhibit biofilm growth by interfering with 
quorum sensing (QS) among bacteria. QS system significantly enhanced 
the pathogenicity of periodontal pathogens by regulating virulence factor 
secretion, biofilm formation and immune escape (Bridges and Bassler, 
2019). By sensing self-inducers, bacteria can judge the density of bacteria 
and changes in the surrounding environment, and can activate the 
regulatory expression of a series of genes to regulate the population 
behavior of bacteria. When ginsenosides acted on periodontal pathogens, 
the expression of virulence regulation genes was down-regulated, which 
interfered with QS process among bacteria. Previous report found that 
the expression of virulence genes (fimA and kgp) was significantly 
reduced after treating P. gingivalis with Rd (Zhou et al., 2022).

3.7 Effect of total ginsenosides on CSH of 
Porphyromonas gingivalis and 
Fusobacterium nucleatum

Hydrophobic interaction is a factor that affects bacteria-host 
reactions and adhesion that is a crucial step in formation of dental 
plaque biofilm that impacts the pathogenicity of dental plaque 
(Ellepola and Samaranayake, 1998). The decrease of bacterial surface 
hydrophobicity can lead to the decrease of adhesion. To further 
explore how ginsenosides destroy biofilms, the surface hydrophobicity 
of bacteria was determined. In our study, the surface hydrophobicity 

FIGURE 6

Crystal violet staining. (A) Biofilm formation after treatment of P. gingivalis with different concentrations of total ginsenosides. (B) Biofilm formation 
after treatment of F. nucleatum with different concentrations of total ginsenosides.
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FIGURE 8

Changes of EPS content in biofilms upon treatment of P. gingivalis and F. nucleatum with total ginsenoside. (A) Changes of EPS content of P. gingivalis. 
(B) Changes of EPS content of F. nucleatum. *p < 0.05 versus the normal control.

of P. gingivalis and F. nucleatum treated with different concentrations 
of total ginsenosides was determined by MATH method (Lee and Lee, 
2019). The hydrophobic index of the two strains was significantly 
reduced upon treatment with 1/4 MIC and 1/2 MIC of total 
ginsenosides and was gradually decreased with increasing ginsenoside 
concentration (Figure 7). Our results indicated that ginsenosides can 
significantly inhibit surface hydrophobicity of P. gingivalis and 
F. nucleatum, which, in turn, reduced bacterial adhesion and thus 
reduced bacterial ability to form biofilms.

Hydrophobic bacteria are more likely to adsorb onto hydrophobic 
surfaces through hydrophobic-hydrophobic interactions, thereby 
initiating biofilm formation (Pagedar et al., 2010; Di Ciccio et al., 
2015). CSH plays an important role in biofilm formation and 
intercellular adhesion, and is the core of biofilm formation and 
development (Vandana and Das, 2023). Studies had shown that some 
natural drugs can affect the formation of biofilms by destroying cell 
hydrophobicity, thereby reducing the pathogenicity of pathogens. For 

example, apigenin-7-O-glucoside exerted strong anti-biofilm activity 
by inhibiting CSH (Pei et al., 2023).

3.8 Effects of total ginsenosides on EPS 
content in Porphyromonas gingivalis and 
Fusobacterium nucleatum

The EPS secreted by bacteria may contain hydrophobic 
components such as lipids, hydrophobic proteins, which cooperate 
with the hydrophobicity of the bacterial surface to enhance the 
stability of the biofilm structure (Ma et al., 2022). EPS promotes the 
adhesion and aggregation of bacteria on the tooth surface and can 
protect bacteria from the influence of the external environment (Li 
et  al., 2023). This provides energy and carbon sources for 
microorganisms and is crucial for pathogenic bacteria (Felz et al., 
2019). In this study, the content of EPS in biofilms was determined 

FIGURE 7

Analysis of surface hydrophobicity after treatment of P. gingivalis and F. nucleatum with total ginsenoside. (A) The surface hydrophobicity of P. 
gingivalis. (B) The surface hydrophobicity of F. nucleatum. *p < 0.05 versus the normal control.
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by using the phenol-sulfuric acid method. As shown in Figure 8, the 
content of EPS decreased with increasing ginsenoside concentration. 
Production of EPS in P. gingivalis and F. nucleatum biofilms was 
significantly inhibited by total ginsenoside at 0.125 mg/mL and 
0.25 mg/mL, respectively. Our study found that total ginsenosides 
reduce the amount of EPS in biofilms, and thereby reduced biofilm 
formation by P. gingivalis and F. nucleatum, accounting for the 
observed antibacterial effects.

Bacteria with biofilms are highly resistant to antibiotics and host 
immune defense mechanisms. As a chronic disease, the development of 
periodontitis was related to the accumulation of biofilm of periodontal 
pathogens (Kwon et al., 2021). In this study, ginsenosides showed a 
significant inhibitory effect on the growth of P. gingivalis and 
F. nucleatum. Further studies had found that ginsenosides can destroy 
the formation of biofilms by reducing cell surface hydrophobicity and 
reducing EPS secretion, reducing adhesion between pathogens, and 
reducing their pathogenicity. As a potential periodontitis treatment drug, 
ginsenosides can be used in the future to develop gels, mouthwashes or 
sustained-release materials that directly act on periodontal pockets to 
enhance efficacy, or in combination with traditional antibiotics to achieve 
better therapeutic effects. In the future, Nano-delivery technology can 
be combined to optimize the bioavailability and targeting of ginsenosides, 
providing a new strategy for the treatment of periodontitis.

4 Conclusion

In conclusion, total ginsenosides have significant inhibitory effects 
on the growth of P. gingivalis and F. nucleatum. For P. gingivalis, the 
MIC was 1 mg/mL, and the MBC was 1 mg/mL. For F. nucleatum, the 
MIC and MBC were 1 mg/mL and 2 mg/mL, respectively. The 
antibacterial effect of PPD-type saponins was more significant than 
that of PPT-type saponins, and the monomer saponin Rd in the 
PPD-type had the best antibacterial effect. Rd at 250 μM inhibited the 
growth of periodontal pathogens. Mechanistic analyses showed that 
total ginsenosides reduced the surface hydrophobicity and EPS biofilm 
content of periodontal pathogens, thereby reducing the adhesion of 
periodontal pathogens and effectively inhibiting formation of biofilms 
of P. gingivalis and F. nucleatum pathogens.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding authors.

Author contributions

QL: Writing  – original draft, Investigation, Methodology. JC: 
Formal analysis, Investigation, Writing  – original draft. YY: Data 
curation, Resources, Writing  – review & editing. CH: Resources, 
Writing – review & editing. ZL: Methodology, Writing – review & 
editing. SY: Data curation, Methodology, Writing – review & editing. 
KM: Writing – review & editing. YZ: Funding acquisition, Supervision, 
Writing – review & editing. LS: Conceptualization, Funding acquisition, 
Supervision, Writing  – review & editing. WS: Conceptualization, 
Funding acquisition, 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 National Natural Science Foundation of China (32271339), 
International Cooperation Project of Jilin Provincial of Science and 
Technology Department (20240402011GH) and the project of 
Department of Agriculture and Rural Affairs of Jilin Province 
(JARS-2024-0401-3).

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.

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
Bridges, A. A., and Bassler, B. L. (2019). The intragenus and interspecies quorum-

sensing autoinducers exert distinct control over Vibrio cholerae biofilm formation and 
dispersal. PLoS Biol. 17:e3000429. doi: 10.1371/journal.pbio.3000429

Chang, P., Chao, Y., Hsiao, M., Chou, H., Jheng, Y., Yu, X., et al. (2017). Inhibition of 
periodontitis induction using a stimuli-responsive hydrogel carrying Naringin. J. 
Periodontol. 88, 190–196. doi: 10.1902/jop.2016.160189

Cope, A. L., Francis, N., Wood, F., and Chestnutt, I. G. (2018). Systemic antibiotics for 
symptomatic apical periodontitis and acute apical abscess in adults. Cochrane Database 
Syst. Rev. 2018:CD010136. doi: 10.1002/14651858.CD010136.pub3

Di Ciccio, P., Vergara, A., Festino, A. R., Paludi, D., Zanardi, E., Ghidini, S., et al. 
(2015). Biofilm formation by Staphylococcus aureus on food contact surfaces: 

relationship with temperature and cell surface hydrophobicity. Food Control 50, 930–936. 
doi: 10.1016/j.foodcont.2014.10.048

Drozd, C., and Schwartzbrod, J. (1996). Hydrophobic and electrostatic cell surface 
properties of Cryptosporidium parvum. Appl. Environ. Microbiol. 62, 1227–1232

Ellepola, A. N. B., and Samaranayake, L. P. (1998). The effect of limited exposure to 
antimycotics on the relative cell-surface hydrophobicity and the adhesion of oral 
Candida albicans to buccal epithelial cells. Arch. Oral Biol. 43, 879–887. doi: 
10.1016/S0003-9969(98)00064-8

Elsaman, T., Muddathir, A. M., Mohieldin, E. A. M., Batubara, I., Rahminiwati, M., 
Yamauchi, K., et al. (2024). Ginsenoside Rg5 as an anticancer drug: a comprehensive 
review on mechanisms, structure–activity relationship, and prospects for clinical 
advancement. Pharmacol. Rep. 76, 287–306. doi: 10.1007/s43440-024-00586-5

https://doi.org/10.3389/fmicb.2025.1573969
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1371/journal.pbio.3000429
https://doi.org/10.1902/jop.2016.160189
https://doi.org/10.1002/14651858.CD010136.pub3
https://doi.org/10.1016/j.foodcont.2014.10.048
https://doi.org/10.1016/S0003-9969(98)00064-8
https://doi.org/10.1007/s43440-024-00586-5


Lei et al. 10.3389/fmicb.2025.1573969

Frontiers in Microbiology 12 frontiersin.org

Felz, S., Vermeulen, P., van Loosdrecht, M. C. M., and Lin, Y. M. (2019). Chemical 
characterization methods for the analysis of structural extracellular polymeric 
substances (EPS). Water Res. 157, 201–208. doi: 10.1016/j.watres.2019.03.068

Fine, D. H., Markowitz, K., Furgang, D., Fairlie, K., Ferrandiz, J., Nasri, C., et al. 
(2007). Aggregatibacter actinomycetemcomitans and its relationship to initiation of 
localized aggressive periodontitis: longitudinal cohort study of initially healthy 
adolescents. J. Clin. Microbiol. 45, 3859–3869. doi: 10.1128/JCM.00653-07

Flemming, H. C., Wingender, J., Szewzyk, U., Steinberg, P., Rice, S. A., and 
Kjelleberg, S. (2016). Biofilms: an emergent form of bacterial life. Nat. Rev. Microbiol. 
14, 563–575. doi: 10.1038/nrmicro.2016.94

Gomes, E. W. B., Casarin, M., Martins, T. M., and da Silva, A. F. (2020). Local delivery 
therapies as adjuvants to non-surgical periodontal treatment of periodontitis grade C: a 
systematic review. Clin. Oral Investig. 24, 4213–4224. doi: 10.1007/s00784-020-03631-8

Hou, M., Wang, R., Zhao, S., and Wang, Z. (2021). Ginsenosides in Panax genus and 
their biosynthesis. Acta Pharm. Sin. B 11, 1813–1834. doi: 10.1016/j.apsb.2020.12.017

Hu, C., Wang, Y., Wang, W., Cui, W., Jia, X., Mayo, K. H., et al. (2024). A trapped 
covalent intermediate as a key catalytic element in the hydrolysis of a GH3 β-glucosidase: 
an X-ray crystallographic and biochemical study. Int. J. Biol. Macromol. 265:131131. doi: 
10.1016/j.ijbiomac.2024.131131

Hu, Y., Wang, N., Yan, X., Yuan, Y., Luo, F., Jiang, Z., et al. (2019). Ginsenoside re impacts 
on biotransformation products of ginsenoside Rb1 by Cellulosimicrobium cellulans sp. 21 and 
its mechanisms. Process Biochem. 77, 57–62. doi: 10.1016/j.procbio.2018.11.019

Kwon, T. H., Lamster, I. B., and Levin, L. (2021). Current concepts in the Management 
of Periodontitis. Int. Dent. J. 71, 462–476. doi: 10.1111/idj.12630

Lee, W. J., Kim, E. N., Trang, N. M., Lee, J. H., Cho, S. H., Choi, H. J., et al. (2024). 
Ameliorative effect of Ginsenoside Rg6 in periodontal tissue inflammation and recovering 
damaged alveolar bone. Molecules 29:46. doi: 10.3390/MOLECULES29010046/S1

Lee, S. Y., and Lee, S. Y. (2019). Effects of sub-minimal inhibitory concentrations of 
antibiotics on the morphology and surface hydrophobicity of periodontopathic 
anaerobes. Anaerobe 55, 107–111. doi: 10.1016/j.anaerobe.2018.11.005

Li, Y., Jiao, J., Qi, Y., Yu, W., Yang, S., Zhang, J., et al. (2021). Curcumin: a review of 
experimental studies and mechanisms related to periodontitis treatment. J. Periodontal 
Res. 56, 837–847. doi: 10.1111/jre.12914

Li, Y., Xing, Z., Wang, S., Wang, Y., Wang, Z., and Dong, L. (2023). Disruption of 
biofilms in periodontal disease through the induction of phase transition by cationic 
dextrans. Acta Biomater. 158, 759–768. doi: 10.1016/j.actbio.2023.01.008

Ma, L., Feng, J., Zhang, J., and Lu, X. (2022). Campylobacter biofilms. Microbiol. Res. 
264:127149. doi: 10.1016/j.micres.2022.127149

Nishikawa, J., Fujii, T., Fukuda, S., Yoneda, S., Tamura, Y., Shimizu, Y., et al. (2024). 
Far-ultraviolet irradiation at 222 nm destroys and sterilizes the biofilms formed by 
periodontitis pathogens. J. Microbiol. Immunol. Infect. 57, 533–545. doi: 
10.1016/j.jmii.2024.05.005

Pagedar, A., Singh, J., and Batish, V. K. (2010). Surface hydrophobicity, nutritional 
contents affect Staphylococcus aureus biofilms and temperature influences its survival in 
preformed biofilms. J. Basic Microbiol. 50, S98–S106. doi: 10.1002/jobm.201000034

Pan, M., Zhu, L., Chen, L., Qiu, Y., and Wang, J. (2016). Detection techniques for 
extracellular polymeric substances in biofilms: a review. Bioresources 11, 8092–8115. doi: 
10.15376/biores.11.3.8092-8115

Pei, Z. J., Li, C., Dai, W., Lou, Z., Sun, X., Wang, H., et al. (2023). The anti-biofilm 
activity and mechanism of Apigenin-7-O-glucoside against Staphylococcus aureus and 
Escherichia coli. Infect. Drug Resist. 16, 2129–2140. doi: 10.2147/IDR.S387157

Sun, J. Y., Li, D. L., Dong, Y., Zhu, C. H., Liu, J., Li, J. D., et al. (2016). Baicalin 
inhibits toll-like receptor 2/4 expression and downstream signaling in rat 
experimental periodontitis. Int. Immunopharmacol. 36, 86–93. doi: 10.1016/j. 
intimp.2016.04.012

Vandana, V., and Das, S. (2023). Cell surface hydrophobicity and petroleum 
hydrocarbon degradation by biofilm-forming marine bacterium Pseudomonas 
furukawaii PPS-19 under different physicochemical stressors. J. Hazard. Mater. 
457:131795. doi: 10.1016/j.jhazmat.2023.131795

Wang, J., Chen, H., Gao, J., Guo, J., Zhao, X., and Zhou, Y. (2018). Ginsenosides 
and ginsenosidases in the pathobiology of ginseng-Cylindrocarpon destructans 
(Zinss) Scholten. Plant Physiol. Biochem. 123, 406–413. doi: 10.1016/j.plaphy. 
2017.12.038

Wang, L., Yang, X., Qin, P., Shan, F., and Ren, G. (2013). Flavonoid composition, 
antibacterial and antioxidant properties of tartary buckwheat bran extract. Ind. Crop. 
Prod. 49, 312–317. doi: 10.1016/j.indcrop.2013.04.039

Xue, P., Yao, Y., Yang, X. S., Feng, J., and Ren, G. X. (2017). Improved antimicrobial 
effect of ginseng extract by heat transformation. J. Ginseng Res. 41, 180–187. doi: 
10.1016/j.jgr.2016.03.002

Yan, Y., Zhan, Y., Wang, X., and Hou, J. (2020). Clinical evaluation of ultrasonic 
subgingival debridement versus ultrasonic subgingival scaling combined with manual 
root planing in the treatment of periodontitis: study protocol for a randomized 
controlled trial. Trials 21:113. doi: 10.1186/s13063-019-4031-y

Yousof Ali, M., Jannat, S., and Mizanur Rahman, M. (2021). Ginsenoside derivatives 
inhibit advanced glycation end-product formation and glucose–fructose mediated 
protein glycation in vitro via a specific structure–activity relationship. Bioorg. Chem. 
111:104844. doi: 10.1016/j.bioorg.2021.104844

Yuan, Y., Hu, Y., Hu, C., Leng, J., Chen, H., Zhao, X., et al. (2015). Overexpression and 
characterization of a glycoside hydrolase family 1 enzyme from Cellulosimicrobium 
cellulans sp. 21 and its application for minor ginsenosides production. J. Mol. Catal. B 
Enzym. 120, 60–67. doi: 10.1016/j.molcatb.2015.06.015

Zhao, X., Gao, J., Song, C., Fang, Q., Wang, N., Zhao, T., et al. (2012). Fungal sensitivity 
to and enzymatic deglycosylation of ginsenosides. Phytochemistry 78, 65–71. doi: 
10.1016/j.phytochem.2012.02.027

Zhao, N., Wang, H., Li, J., Lin, X., Guo, L., and Guo, X. (2024). A promoted MALDI-
TOF-MS platform towards rapid and accurate identifications of bacteria. Microchem. J. 
200:110356. doi: 10.1016/j.microc.2024.110356

Zhou, S., Ji, Y., Yao, H., Guo, H., Zhang, Z., Wang, Z., et al. (2022). Application of 
Ginsenoside Rd in periodontitis with inhibitory effects on pathogenicity, inflammation, 
and bone resorption. Front. Cell. Infect. Microbiol. 12:813953. doi: 10.3389/fcimb.2022. 
813953

https://doi.org/10.3389/fmicb.2025.1573969
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1016/j.watres.2019.03.068
https://doi.org/10.1128/JCM.00653-07
https://doi.org/10.1038/nrmicro.2016.94
https://doi.org/10.1007/s00784-020-03631-8
https://doi.org/10.1016/j.apsb.2020.12.017
https://doi.org/10.1016/j.ijbiomac.2024.131131
https://doi.org/10.1016/j.procbio.2018.11.019
https://doi.org/10.1111/idj.12630
https://doi.org/10.3390/MOLECULES29010046/S1
https://doi.org/10.1016/j.anaerobe.2018.11.005
https://doi.org/10.1111/jre.12914
https://doi.org/10.1016/j.actbio.2023.01.008
https://doi.org/10.1016/j.micres.2022.127149
https://doi.org/10.1016/j.jmii.2024.05.005
https://doi.org/10.1002/jobm.201000034
https://doi.org/10.15376/biores.11.3.8092-8115
https://doi.org/10.2147/IDR.S387157
https://doi.org/10.1016/j.intimp.2016.04.012
https://doi.org/10.1016/j.intimp.2016.04.012
https://doi.org/10.1016/j.jhazmat.2023.131795
https://doi.org/10.1016/j.plaphy.2017.12.038
https://doi.org/10.1016/j.plaphy.2017.12.038
https://doi.org/10.1016/j.indcrop.2013.04.039
https://doi.org/10.1016/j.jgr.2016.03.002
https://doi.org/10.1186/s13063-019-4031-y
https://doi.org/10.1016/j.bioorg.2021.104844
https://doi.org/10.1016/j.molcatb.2015.06.015
https://doi.org/10.1016/j.phytochem.2012.02.027
https://doi.org/10.1016/j.microc.2024.110356
https://doi.org/10.3389/fcimb.2022.813953
https://doi.org/10.3389/fcimb.2022.813953

	The inhibitory effects of ginsenosides on periodontitis pathogenic bacteria
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Preparation of ginsenosides
	2.3 Identification of ginsenoside components
	2.4 Bacterial strain and growth conditions
	2.5 Determination of minimum inhibitory concentrations
	2.6 Detection of DMSO toxicity
	2.7 Inhibitory effects of PPD- and PPT-type saponins
	2.8 Inhibitory effects of different monomer saponins
	2.9 Crystal violet assay
	2.10 Determination of cell surface hydrophobicity of Porphyromonas gingivalis and Fusobacterium nucleatum
	2.11 Determination of extracellular polysaccharides content in biofilms
	2.12 Statistical analysis

	3 Results and discussion
	3.1 Preparation and identification of ginsenoside components
	3.2 Identification of Porphyromonas gingivalis and Fusobacterium nucleatum
	3.3 Antibacterial effects of total ginsenosides on Porphyromonas gingivalis and Fusobacterium nucleatum
	3.4 Inhibitory effects of PPD- and PPT-type saponins
	3.5 Inhibitory effects of monomer saponins on Porphyromonas gingivalis and Fusobacterium nucleatum
	3.6 Effects of total ginsenosides on biofilm formation
	3.7 Effect of total ginsenosides on CSH of Porphyromonas gingivalis and Fusobacterium nucleatum
	3.8 Effects of total ginsenosides on EPS content in Porphyromonas gingivalis and Fusobacterium nucleatum

	4 Conclusion

	References

